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 DEER PARK CONVENTION 
June 29--July 2, 1915 


This number of the PROCEEDINGS 15 published in ad- 
vance of its regular date of issue in order to place before the 
membership several of the Convention papers which were 


received too late to be included in the June number. 


The complete Convention program is published in the | 
June PROCEEDINGS and pamphlet copies have been dis- 
tributed. It is, therefore, not repeated in this number. 


As we go to press there are indications that the attendance 
at the Deer Park Convention will be large, and an en- 


thusiastic and enjoyable time is anticipated. 
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FOUNDATIONS FOR TRANSMISSION LINE, AND 
TOWER ERECTION 
V—TORONTO POWER COMPANY 


BY F. C. CONNERY 


— 


ABSTRACT OF PAPER 


There is a broad field open for designing and construction 
engineers in the design and construction of transmission towers 
and foundations. The purpose of the paper is to present а 
brief explanation of the types of towers, tower foundations, etc. 
along with a few details of field practise used in connection ‘with 
the construction of two lines of towers carrying six 190,000-cir. 
mil, seven-strand copper conductors between Niagara Falls and 
Toronto, Ontario. 


The question of dispensing with massive concrete foundations 
for towers is dealt with, and a number of alternatives are pre- 
sented for consideration. 


HE following notes relate to the old and new 60,000-volt 
lines of the Toronto Power Company, between Niagara 
Falls and Toronto. 

There are several types of towers and foundations used on these 
lines which are outlined in Figs. 1 to 5 inclusive. Figs. 6, 7, 8, 
9 and 14, are reproduced from photographs showing various 
features of interest of certain of these towers. 

Towers enumerated above, with the exception of that ot Fig. 
3, are designed to carry two circuits of 190-000-cir. mil seven- 
strand copper cable, for 60,000-volt transmission; pin-type insu- 
lators are used. The tower of Fig. 3 is designed to carry four 
circuits of the same size conductor. 

The writer will endeavor to give, from a practical viewpoint, 


a brief explanation of a few of the foundations used with the 


above mentioned towers. 

Fig. 10, shows foundations used in connection with tower 
marked Fig. 1. About 100 sets of these footings have been dug 
up after being in use seven years, and in no instance has the 
galvanizing deteriorated, and the 3 by 6 bv 24-in. impregnated 
wooden blocks, with a few exceptions, were in a fair state of 
preservation. "These foundations were located in various kinds 
of soil. 
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In connection with the tower shown in Fig. 2, we did not use 
impregnated blocks, nor were any precautions taken, other than 
the hot-galvanizing, to prevent corrosion of the steel. Six of 
these towers were erected in low marshy black-muck, no resist- 
ance being encountered with borings at 40 ft. 


DETAIL OF 
FOOTING 


DETAIL OF 
FOOTING 


Fic. 1—STANDARD TOWER WITH GROUND SPIRE 


A two-inch plank sheathing was driven around each tower-leg 
location, the muck dug out and a floating foundation built six 
feet below the ground surface; this consisted of impregnated two- 
inch planking, the footings being set in concrete, approximately 
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one vard of cement being placed around and under each stub, 
the excavations being 30 in. by 30 in. by 6ft. These towers have 
been erected for one year and have neither settled nor gotten out 
of alignment. 

I may say that great care was taken in connection with the 
locating of towers, so as to avoid, where possible, soft marshy 
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soil and also to equalize the grade. Tower footings in gravel, 
or a mixture of sand and loam packed tightly, offer a great 
resistance against upward pull. EE 
À number of towers of the type marked Fig. 2, were erected in 
rock. This rock was thinly stratified and was easily excavated 
to a depth of three feet. The stubs were cut down to 3 ft. 6 in., 
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and were concreted in with a one-to-four mixture. This con- 
struction has proved satisfactory. 

In Figs. 6 to 9, are shown a type of narrow-base latticed tower. 
The foundations for these were built in two ways. 

(а) A foundation 6 ft. by 6 ft. by 6 ft. with twelve 14-in. anchor 


ҚЕ---“--“---<<---<---%---------------------- 


Fic. 4—ANGLE TOWER FOR ANGLES то 60 DEGREES 


bolts 5ft.6 in. long. This was a one-three-five concrete mixture. 
(b) Foundations 6 ft. by 6 ft. and varying in depths were 
built in the following manner: | 
Excavation was taken out, copper grounding-ribbon placed, 
and 12 inches of one-three-five concrete placed and tamped. 
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No anchor bolts were used, but the tower was erected on this 
12-in. base, and then the excavation filled with one-three-five 
concrete. This method being used on account of the variation 
in the dimension of the bases of these towers. Minimum depth 
6 ft. 

Construction of Footing. (Fig. 3) 


euim 2l ERIS 


Ontario at Burlington Beach, Ontario, 


574 ——1 the mean depth of water being about 
e» | three ft. 


p 4 574 A double coffer-dam was built of 
1— (>) ‚ |2by 8-in. tongued and grooved spruce, 
(44 driven to a depth of 10 feet below 


| Шу) ИМ the lake bottom by a small steam 
КУ hammer. The water was pumped 
ЖІ out, and sand and gravel excavated 

to a depth of six feet below the lake 


encountered. 


S The foundations were then con- 


structed as shown, the spruce sheeting 
being left in to protect against scour- 


| 4 ing. After the foundations were com- 
Сы plete, а tallis of 10-inch rock, each 
| | piece weighing from 500 to 1500 1b. 

was built around the two outer foot- 


A ings of each foundation for extra pro- 


>O 


« bottom where very coarse gravel was 


ХХ 


tection, the location of these towers 


being on a shore where storms from 
/ the East are very prevalent. 
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Method of Setting Stubs. Fig. 15 
shows the template used with success 
mE Eur in the setting of stubs. This tem- 

Fic. 5—HEAvy 75-Foor Plate was carried by the setting-gang, 

STRAIN TOWER lined up on the center line stakes and 
levelled by the gang foreman by means 
of a carpenters level, and then blocked up and checked. 

The stubs were bolted to the template and the filling in of holes 
proceeded with. One man back-filled while two men tamped. 
Special attention on the part of the foreman should be given to 
the tamping, as workmen are apt to do this in a careless manner, 
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Where water was available it was used to settle the back-filling. 

The towers were assembled at the locations where they were 
to be erected, and were erected with a shear-leg outfit. From 
eight to twelve towers of the type marked Fig. 2 were erected 
in one day by eight men and one team. 

The writer has used portable derricks, gin-poles, etc. for erect- 
ing towers, and can say that the shear-leg method 1$ the most 
efficient, except where cramped for room, when the gin-pole 
should be used. 

The shear-legs used, were constructed in the following manner: 
two pieces of 6-in. by 8-т. clear Georgia-pine, 34 ft. long were 
bolted together with a 1-in. by 14-in. through bolt, 14 inches from 
the top. This along with a set of 12-in. triple blocks, hand-lines, 
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Зем. 4 Gutter Pipe filled with 
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Fic. 10—DiAGRAMs OF STANDARD 40 Foot TOWER—FOUNDATIONS 
IN DIFFERENT SOILS 


anchor-pins, etc., makes a cheap and serviceable erecting outfit. 
The above outfit was used in the erection of a line of 928 towers 
averaging 24 tons each, and only one mishap occurred, this being 
caused by negligence on the part of the foreman in charge, and 
was in connection with the first tower erected оп the line. . 


NOTES ом Guy ANCHORS 


Patent anchors for guying should not be used other than for 
light construction. In light soil, an old fashioned slug, or dead- 
man, gives the best results. All guys should be periodically 
inspected and tightened up. When more than one guy is used 
on a pole, galvanized turnbuckles should be used to obtain best 
results. 
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From observations extending over ten years, I would say that 
fully 40 per cent of the guys in use are inefficient, this condition 
being due to lack of inspection. To obtain the best results 1n 
euying, the anchor should be placed at a distance from the base 
of the pole equal to one third the height. | 

In using rock-bolts for anchoring, care should be taken, if the 
rock is covered with a layer of earth, to place the anchor so that 
the ring is just above the surface of the rock, then fasten a long 
link to the ring, and guy to this. This method will give much 
better results than if the ring had been left above the surface of 
the ground and guy attached to it, as the anchor rod will bend 
in the latter case. These rock-bolts should be grouted in with 
hot brimstone. 

We are now designing tower footings which include the follow- 
ing points which we submit for consideration and discussion: 

(1) A modification of an ordinary screw-type guy anchor, 
similar to the Matthews or Stombaugh anchor, with the top ot the 
anchor rod shaped to take the tower leg; this for towers of light 
wind-mill type. 

(2) For heavy anchor, long-span, towers, etc. A large foot- 
plate supported on a shallow concrete footing sufficient to give a 
good bearing, and an anchor similar to those mentioned above, 
with the exception that the end of the bolt will be threaded to 
take a nut and locknut. 

(3) For extra heavy, or four-circuit towers. A large section 
screw-pile with top plate to which the tower foot plate can be 
bolted. 

We also offer for consideration, the question of threading an 
ordinary wooden pile. There are locations on almost every line 
where marshy land or muskeg is encountered, and it is usually a 
very expensive operation to use a pile driving outfit in these 
locations. 

In connection with this method, we have found that it is not 
necessary to drive a pile to refusal to obtain a good footing for a 
standard tower, as there is sufficient skin friction developed by 
the pile in the upper layers of the ground to give satisfactory 
results. Twenty-five-foot piles have been found satisfactory 
' very swampy ground, where borings had been taken to a depth 
of forty feet without striking firm soil. 
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THE EFFECTIVE ILLUMINATION OF STREETS 


BY PRESTON S. MILLAR 


ABSTRACT OF PAPER 


_ This paper mentions the dependence of effectiveness in street 
lighting upon municipal appropriations and efficient lamps, 
but discusses more particularly those aspects of effectiveness 
which are dependent upon skilful utilization of the light to 
produce the most effective illumination. There are included 
à classification of streets, a statement of the objects of street 
lighting and the elements of vision under street lighting con- 
ditions. The paper emphasizes three considerations which are 
sometimes neglected in street lighting discussions; namely, the 
silhouette effect, specular reflection from street pavements, and 
glare. The remainder of the paper is given over to a presenta. 
tton of the variables upon which the effectiveness of street illum- 
ination depends, and upon the influence which each feature of the 
installation exercises through these several variables. As a 
part of this discussion illuminating efficiency values for the 
several modern street illuminants are given. The appendix 
includes statistics and photographs of some very recent installa. 
tions which illustrate the latest trend in street lighting. 


МРЕОУЕМЕМТ in street lighting involves (1) larger 
municipal appropriations; (2) more efficient lamps and 
accessories; (3) greater skill in application. 
Larger Municipal A ppropriations. The public is gradually 
becoming acquainted with the advantages of more liberal use 
ot light. Use of the streets at night is becoming more genera] 
throughout a greater number of hours. Requirements for 
good street lighting are becoming greater as traffic becomes 
denser and as traffic speed increases. Also the advertising value 
of extensively employed light is commanding appreciation in 
mercantile lines. These things combined are leading to larger 
municipal appropriations. Larger appropriations mean better. 
ment in street illumination because the mere addition of lamps 
with no increase in lighting efficiency and no greater skill in 
application usually improves conditions. The greatest single 
Obstacle to satisfactory street illumination is lack of funds. 
More Eficient Lamps and Accessories. The last two years 
have witnessed increases of 25 to 50 per cent in efficiencies of 
street illuminants, the Mazda C incandescent lamp and the 
Manuscript of this paper was received May 18, 1915. 
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magnetite arc lamp having progressed contemporaneously. 
At the present time in the magnetite lamp of medium and 
high power, in the Mazda C lamp of low, medium and high 
power, and in the flame arc lamp of high power there are avail- 
able illuminants having efficiencies four or five times greater 
than those of various types of enclosed carbon arc lamps which 
were the principal street illuminants in this country a few 
years ago. Some advance has been made also in the design 
of lamp equipments, notable among which are the prismatic 
refractor and a variety of light-density translucent glassware 
which combines fairly good diffusion with high transmission. 
These improvements in the materials of street illumination 
. combined with the increased sums which municipalities are 
appropriating make possible a very general improvement in 
street lighting. 

Skill in Application. Recently installed systems are almost 
invariably superior to the systems which they replace. Usually 
the improvement is due in part to greater skill on the part of 
the engineers in charge. City engineers, central station en- 
gineers and manufacturers are better acquainted with the 
problems and have acquired more skill in meeting them. The 
result is street illumination of greater effectiveness. Notwith- 
standing this advance there are but few principles of street 
illumination which are regarded as thoroughly established. 
Although the subject has received perhaps more than a fair 
share of discussion and study, it is still enveloped in much un- 
certainty. In the literature and in practise there is much which 
indicates differences of opinion in regard to principles of funda- 
mental importance. It must be admitted that progréss in the 
conception of correct principles is slow. Yet there is progress, 
and it may be that by the time most street lighting is made 
good, those of us who talk and write of the principles may reach 
an agreement as to what constitutes good street lighting. 

It is the purpose of this paper to discuss the variables of. 
street illumination and the principles underlying the best use 
of modern illuminants and accessories under modern conditions 
in this country. We shall consider therefore matters pertain- 
ing more especially to the third factor entering into improve- 
ment in street illumination as enumerated in the first paragraph.* 


*This paper may be regarded as a continuation of the discussion pre- 
sented by the author before the 1910 convention of the Illuminating 
Engineering Society under the title “ Some Neglected Considerations 
Pertaining to Street Illumination." 
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CLASSIFICATION OF STREETS 


For the purposes of this discussion the following classifica- 
tion of streets is adopted: 


CLASS DESCRIPTION 


la Metropolitan thoroughfares of greatest distinction. 
lb Important city streets largely traveled at night. 
2a Business streets not largely traversed at night. 
2b City residential streets. 

3a Suburban residential streets. 

3b Suburban thoroughfares. 


It will be apparent that requirements for street illumination 
are diverse as among these different classes of streets. For 
example, the la class of streets is distinguished by a require- 
ment for dignified, pleasing fixtures and for lamps and illum- 
ination which should be of fairly high intensity, lighting building 
fronts as well as street. Streets of the 16 class are likely to be 
characterized by much show-window and sign lighting which 
augments the street illumination during the hours of greatest 
traffic. Here intensities are likely to be highest, and the ordi- 
nary fundamental requirements of street lighting are supple- 
mented by the desirability for recognizing acquaintances in the 
passing throng and for detailed vision, approaching that com- 
mon to interiors at night. 

In streets of the 2а class a moderate intensity of illumination 
which lights building fronts as well as street is customary. 
Policing purposes and good sceing conditions for the occasiona] 
pedestrian are the principal desiderata. In streets of the 2b 
class it is usually desirable to keep the light upon the street 
surface, avoiding brilliant illumination of the upper stories of 
residence fronts and providing fairly good lighting for the low 
density vehicular and pedestrian traffic. 
| In streets of the За class it is likewise desirable to keep the 
light upon the street, illuminating the sidewalks well to serve 
the purposes of pedestrians. In streets of the 36 class, which 
are the important automobile highways connecting populous 
centers, the principal requirement is that of the automobile 
driver. Here the most difficult problems of street illumination 
are encountered. 


The discussion in this paper is applicable in varying degree 
to streets of these six classes. 
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OBJECTS OF STREET ILLUMINATION 


From several points of view the objects of street illum- 
ination may be stated in somewhat different ways. The point 
of view of the motorist differs from that of the pedestrian which 
in turn differs from that of the police commissioner and from 
that of the merchant. When, however, one assembles the con- 
siderations growing out of all these several viewpoints, those of 
first importance appear to fall within the comprehensive classi- 
fication presented by the National Electric Light Association 
Street Lighting Committee in 1914 which is as follows: 


Fundamental Purposes to be Served by Street Illumination. 

1. Discernment of large objects in the street and on the sidewalks. 

2. Discernment of surface irregularities in the street and on the side- 
walks. 

3. Good general appearance of the lighted street. 


It would appear that in proportion as these three purposes 


are served the street illumination will be regarded as satis- . 
factory, and it may be concluded that no street lighting in- - 


stallation which serves these three purposes reasonably well 
can be regarded as unsatisfactory. The weight to be given 
each will vary in different streets though in a general way it 
is probable that the purposes are served in the order named. 
It is possible to install at a low cost a system which will reveal 
large objects (purpose No. 1) while failing to serve the two 
other purposes. With increased appropriations, or more ef- 
ficient illuminants, large objects may be revealed to better 
advantage and surface irregularities (purpose No. 2) may also 
be revealed although the third object may not be served. With 
still larger appropriations and still more efficient illuminants, 
discernment may be improved and a pleasing appearance for 
the street (purpose No. 3) by day as well as by night may be 
had. All three objects may be served when appropriations are 
adequate. 


PROCESSES OF SEEING 


In streets at night objects are seen by reason of contour, re- 
lief, shadow or color. | 

We perceive the contour of objects when they are markedly 
different in brightness from their background. Since most 
large objects on the street at night are darker than their back- 
ground we perceive them usually as silhouettes. 

Contrasts in relief are perceived when the exposed surface 
. of an adequately illuminated object presents areas of different 
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reflecting powers, or elements which are more or less favorably 
inclined with respect to incident light, or elements which lie 
in the shadow of other elements of the surface. 

We may perceive small objects by reason of their shadows 
occasioned by the interception of sharply inclined rays of light. 
Shadows of large objects are not always of value in promoting 
discernment and are often misleading as in case of the shadow 
of a telegraph pole thrown across the sidewalk. 

Color contrasts are not usually relied upon since in installa- 
tions where discernment is at all difficult, color is usually lost 
and objects are perceived more readily by other means. 

The several kinds of contrast perception are suggested in 
Figs. 1a and 1B, made from a series of photographs of test tar- 
gets. These have been located successively in six representa- 
tive positions between lamps in the street shown in Figs. 8 
and 9. Fig. 1А shows the lighting effects by the centrally mount- 
ed lamps shown in Fig. 8. Fig. 1в corresponds with Fig. 9. 
The targets are substantially the same color as the street sur- 
face. It is to be noted that those which are most clearly re- 
vealed receive the least light and are silhouetted against their 
background. Those least distinctly revealed receive on the 
observed surfaces about the same light as their background. 

Contrast perception is the ruling visual process with which 
street illuminations is concerned. To increase contrasts on 
surfaces to be seen is to better conditions for vision. 


SoME CONSIDERATIONS WHICH ARE OFTEN IGNORED 


In much of the literature of street illumination, curves of 
illumination intensity form the principal basis of judgment 
as to effectiveness. There is a tendency to over-emphasize 
the importance of incident light to the prejudice of other im- 
portant considerations. Three of the principal considerations 
which are not emphasized directly by study of illumination 
intensity curves are presented in the following paragraphs. 

Silhouette Effect.* When the writer directed attention to 
the silhouette effect in 1910, there existed but little apprecia- 
tion of its importance. During the five years which have 
intervened there has gradually developed a greater apprecia- 
tion of the extent to which it enters into conditions of visibility 
in street illumination. Yet its very general applicability even 


“Ап Unrecognized Aspect of Street Illumination, Millar, Trans- 
actions I. E. S., 1910, page 546, 
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now is unrecognized by some engincers. There is an impression 
that only in lighting of very low intensity is it the prevailing 
method of discernment. As a matter of fact the silhouette 
effect is pronounced whenever there are bright street or build- 
ing backgrounds. А photographic under-exposure of any 
street in the daytime shows objects as silhouettes. The casual 
glance of an automobile driver corresponds roughly with such 
an under-exposure. The majority of observations of large 
objects on the streets in our more intensely lighted thorough- 
fares, especially in the practise of automobile drivers, falls 
under.this heading, because a driver is concerned primarily 
with avoiding obstacles and usually looks carefully enough only 
to detect the presence of pedestrians and other objects. Usually 
he sees these as dark objects silhouctted against the lighter 


---- Horizontal Intensity 
—— Effective” Brightness 


CANDLE POWER PER $0.СМ 


FEET 


Fic. 3— CURVES OF BRIGHTNESS AND ILLUMINATION INTENSILY 


street surface or building surfaces. The pedestrian too obtains 
distant views of large objects as silhouettes, but as he moves 
more slowly and approaches objects more closely, he has op- 
portunity for closer observation, and in the тоге brightly 
lighted streets supplements discernment by silhouette with 
actual observation of surfaces in relief. 

Figs. 5a and 5в show illustrations made from the original sil- 
houette photograph illustrating the importance of this effect 
in street lighting. 

Nature of Street Pavement. Modern streets which require 
greatest care in lighting are traversed by automobiles. The 
majority of them are paved with asphalt, asphalt block, wooden 
block, treated macadam, etc. As a result of automobile traffic 
such pavements become oiled and polished. The high spots 
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of the pavement then reflect specularly. Fig. 2 is a night 
view of a part of Columbus Circle, New York City. The 
pavement is wooden block. The street in the immediate fore- 
ground of the picture is not traversed by vehicles. The pave- 
ment in the outer ring of the circle, which appears in the middle 
of the photograph, is traversed by vehicles and has become pol- 
ished in the manner described. It reflects specularly and its 
brightness as viewed is due largely to distant lamps. 

Figure 3 shows measurements of horizontal illumination 
intensity and of brightness at the angle of an automobilist's 
view. The broken line shows horizontal foot-candles as meas- 
ured on East 80th Street, New York City. This has an ordi- 
nary asphalt pavement and is illuminated by multiple еп- 
closed arc lamps 365 feet apart. The continuous line shows 
brightness values. It will be noted that whereas the foot. 


Fic. 4—Curves or BRIGHTNESS AND ILLUMINATION INTENSITY 


candles vary in the ratio of 46 to 1, the brightness varies in the 
ratio of 8 to 1. This ig a street in which automobile traffic 
forms but a small part of the total traffic. 

| Figure 4 shows corresponding data for upper Seventh Avenue, 
New York City, which is a street largely traversed by auto- 
mobiles. The street is paved with block asphalt; the horizontal 
foot-candles vary in the ratio of 10 to 1. The effective bright- 
ness varies in the ratio of 2 to 1. The impression of uniformity 
which one derives from a trip through the street is expressed 
by this brightness ratio rather than by the foot-candles ratio. 
On this Street, which is of the boulevard, central parkway type, 
there are three lines of lamps. The linear spacing of the lamps 
15 about 125 feet. As the street is fairly level, a great number 
of these lamps is within view at a given time. The street sur- 
face consists largely of small polished areas which reflect specu- 
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larly. In driving through the street one sees reflected in these 
small polished areas imperfect images or part images of dis- 
tant lamps. Notwithstanding the rather wide spacing and 
marked non-uniformity of illumination intensity, the effect 1s 
one of remarkable uniformity of lighting. In driving one 
looks at the street surface 200 feet or more away, and the sur- 
face which he sees is rendered bright by lamps which may be 
one-quarter, one-half or even one mile away. Consequently 
the surface between lamps viewed from this angle 1$ almost 
if not quite as bright as is the surface near or directly under 
the lamps. | 

Any street which is largely traversed by automobiles, and 
which has pavement of the types named above, is likelv to 
appear rather dark because of the oil which is deposited upon 
it from automobiles. It is, however, a most favorable surface 
for street lighting purposes because of its tendency to reflect 
specularly. It was found that Seventh Avenue, New York City 
described above, has three to four times the effective bright- 
ness per lumen of incident light as another prominent thorough- 
fare which 1s paved with Belgian block. 

Fig. 11 which will be referred to in another connection, 
an additional example of this effect as encountered in a country 
road paved with treated macadam. Here lamps are spaced 
.900 to 900 feet apart. The roadway between lamps, from 
the driver's point of view, is well illuminated due in part to 
its specular character. 

Recognition of the fact that modern streets are likely to 
be characterized by more or less of this specular quality neces- 
sitates important alterations in some of the theories regard- 
ing street lighting which have prevailed in the past and which 
are held at the present time by some engincers. 

Relation between Lamps and Street Surfaces. The effect of 
glare in street illumination is dependent primarily upon: 

1. The extremes of contrast within view; that is, contrast 
in brightness between the light source and the illuminated 
surfaces. 

2. The visual angle separating the glaring source from the 
observed surfaces. 

3. The portion of the field of view which is illuminated. 

Glare militates against good street illumination, first in de- 
creasing ability to sce, and second, in rendering unpleasant 
the appearance of the installation and the street. Insofar as 
it reduces visual power it manifests itself in three ways: 
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First, actual diminutions in ability to perceive small con- 
trasts in the presence of a bright light source. 

second, distraction of attention as a result of which small 
contrasts may not be perceived when viewed casually. 

Third, a temporary dazzling effect which persists for a few 
moments after a bright light source 15 viewed directly. 

Figs. 54 and 5в illustrate the effect of glare. In Fig.5a the 
nearby light source is removed. In Fig. 5B the presence of the 
ight source distracts attention from the automobile and the 
view is rendered less pleasant. In fact there is a little dis- 
comfort involved in looking at the automobile. Nevertheless 
if one deliberately dispells the idea of the glaring source from 
his mind and concentrates on the automobile, it can be seen 
just as well in either illustration. These pictures further illus- 
trate the importance of securing adequate separation between 
the light source and the observed object, the distraction due 
to the light source being greater relatively when the picture is 
held at a distance from the eye and the visual angle between the 
source and object is decreased. 
| На single brilliant light source, as а bare Mazda С lamp 
I$ located over a dirt road in the country, the glare is very 
bad. If the lamp is raised to a greater height or moved to one 
side of the road, or if the lamp is enclosed in a diffusing globe, 
the glare is lessened. If a number of additional lamps are 
Strung beyond it along the road, the glare is further reduced. 
If the lamps, instead of being located over a dirt road, are 
located over a treated macadam road, or better still, over an 
asphalt road, the glare is less serious. Light colored build- 
Ings along the street also assist reducing the glare. In short, 
anvthing which reduces the contrast between the light source 
m. road suríace, or which increases the illuminated area 
pa S or which separates the bright light source from 

= Surface, reduces the effect of glare. 

" M . studied that part of the effect of glare which 
licht Mi е reduction in the ability to see, using a single 
2. 4. а dark room. He found under these exagger- 
2 ns that а large reduction in visual power could be 

Presence of a bright light source close to the center 


0 Ар 

f the field of vision. In 19144 working with others on the 
*" Ап Analysis of 
urnal of Franklin In 
t Electrical Review a 


Illumination Requirements in Street Lighting" 
stitute, 1910. 


nd Western Electrician, March 6th, 1915. 


Jo 


1388 MILLAR: ILLUMINATION OF STREETS [ June 30 


campus of the University of Wisconsin, he pursued his re- 
searches, and has given preliminary publication to some very 
interesting results. In this latter research he emploved from 
two to four lamps mounted at various heights and with various 
spacing intervals over a dirt road about 350 feet long. It is not 
proposed at this time to enter into a discussion of these tests, but 
it may be noted that the only conclusions which they can in- 
dicate are those which would apply to a short stretch of dirt road. 
The modifications introduced by street pavements of better re- 
flecting qualities, by building along the street, and by a greater 
length of illuminated street, have no part in this research. This 
is a serious limitation, because the effect of glare in street light- 
ing is very largely reduced by each of these three factors. The 
two researches make available valuable information which has its 
bearing upon street lighting principles. If, however, the data are 
considered without due regard to the limitations under which 
the tests were made, there 1s danger of forming an exaggerated 
idea of the importance of adopting measures which will reduce 
the effect of glare by decreasing the brightness of light sources 
to low values. Since the problem is really one of reducing 
contrast between the light source and the illuminated surfaces, 
the more constructive way of accomplishing the desired end 
is to increase the brightness of the illuminated surfaces rather 
than to dim the light sources unduly. Excessive brightness of 
light sources must of course be reduced. It is common ex- 
perience that a simple diffusing globe accomplishes this reason- 
ably well under most conditions. Too great reduction in the 
brightness of the light source is unsatisfactory psychologically. 
We like a bright light source—we are dissatisfied with illumina- 
tion in which a bright light source is not visible. Therefore 
the thing to do 1$ to eliminate glare by increasing the bright- 
ness of the street surface, and where desirable, that of surround- 
ings, and by reducing the brightness of the light sources moder- 
ately throughout the angles at which they are viewed. 

With these considerations concerning the importance of the 
silhouette effect, specular reflection from pavements and glare 
well in mind, we may proceed to a discussion of the variables 
of street illumination and of the several factors which the en- 
gineer must study in planning a street lighting installation. 


ILLUMINATION VARIABLES 


The effectiveness of street illumination depends upon the 
following: 
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Intensity of Light upon the Street. There is no single measure 
of intensity which serves all purposes. "The average horizontal 
intensity upon the street surface is most nearly satisfactory. 

Brightness of Street Surface. Adopting automobilist’s view- 
point as to angle and direction. 

Relation between Lamps and Street Surface. Visual angle be- 
tween the two, and extremes of contrast encountered. 

Contrasts Produced on the Street Surface and on Objects on the 
Street. This is largely a function of the direction of the light. 

Portion of Total Field of View Illuminated. This may be 
afiected either by the number of lighted lamps within view or 
by the area of surface which is illuminated. 

Appearance of Installation and of Street by Day and by Night. 
Lamps, fixtures, light distribution, etc. 


INSTALLATION FACTORS 


Each of the foregoing variables upon which street lighting 
effectiveness depends is affected by four or more principal in- 
stallation factors. These are listed in the first column of 
Table 1, in which the variables are given as column headings. 
The purpose in presenting this table is to emphasize the com- 
plexity of the street illumination problem and to indicate the 
manner in which the several elements are interconnected. Con- 
sider, for example, street surface brightness as a variable in street 
illumination. The table indicates that brightness depends 
upon the power of the lighting units, the number of lighting 
units per mile, the kind of lighting accessories employed, the 
location of lighting units, the nature of the street pavement 
and the nature of the surroundings. Alteration in any one of 
these conditions may influence the brightness of the street and 
therefore the effectiveness of the street illumination. Ап еп- 
kineer who considers any one installation condition must ap- 
preciate that his decision may be far-reaching in its influence 
upon the effectiveness of the lighting, since every installation 
factor influences a number of these variables. Every street 
presents its own problems, and the utmost effectiveness of 
street illumination for a given expenditure is had when each 
factor is applied with due regard to the relations set forth in 
this table. 
бы to discuss these several elements of the prob- 
1. песеззагу to generalize, and this in spite of the fact 

€ great differences in streets of the several classes listed 
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on page 1381 makes generalization difficult. Nevertheless it 
is hoped that a general discussion of the influence of each 
factor upon the several variables will be of value, particularly 
since it is proposed to note principally those features in which 
recent experience has suggested some new consideration. 


SIZE OF LIGHTING UNITS AND SPACING INTERVALS 


Power of Lighting Unit. There is now a general tendency 
toward the adoption of more powerful lamps of one of the three 
types listed in Table II. Thesedata are available through the 
courtesy of the Lamp Committee of the Association of Edison 
Illuminating Companies; in large measure they are authorita- 
tive for lamps of the period stated and equipped as indicated. 
Of the above illuminants the flame arc lamp and the multiple 
Mazda C lamp depreciate in candlepower 20 to 25 per cent 
throughout life. The magnetite lamp and thé series Mazda C 
lamps do not change materially throughout life. 

Large Versus Small Illuminants. The cluster of lamps em- 
ployed so largely in ‘‘ ornamental or white way” lighting dur- 
ing the past five years has yielded favor in most recent installa- 
tions to the single illuminant or less frequently to twin illum- 
inants on one post. 

The effectiveness of the light, other things being equal, is 
dependent upon the choice as between many small lighting 
units and few large lighting units. In favor of the small illum’ - 
nants it is urged that greater uniformity results from their 
use; that they may be mounted lower, thus avoiding shadows 
from trees, etc; and it is added that when small illuminants 
are mounted low, a larger percentage of their total flux is dis- 
tributed over the street surface. On the other hand, it is argued 
in favor of large illuminants that they are relatively less costly 
per mile, and that usually the appearance of a street lighted 
by them is more pleasing. 

There are two considerations not usually urged in this con- 
nection. The first-is discussed in more detail under the sub- 
ject of location of lighting units. Large illuminants are favored 
from this viewpoint because they may be placed well out over 
the middle of the street, where the specular reflection from 
Street surfaces allows the light to be applied in a more favor- 
able direction than that from small illuminants which usually 
are Mounted low over the curb. Fig. 11 is an excellent illus- 
tration of the advantageous use of large units in lighting a country 
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road. Тһе lamps are placed 500 to 900 feet apart and 18 to 
25 feet high. The effect is good for automobile driving pur- 
poses. An example of ineffective use of small illuminants will 
occur to all who can visualize a wide, wet street with lamps 
over both curbs. The lighting of the street surface consists 
of a few bright streaks near the curbs, while the middle of the 
street is dark. Fig. 6 illustrates this effect upon a dry pave- 
ment. Аз modern street pavements are extended, and auto- 
mobile traffic increases, the advantages of mounting lamps well 
over the center of the street tend to increase, and the disad- 
vantages of small illuminants mounted low over the curbs 
tend to become more apparent. | 

The second consideration was brought out prominently last 
vear by the Street Lighting Committees of the National Electric 
Light Association and the Association of Edison Illuminating 
Companies. It was shown that within reasonable limits, uni- | 
directional light is to be preferred to multi-directional light 
because it enhances contrasts upon which discernment is de- 
pendent. Objects and surface irregularities are seen more 
surely by uni-directional light than by light coming from a 
number of directions. From this it follows that, other things 
being equal, the revealing power of a few large illuminants is 
greater than that of many small illuminants, especially if the 
latter are staggered along both curbs. 

While these considerations do not clearly indicate the de- 
sirability of large units, they do add weight to the arguments 
in their favor. 


LIGHTING ACCESSORIES 


Improved Distribution. The most desirable distribution of 
light depends largely on the nature of the street surface and on 
the character of the street. Hence there is no such thing as 
a correct distribution characteristic for all street lighting. The 
prismatic refractor is successful in providing a distribution 
characteristic which for a vertical plane conforms to the theo- 
retical requirements as laid down by some engineers. In other 
forms it will doubtless provide different distributions as re- 
quired. It is an admirable device so far as re-direction of 
light is concerned. However, it is objectionable in some forms 
because of excessive brightness, due to its small size. Also 
when combined with the casings with which it is usually em- 
ploved, its appearance is not attractive. Probably in the 
evolution of this useful device these objections will be overcome. 
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The same considerations which underlie the design of the 
refractor, namely the desire to increase the intensities on street 
surface at a distance from the lamps, would appear to favor the 
adoption of assymetrical horizontal distributions whereby 
light which normally is delivered upon surfaces lving along the 
sides of the street, is directed upon the street surface. Light- 
ing accessories to accomplish this purpose have been devised 
but thus far have not received the extensive trial which their 
theoretical advantages would appear to warrant. 

Diffusing Globes. The employment of diffusing globes to 
decrease brightness of light sources in the street has become 
more general in recent years. Perhaps the extreme example 
in the way of increased size of such globes is found in the Wash- 
ington, D. C. installation of ornamental magnetite lamps, in 
which 28-inch built up alabaster globes of rather high density 
are employed. (See Fig. 7). As compared with the use of a 
clear globe or of a lamp with no globe, a diffusing globe of fairly 
large size is usually desirable because it improves the appcar- 
ance of the lighting unit, renders the appearance of the street 
more pleasing and promotes good conditions of visibility. 

It is desirable to secure the best possible balance between 
low light absorption and good diffusion when selecting diffus- 
ing globes. Test data on these two characteristics are of im- 
portance and should not be neglected. Because of neglect of 
simple and inexpensive tests of commercially available glass- 
ware, globes are being installed which do not accomplish the 
purposes in view so well as would other glassware. These either 
absorb a larger percentage of light than is necessary to secure 
the desired degree of diffusion, or else diffuse less well than need 
be, considering the amount. of absorption. 

Protection for the Eyes. At first glance it would appear that 
street lighting purposes would be served admirably by a light- 
ing accessory which would concentrate a large proportion of 
the light flux upon the street surface while directing but little 
light at those angles which fall near the center of a field of 
vision in a given installation. However, certain difficulties 
operate against the success of such a scheme. With practic- 
able mounting heights, spacings have to be short if this is to be 
successful in illuminating the entire length of the street. The 
general direction of the light in such an installation is much 
more largely downward than 1s usually the case. Wherever 
there are sufficiently short-interval spacings to allow of such 
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an installation, there usually exists a requirement for lighting 
the building fronts. In such installations the relatively high 
intensities on the street surface, together with the large areas 
of considerable brightness which present themselves to view, 
render the glare negligible when ordinary diffusing globes are 
used. That is to say, in the only installations where it is prac- 
ticable to use such devices, their eccentric distribution char- 
acteristics are unnecessary. Where the surroundings are such 
that the lighting of building fronts is undesirable or unneces- 
sary, spacings are usually too great to admit of the use of such 
devices, because their illuminating range is too small. Also 
considerations of street surface characteristics, discussed else- 
where, suggest that suppression of light at say 80 deg. may do 
more harm by lessening the pavement brightness than can be 
compensated by decreased brightness of source. 


LOCATION OF LIGHTING UNITS 


Comprehended under this heading fall such subjects as 
height, transverse location and spacing. In most city installa- 
tions these aspects are standardized for a particular street. 
In lighting of interurban roadways, lamps are sometimes located 
in accordance with best judgment, varying considerably in all 
these particulars. 

Location Transverse of Street. As between center and curb 
locations there is a considerable difference. In the first place 
with lamps located over each curb, the street appears much 
wider, as is illustrated by a comparison of Figs. 8 and 9 which 
are alternate test installations of the N. E. L. A. and A. E. I. C. 
Street Lighting Committees. 

In the lighting of important city streets this is usually a de- 
sirable condition. The lamps mounted over the curbs likewise 


illuminate the sidewalks and the fronts of buildings better | 


(See Figs. 16 and 19). When, however, the lighting of the 
roadway becomes of first importance, as in streets of the 3b 
class, the best use may be made of the light by locating the 
lamps as nearly as practicable over the roadway so as totake 
full advantage of all specular reflection from the street surface. 
(See Figs. 11 and 6). 

Height. In regard to heights of lamps there is also a wide 
difference in requirements, depending upon the character of 
the street. In some of the latest practise, powerful lamps are 
located 14 to 18 feet over the curbs on business streets. These, 
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however, are backed by light colored buildings and the entire 
surrounding is so brightly lighted that the glare is not bad. 
With lamps over the middle of the street the background is 
usually the dark sky, and usually there are not light colored 
buildings to relieve the general darkness. Under these con- 
ditions the opportunity for glare to become serious is con- 
siderable and it is therefore necessary to locate the lamps rather 
high. The improvement realized in increasing the height of 
lamps of moderate power from 18 to 20 feet is considerable, 
while the improvement in increasing the height from say 27 
to 30 feet is not very great. The curve of glare falls off rapidly 
with increasing separation when the separation between the 
light source and the observed surface is only a few degrees. 
Around a lamp which has a dark background there is a zone 
of halation within which objects tend to become invisible. 
Once outside this zone, the glare effect falls off less rapidly. 
It is very important to mount the lamps high enough to insure 
that the separation from the street surface is at least sufficient 
to avoid this zone of serious glare. 

Power of Unit as Related to Glare. Other things being equal, 
the objectionable effects of glare are greater when the light- 
ing units are more powerful. Hence it is approved practise 
to mount the more powerful units higher than less powerful units. 

Such a lack of separation is responsible for the serious glare 
illustrated in Fig. 10. An arc lamp is located over the inside 
of a curve іп a road obscuring the roadway beyond. The angle 
of separation between lamp and roadway is about 3 degrees. 
Fig. 11 shows the same road but with a lamp located over the 
outside of the curve and separated from the distant roadway 
by about 20 degrees when viewed as in driving. It must be 
recognized that a bright light source obscures its immediate 
background. This obscuration is greater if the light source is 
brighter or more powerful, and is less if the background is 
brighter. In country roads or park drive lighting such obscuration 
is often very serious. The: illustrations in Figs. 10 and 11 
indicate one good way of overcoming this difficulty. Весор- 
nizing the truth that under such conditions the bright light 
sources will obscure a certain region of the field of view, the 
source is so located that the background which it obscures 
is one which it is not important to see and that the surface 
which it is desired to see is sufficiently separated from the 
glaring light source to avoid difficulty. 
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Spacing. All features of an installation should be treated 
in such a way as to avoid dark areas between lamps, coupled 
with low mountings for very bright and powerful lamps. To 
avoid ineffective results due to multi-directional light which 
reduces contrasts, spacings need to be greater when the lamps 
are staggered along both curbs than when they form a line 
along one side or over the middle of the street. The best 
spacing would appear to be contingent upon the kind of pave- 
ment employed and the nature of the surroundings. All the 
other factors should be so handled that in driving, one will 
not encounter the bad condition of a bright light source pre- 
venting an adequate view of the surface of the street beyond it. 

Fig. 12 illustrates the very excellent practise which is some- 
times followed in the City of New York, in locating lamps for 
street lighting. Lamps which are temporarily installed may 
be raised and lowered; those mounted from the mast arm post 
may be placed nearer to or farther from the curb, and those 
in the center parkways may be moved about at will, the posts 
being mounted in rock-ballasted barrels. A crew of men 
locate the lamps in the trial installation as directed by the 
engineers in charge and the locations which appear to give the 

best illuminating effects are arrived at. Photometric tests are 
then made to show the results obtained and to afford a basis 
for the planning of other installations. 


THEORETICAL CONSIDERATIONS WHICH HAVE NOT BEEN 
DEMONSTRATED 


| Color. In street illumination where intensities are low, it 
1s believed by some engineers that white light is more effective 
than yellow light. According to this view, objects are revealed 
With greater definition; smaller contrasts may be perceived, 
and there is less suggestion of haziness in the atmosphere when 
White light is employed. In accordance with the Purkinje 
effect there would appear to be some basis for this theory, 
since 1t is well known that at intensities of the order of 0.01 
foot-candles, we see almost exclusively by rod vision and the 
maximum of the ocular luminosity curve is removed toward 
the blue end of the spectrum. Whether or not this effect is 
present in street lighting is one of the interesting subjects of 
speculation at the present time. 

Whether or not white light possesses advantage for low in- 
tensity street lighting due to ocular peculiarities, it is certain 
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that it is preferred by many for high-class street lighting on 
the ground that it 1s more suitable, pleasing and dignified than 
is yellow light. This 1s perhaps a matter of color association 
and is surely a matter of taste. It therefore hardly finds place 
in a discussion of this kind, and is merely mentioned in passing. 
“ Animation" of Light Source. It has been suggested that 
the slight fluctuation of light which characterizes arc lamps 
possesses some advantage for street lighting purposes over 
the steady glow of the incandescent lamp. So far as the writer 
knows, no demonstrations have been undertaken, and it has 
not been shown that this speculation has any basis in fact. 


GENERAL STATUS OF THE PROBLEM OF STREET ILLUMINATION 


There is an important consideration suggested in the first 
paragraph of this paper. As more money is expended on 
street lighting and as more efficient lamps are made available, 
the intensities of light in streets become greater. As the in- 
tensities increase, the requirements for the best possible appli- 
cation of light to promote good visibility conditions become less 
severe and the requirements for application which improve 
the appearance of the street become more urgent. From the 
standpoint of rendering visible the street and objects upon it, 
the lighting of suburban automobile roads where but little money 
is available for installation and operation offers the best test 
for the engineer’s skill. In first-class streets we have already 
progressed to the point where aesthetics assume large impor- 
tance. This does not mean, however, that the problems of 
street lighting are becoming less difficult; 1t means simply that 
the problems are becoming more involved, and broader com- 
prehension of the fundamental principles of street illumination 
is becoming more essential. 

Appendix. In the appendix will be found some statistics 
of very recent installations in streets of several classes show- 
ing practise in this country as of the early part of 1915. These 
are accompanied by a few illustrations. 

Acknowledgment. The author wishes to express his indebted- 
ness to a number of gentlemen who have kindly supplied some 
of the photographs for illustrations and the statistics which are 
utilized in this paper, and who are too numerous to permit 
of individual mention in this connection. 
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THE CLASSIFICATION OF ELECTROMAGNETIC 
MACHINERY 


BY F. CREEDY 


ABSTRACT OF PAPER 


The author proposes to classify all dynamo electric machinery 
according to five sets of characteristics, as follows: 

Type of field, as constant intensity, variable intensity, 
multiple polarity and homopolar. 

2. Method of disposal of secondary power, which may be zero 
wattless, utilized in separate apparatus or transformed and re- 
turned to the line. | 

3. Use of commutators, which may be on either the primary 
or the secondary, or may be absent. 

.4. Method of magnetization, namely, high frequency magne- 
tization as in the ordinary induction motor and low frequency 
magnetization as in synchronous and compensated motors. 

.9. Method of connection. Many types may be connected 
either in series or shunt. А tabulation of these characteristics 
is given, by reference to which any dynamo electric machine can 
be classified. 


É FOLLOWING paper is an attempt to arrive at a nat- 

ural classification of the electromagnetic machine. One 
of the principal uses of such a classification is to bring out the 
common points of different types which are usually regarded as 
totally distinct even though they are almost identical from the 
constructional standpoint, and to reduce their differences to 
proper relative proportions. The disadvantage of a paper on 
classification like the present is, of course, that one is reduced to a 
somewhat bare catalogue of possible types and their characteris- 
tics, whereas the real interest of the subject lies in the detailed 
description of the more important ones. We may preface our 
discussion by a few general remarks. | 

l. No discussion will be attempted of homopolar machines 
which form a class entirely apart from all others. 

2. While almost all the machines described may be used as 
generator or motor, they will in practise be used only as motors, 
since the requirements of a generator are so uniform that there 
is no scope for a large variety of types, while the infinite 
variety af industrial work gives rise to a corresponding variety 
of types of motor. In generators the tendency is to uniformity 
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апа in motors to variety, and hence our subject might almost as 
well be called ““ The Classification of Electric Motors.” 

3. For a similar reason, viz., the powerful tendency towards 
standardization, and the necessity for one system of distribution 
catering to a vast variety of applications, together with the 
urgent necessity of economy due to the great length of transmis- 
sion lines, we may dismiss from our minds the likelihood of new 
and more complicated systems of transmission arising, although 
several such are imaginable, and confine our attention to machines 
operating from standard direct-current, single or polyphase 
Systems. 

4. Of the two distinct constructional forms in use, viz., 
the type having uniformly slotted stator and rotor and a con- 
stant air gap all round, and the salient pole type, we shall consider 
the former as universal and ordinary, and the latter as a special 
case applicable to certain types only. 

9. In all the discussions below, unless a statement to the con- 
trary is made, we shall treat our machines as “ideal”, т.е. 
entirely devoid of all losses and leakages. 

6. Theories come and go, while the machines we wish to 
classify remain the same. Our methods of classifications should 
be of a fundamental nature and should not owe their validity to 
the acceptance of a particular theory, nor should they be unin- 
telligible to those who have not gone through a particular course 
of study. They should be based either on constructional fea- 
tures, where these can be proved to have a general significance 
and not to be accidental, or on mechanical considerations in con- 
nection with torque, power and energy. These considerations 
apply to nomenclature also, and should render us very conserva- 
tive in inventing new names for old apparatus. 

A well understood name, even though based on an obsolete 
theory is usually better than a new name based on a theory which 
may become obsolete in its turn. 

Having cleared the ground by the above considerations we may 
proceed to our main subject. 

We shall regard the induction machine or “ И alternat- 
ing current transformer,” as Steinmetz calls it, as fundamental, 
and shall proceed to derive all other types from it. 

Our general dynamo electric machine, then, consists of two 
concentric magnetic elements, separated by an air gap, and capa- 
ble of relative rotation. Each of these elements bears a number 
of conductors disposed next the airgap in slots parallel to the 
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shaft. The conductors of one or both elements are interconnected 
in such a way as to give rise to a definite number of poles, 
conductors being led off from the stationary element direct to the 
line, save in a few cases where it is short-circuited. The rotor 
may be of three distinct types (a) short circuited (b) fitted with 
collector rings (c) fitted with commutator. Every type of 
dynamo electric machine whatsoever with the exception men- 
tioned above may be built in a form covered by the above de- 
scription and the differences between different types consists 
merely of differences in the method of connection to the line and 
of connection between rotor and stator. 

We have next to classify these types of connection and show 
why they are required. In order to do this we must first con- 
sider our electric system as a machine. From the mechanical 
point of view then, the generator is a gearing which transmits 
the motion of the prime mover to the polyphase line, changing 
the power given out by the prime mover from the mechanical 
form to that of a rotary system of electrical stresses revolving 
at a definite speed, say of 25 or 60 cycles, (or revolutions) per 
second. The polvphase line we may compare to a mechanical 
line shaft transmitting the power to a distance and the motor 
to another gearing, retransforming the power into a mechanical 
torque operating at a certain speed. 

What will this speed be? To determine this, consider the 
following relation which it is well known exists between the 
speed and primary and secondary frequencies of the induction 
machine. Speed (rev. per sec.) X no. of pole pairs = difference 
between primary and secondary frequencies (cycles per sec.) 
or mechanical speed of rotor equals speed of wave relative to 
stator, minus speed of wave relative to rotor, 


T. S-W(ü-f2 (1) 


where W is twice the polar pitch. 
These equations show that we cannot tell the mechanical speed of 
the rotor unless we know the rotor as well as the stator fre- 
quency. Multiplying both sides of this equation by the torque 
we get T multiplied by mechanical speed equals Т multiplied 
by speed of wave relative to stator minus Г multiplied by speed 
of wave relative to rotor; or, mechanical output equals primary 
electrical input minus secondary electrical output. (2) 
This equation shows that besides the mechanical power and 
the electrical input into the primary, there is a certain amount of 
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power generated in the secondary proportional to the secondary 
frequency. The above simple considerations bring us to our 
first principle of classification. It has been emphasized above 
that the motor 1$ a device for changing electrical power incoming 
from the line into mechanical power, and hence the existence of 
this secondary power raises a series problem—what to do with it. 
We shall classify our machines first according to means adopted 
for disposing of the secondary power. A substantially identical 
principle for adjustable-speed motors may be deduced from the 
equation (1) above. 

This equation shows that the speed can only vary 

1. Ifthe primary frequency varies, 

2. Ifthe secondary frequency varies, 

3. Ifthe number of poles varies, 


and we may classify adjustable speed motors according to which 
of these means is adopted to vary the speed. Before proceeding 
further we shall develop a mechanical analogy between our in- 
duction machines and certain types of epicyclic 
or differential gears which is capable of being car- 
ried into considerable detail, and throws a great 
deal of light on the real nature of many arrange- 
ments of machines. This analogy enables us to 
abstract entirely from the electrical features of the — ZZZzzzz 
problem and consider power and torque alone. р. 1 
We shall show also, that we compare the relative 
speed of the two elements of our machine to the speed in revolu- 
tions per second of one shaft of a differential gear, and the 
frequencies in the two members to the speed of the other two 
shafts, the above relation between speed and frequencies cor- 
responds to that between the speeds of the three independent 
shafts of the differential gear. Such a gear is shown in Fig. 1. 

If the shafts A, B and С” go at speeds of A rev. per sec., B rev. 
per sec., and C' rev. per sec. respectively, it is well known that 
С’ vill beikemean ОГА and В, ог C' = 5 (A + В). 

If therefore, we gear another shaft C to the shaft C ' so that 
the speed of С is twice that qq С’, "бог С’ = $C, we shall have 


a 
QHZ 


WS 


MN 


AWZ 


N 
M 
м 
= 
= 
Ld 

i 
> 


27 A+B 
_, B=C-A 
) A=C-B 


Or, in order to introduce a constant, corresponding to the 
* number of pole pairs ” in the electric machine, we may sup- 
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pose В ог А geared to another shaft by gearing of any desired 
velocity ratio. 

The point of particular interest to us about this gear is the 
fact that the equation, regulating the speeds, contains three 
potentially independent variables, so that it is necessary to 
know two of them before we can determine the third. For 
instance if we know А we cannot find B unless we also know С. 
In the electric case, if we know the primary frequency of an in- 
duction motor, for instance, we cannot tell the speed, until we 
know the secondary frequency also. It will be useful to develop 
the analogy between a differential gear and an induction motor 
somewhat further. Let us put: 

Primary frequency = А = speed of driver shaft of differential. 

Mechanical speed = В = speed of driven shaft of differential. 


Secondary frequency — C - speed of intermediate shaft of 


differential. 


We then have: В = C — А in both cases, if we suppose our 


induction motor has two poles. 


So long as C, the intermediate speed or secondary frequency, 
remains unsettled, we cannot tell what B will be. 
We may take a number of suppositions relating to these which 


are tabulated below: 


ELECTRIC CASE 
Secondary open circuited. 
Machine can deliver no torque, 

but can run at any speed without 
opposition, if driven. 


Secondary short circuited through 
zera resistance. 


Machine can run at same speed 
as А and deliver same amount of 
power as flows into primary. 

Secondary, neither open nor short- 
cited but closed through а fixed re- 
sistance R there being no secondar:' 
leakage. 


Torque is proportional to the 
secondary current, which is equal 
to the secondary e.m.f., divided 
by the resistance. 

Secondary e.m.f. and, therefore 
current is proportional to second- 


MECHANICAL CASE. 
Shaft C free. 
B can deliver no torque, but 
can run at any speed without 
opposition if driven. 


C. Fixed. 

B runs at the same speed as A, 
and delivers same amount of 
power taken in at A. 

C. neither. fixed nor free but its 
power output consumed by a brake 
giving a torque proportional to the 
speed at which $t $s driven and con- 
s ming power therefore proportional 
to ‘he square of the speed. 


The torque of each of the three 
shafts must be equal, for multiply 
the equa ion В = C — А by the 
torque 7, required by the load, 
and we get: То B = Ту C — Т, A. 

This equation can only be con- 
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ELECTRIC CASE MECHANICAL CASE 
ary frequency, or say То = А С sistent with the conservation of 
as in the Mechanical case. energy, if Ty is also the torque of 
Т, the other two shafts. 
Thus ме get В = — — A, In this case: ` 
K T, B = Output of driven shaft. 
exactly the same torque speed То С = Output of intermediate 
characteristic as in the mechanical shaft. 
case. То А = Input of driver and 


the equation becomes true. 

If we now put: 

Torque of intermediate— Ту = 
K C in accordance with the above 
assumption, we clearly determine 
the speeds of all three shafts, for 
we now have 


This is the torque speed char- 
acteristic of our gear. 


According to this analogy, therefore, we may compare any elec- 
tric machine having a simple harmonic wave of flux to a dif- 
ferential gear, the primary input corresponding to the input of 
the driver shaft, the mechanical output corresponding to the 
output of the driven shaft, and the secondary output corres- 
ponding to the output of the intermediate shaft. 

Hence a set consisting of motor and generator may be compared 
to two such differential gears coupled together. 

Now it is well known that no combination of gearing, however 
arranged can give us a smooth and gradual speed change, the 
uttermost possible being a number of steps. Yet certain elec- 
tric machines do give this gradual speed change, since they 
embody a device which we have not yet discussed, viz: a com- 
mutator. The commutator may be regarded as the e practi- 
cal gradually adjustable gear 1n existence. 

Consider a commutator fitted with a polyphase аа 
of brushes as in Fig. 2. И polyphase currents of frequency 
fi cycles per sec. are fed in through the terminals 4, А. Аҙ and 
the commutator revolves with speed S revolutions per sec. the 
slip rings В, Вз Bs which are supposed to be equal in number to 
the commutator segments, and one being joined to each, will 
deliver polyphase currents of frequency fe = fi + S according 
to whether the commutator revolves with or against the direc- 
tion of rotation of the inflowing current. 


1915] CREEDY: ELECTROMAGNETIC MACHINERY 1405 


3 


Hence for the case of a ''two-pole " arrangement of the 


brushes on the commutator, we have 


S = + (fi — f2) 


This is particularly obvious if fi = 0. If, however, the brushes 
are connected “ four-pole " for instance as shown in Fig. 3, so 
that the slip ring which is connected to a certain segment say, 
goes through a complete cycle while the commutator turns 
through 180 deg. instead of 360 deg., the difference between the 
commutator and slip ring frequencies will be twice as great as 
before, or 2S = + (fi — fs). 


In general if 3 be the number of pole pairs for which the com- 


mutator brushes are joined 


P 
5 х = + (fi — fe) 
A1 
А1 . Bj 
B2 A2 
B3 
A3 
A2 
A3 
Fic. 2 . Fic. 3 


exactly the same equation as we had for the induction machine. 


For a two-pole machine = 1 and for a four-pole machine 5. = 2. 


In the commutator frequency converter the whole of the 
power flowing into the commutator flows out of the slip rings, 
notwithstanding any change of frequency, whereas, in the elec- 
tric machine, the power flowing into the primary divides into 
two parts, one part proportional to S appearing in mechanical 
form and the other proportional to f» appearing as electrical 
power in the secondary. From considerations of power, this 
is the outstanding difference between the two cases. 

We may now summarize the results we have already obtained. 

(1) That motor and generator form together with the trans- 
mission line a mechanism in the ordinary sense of word; that is a 
means of modifying motion and force, or in more general lan- 
guage, of changing the flow of energy. | 
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(2) That the electrical and mechanical speed-torque charac- 
teristics of the machine are those of a differential gear, there being 


a definite relation, S X > = (fı — fe) between the stator and 


rotor frequency and the mechanical speed which is identical 
with that in a differential gear. The relation between the 
mechanical and electrical speeds s, fı and f», can only be changed 
by changing the number of poles. 

(3) the primary function of the commutator is that of a fre- 
quency changer which can change frequencies arbitrarily with- 
out change of voltage or power. 


(4) The same equation, $ X $ = fı — fe, is also characteris- 


tic of the commutator which is a purely electrical differential 
gear inherently incapable of transmitting a torque. 

Hence the different types of electrical machine and systems 
of electrical transmission may be compared with a number of 
differential gears, with or without means for varying the number 
of poles, which corresponds to the velocity ratio of mechanical 
gear and with or without commutators, which may be regarded 
as the only practical form at gradually adjustable gear in exist- 
ence. Other differences which may be noted to exist are as 
follows: 

(5) Systems otherwise identical differ in their method of 
magnetization. 

(6) Several revolving ficlds may be superposed in the same 
structure as in the Hunt “ internal cascade " machine, the single- 
phase or elliptic-field machine, or the split-pole converter. 
Thus the considerations give us three principles of classification. 

(1) According to the disposition we make of the secondary 
power output or output from the “ intermediate shaft" of 
the differential gear. A parallel principle leading to approxi- 
mately the same result is according to which of the quanti- 
ties P, fi, or fs, is regarded as variable in adjustable speed 
machines. 

(2) According to the manner in which we employ the com- 
mutator in our system. 

(3) According to the method of magnetization. In addi- 
tion to this, the machines may be either generators, motors, 
converters, double current generators, phase advancers etc., 
but this really introduces no new feature as most machines 
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are capable of all or most of these functions. If our class- 
ification is exhaustive we shall find that when we have assigned 
our machines a place in each of our classes it is completely de- 
fined and nothing further remains to be specified, apart from 
constructional details. We shall avoid circumlocution if we 
define the primary as the element into which power flows from 
the line. 


First Principle. Methods of disposing of the secondary power. 


The secondary power may be made zero by making the sec- 
ondary frequency zero or as low as practicable. This is done 
in almost all the standard types of machines in wide commercial 
use. Examples of this are the following: 


1. Ordinary synchronous machines of all kinds where the 
secondary frequency is made exactly zero. 


2. Induction machines with short circuited rotor where the 
secondary frequency is made very low, and the small amount 
of secondary power generated is dissipated as heat. 


3. Direct current machines where according to the above 
definition the armature must be considered as the primary. 
From our present point of view they only differ from synchron- 
ous machines in that the alternating currents which flow in 
the windings are produced from direct current by the com- 
mutator instead of being supplied by the line. 


4. Repulsion machines (ordinary and inverted) and in fact 
all types in which all the windings on one member are short- 
circuited. How the secondary power in elliptic field machines 
may be reduced to zero without confining the machine to 
synchronous speed will be shown below. 


Secondary power may be entirely wattless, as in the single 
phase series machine. 


Secondary Power used in another apparatus (Cascade Systems). 
In this case the power flowing out of the secondary is supplied 
to a second machine which is either independent or mechanically 
coupled to the first. Examples of this are induction machines 
cascaded with other induction machines, synchronous ma- 
chines, or a-c, commutator machines. 


Secondary power transformed to primary frequency by a com- 
mutator and returned to the line. Examples of this are certain 
types of а.с. commutator machines when running at speeds 
differing from synchronism. 
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Second Principle. According to the manner of using the com- 
mutator. 


If we confine ourselves, as we are doing, to a single machine, 
the only two possible methods of using a commutator are: 

(1) On the primary as in the d-c. machine. 

(2) On the secondary as in the a-c. commutator machines 
mentioned above. If, however, as may readily be done, we 
extend our survey to groups of machines working in conjunc- 
tion as in cascade sets for instance, a large variety of further 
interesting methods of application arc revealed. А third wav 
of applying it, however, is to confine currents to a definite axis 
in space as in the repulsion motor etc. This method only ap- 
plies to elliptic field machines. 


Third Principle. Methods of magnetization. 

Two distinct methods of magnctization, may be distinguished. 

1. The primary may be the scat of the magnetizing currents 
which may be led in direct from the line as in the normal in- 
duction machine and several others. This may be called high- 
frequency magnetization and involves the appcarance of a con- 
siderable amount of reactive power proportional to the fre- 
quency in the line circuit. 

2. The secondary may be the seat of the magnetizing currents 
which тау be led in direct from the line through a frequency 
changing commutator or supplied by an exciter. This latter 
method may be called low-frequency magnetization and does 
not give rise to reactive power in the line. In order to under- 
stand the various methods of magnetization better we shall 
devote further space to the matter later on. 


CIRCULAR OR CONSTANT INTENSITY FIELD MACHINES 


To make up a complete circular-ficld dynamo electric ma- 
chine we have four clements; the line, the stator, the rotor, 
and the commutator. By making various combinations of 
these we obtain different types of machine having different 
characteristics and adapted to different purposes. Different 
tvpes of winding exist, each capable of being adapted for con- 
nection to direct current, single, or polyphase lines or to a com- 
mutator. Each of these is capable of being built for many 
different polarities. Hence when we say '' connect the line to 
the primary" we therefore assume that it is provided with an 
appropriate winding. In the following table are shown the 
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various permutations etc., of the four elements mentioned 
above which will give rise to practical machines. It will be 
seen that there are not a very great number. 

1. The Induction Machine. The simplest is that ш which 
the commutator is entirely absent and the secondary short- 
circuited, the primary being connected to the single- or poly- 
phase line and being wound in a suitable manner. In this 
case the secondary power is very small, being absorbed entirely 
by the secondary resistance, while the commutator is absent, 
and the primary winding has two distinct functions to perform, 
viz., magnetization and the production of a torque. For the 
former purpose we require a distribution of current density 
in the stator slots which is in quadrature with the wave of 
flux density, assumed to be harmonic when we assume a circular 
field. For the latter purpose the distribution of current density 
in the stator slots should be in phase with the wave of flux 
density. Hence two currents, the “ magnetizing" and *'' load" 
currents, in quadrature with one another, must flow in the 
stator winding, and this must be of the distributed type in 
order to allow of its producing an approximate sine wave of 
magnetism. Such a machine is confined to speeds close to 
synchronous. 

2. The Synchronous Machine. The two distinct functions 
which the stator winding performs in the above machine are 
separated in the next type which differs from the above solely 
in that the magnetization is of the low-frequency type and 
therefore the magnetizing currents on the secondary. Although 
a distributed primary winding is still used to diminish the leak- 
аре etc., yet it is not so essential as in the induction motor, 
since the primary has no longer to produce the magnetization. 

The secondary winding 1$ usually of the concentrated type 
since it revolves with the flux wave and does not cut it. Under 
the same heading we must include induction machines in which 
the secondary is excited by low-frequency currents from what 
is called a phase advancer. In this case the secondary power 
is not strictly zero but it 15 absorbed by secondary resistance. 

The function of the phase advancer, which is a small, low- 
frequency dynamo, is to produce a current in the secondary which 
is in quadrature with the load current and so capable of produc- 
ing magnetization. "This phase advancer may also be made to 
supply the secondary I?R loss whereupon the slip is reduced to 
zero and the machine becomes synchronous. This case only 


1 
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differs from that of the ordinary synchronous machine in that the 
position of the flux wave relative to the secondary, though 
invariable during running, may be adjusted to have any position 
instead of being fixed by the construction of the machine. 

3. Polyphase Commutator Machines. The third type having 
a commutator on the secondary may be regarded firstly as a 
mere constructional modification of the induction machine, the 
advantage of the use of a commutator lving in the greater 
flexibility attained. In fact it 1s quite clear that if the squirrel 
cage rotor mentioned above we substitute a commutator rotor 
with all the brushes short-circuited no alteration in the charac- 
teristics will be produced. 

Suppose the commutator rotor to have the same number of 
turns as the primary. Instead of short circuiting the brushes, 
suppose the stator to be fitted with a second or neutralizing wind- 
ing having the same number of turns as the rotor or the primary 
and connected in series with it in such a manner that the two 
together form a non-inductive circuit. Thus the commutator 
rotor is connected into the star of the neutralizing winding on the 
stator. 

Now suppose the polyphase line connected across rotor and 
neutralizing winding, and let us consider what happens. The 
rotor voltage is still zero since it is still running in synchronism 
with the flux, but the same e. m. f. is induced in the neutralizing 
winding as in the ordinary primary winding since the two may be 
exact duplicates of one another lying in the same slots. 

This e. m. f. therefore balances the primary e. m. f. Since the 
ampere turns of the rotor and neutralizing winding are exactly 
equal and opposite they exert no inductive effect on the original 
primary winding and it 1s therefore relieved of all currents except 
magnetizing currents and its section may be proportionately 
diminished. 

So far we have achieved nothing but a constructional modi- 
fication of the induction machine but we now begin to see how 
this construction may be turned to advantage. 

As soon as we depart from synchronism, an e. m. f. appears 
across the commutator brushes which, multiplied by the cur- 
rent, is a measure of the secondary power. Owing to the pres- 
ence of the commutator, this secondary power always appears 
at line frequency and is absorbed direct from the line above 
synchronism and returned direct to it below. Hence such ma- 
chines are capable of giving adjustable speed operation whether 
connected shunt or series, and this is their chief claim to existence. 
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4. The Direct-Current Machines. The fourth modification of 
the fundamental induction machine is that in which the commu- 
tator is interposed between the line and the primary winding and 
consequently the primary receives a frequency different from 
that of the line. The most prominent example of this class is 
the direct-current machine in which a wave of current density 
revolving relative to the primary of the machine is produced 
from the d-c. supply by the commutator. The magnetization 
which may be shunt or series is of the low-frequency tvpe de- 
rived direct from the line and of course the secondary power 
zero. Since the primary frequency is due only to the rotation 
of the machine, the machine must always notwithstanding its 
adjustable speed be of the synchronous type. If a machine of 
type 3 be run very much above synchronism the secondary 
power will be much greater than the primary, and it will gradually 
approach the fourth class which is the limit towards which the 
third class approaches as the frequency tends to zero. All those 
exciters, phase advancers, etc. adapted to deal with currents of 
slip frequency must be placed in this fourth class, though the 
distinction between the third and fourth class will be more in the 
frequency of supply relative to that of rotation than otherwise. 
In the accompanying table have been written down the various 
permutations of the different alternatives contained in our 
four classes excluding those which are obviously self contradic- 
tory. It will be seen that there are not a very great number of 
permutations and of these some are impossible or at least un- 
known while some are merely special cases of others, occurring 
only at a particular speed (synchronism). Thus, finally, of all 
the possible permutations, only four distinct tvpes of machine 
emerge—those briefly described above, all of which may be de- 
rived from one another by simple mechanical processes of in- 
version, etc. Thus starting from the d-c. machine we may 
(1) replace the commutator by a polyphase set of collector rings 
and we have a synchronous machine (2) replace the field winding 
by a squirrel cage and we have the induction type (3) invert, 
making the secondary the rotor, replace the squirrel cage by a 
commutator carrying a polyphase set of short-circuited brushes 
and reconnect the brushes in the manner described above and 
we have the polyphase commutator type. "These constructional 
modifications have one of two objects, 

(a) Adaptation to different kinds of current as when we change 
a direct-current to a polyphase machine. 
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(b) To obtain characteristics adapted to some particular 


variety of industrial work as when we change the induction to 
the commutator type. It should be recognized however, that, 


CIRCULAR OR CONSTANT INTENSITY FIELD MACHINES 


Disposition 
Name of secondary | Commutator| Magneti- |Shunt or Remarks 
power zation series 
1. Zero or ab- absent H.F. Series | Impossible or 
2. Induction ma-|sorbed by se- | unknown 
CHINE CL S io is secondary | = $ Shunt 
3. resistance " L.F. Series ] Impossible or 
4. Synchronous ma- | unknown 
ORE. cio vos я е Shunt 
5. “ оп ргїтагу H.F. Series 
6. е ж я Shunt 
7. D.c. series mach. a x L.F. Series 
8. О.с. shunt mach. z ^ s Shunt 
9. Polyphase com- | The secondary 
mutator series power is only zero 
IBS uu efe ps | ы on secondary Н.Р; Series at synchronism so 
10. do, aliut... << * 5 в Shunt these machines are 
ll.do. series com- only special cases 
pensated...... " и І.Р. Ѕетіеѕ of the next four 
12.do shunt....... " = ы Shuat 
13. Comm. series | 
mach... ......| Returned |on secondary H.F. Series 
24; Do. shout... 5 through ы ы Shunt 
Commutator 
15. Do. series com- 
pensated...... ) ы E L.F. Series 
16. Do. shunt... ... , Shunt 
17. Induction mach.| | Used in 
separate 
apparatus absent H.F. Series 
18. Cascaded with s 4 " Shunt 
19, 13, 14, 15 or 16 | ы е ” Series 
20. ) g " g Shunt 
CONVERTERS 
Absorbed by 
Induction secondary | on primary Н.Е. Shunt 
resistance 
Synchronous Zero ш L.F. ж 
Commutating 
frequency Wattless s H.F. е 
converter s " L.R. a 


Note: “ Н.Е.” is an abbreviation for '' high-frequency "апа “ L.F.” for low-frequency. 
in spite of all variations, there 1s but one dynamo electric ma- 
chine retaining its main features unchanged throughout. It is 
interesting to note that machines with series characteristics 
invariably have commutators. 


енші Google 
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CONVERTERS \ 


Various types of converters exist calling for a place т our 
classification. The function of a converter 1s essentially to 
produce a change in frequency and hence when it consists only 
of a single machine it is invariably of the commutator type. 
Such an apparatus (in the ideal case) 1s not called upon to develop 
torque and hence no secondarv power exists. Certain types of 
frequency converter are fitted with field windings whose sole 
purpose is to produce a flux. In this case the secondary power 
is wattless or reactive, the only possible case of reactive secondary 
power in a circular field machine. Converters to operate on 
constant voltage must necessarily be shunt machines. 


ELLIPTIC FIELD MACHINES 


When we come to elliptic field machines an entirely new set of 
possibilities presents itself. The secondary power in such a 
machine may be reduced to zero though neither the secondary 
e.m.f. nor current are zero. Moreover in certain cases it may 
become entirely wattless a case which cannot occur in circular 
field machines. An elliptic field machine must necessarily have 
a commutator, since any machine having a short-circuited or 
separately-excited secondary must necessarily give rise to cir- 
cular field. Owing to the present of this commutator the sec- 
ondary power when it exists appears at line frequency, and there 
is therefore no difficulty in returning it to the line or deriving it 
therefrom. In dealing with circular field machines we found 
it useful to draw a distinction between the cases in which the 
commutator was on the primary or on the secondary and we 
shall still find it useful to draw the same distinction. It enables 
us to divide our machines into two classes containing pairs of 
machines which may be shown to be exactly reciprocal to one : 
another. For instance dealing with single-phase series type 
motors we may divide them into a number of pairs as follows: 


Com- Secondary | Primary 
Name mutator Field coil coil 
Neutralized Scries \ aware Primary Stator Stator Rotor 
Compensated Repulsion f .......... Secondary Rotor Rotor Stator 
Inverted Repulsion |............... Primary Rotor Stator Rotor 
Ordinary 420 MW a eee PM Secondary Stator Rotor Stator 


Comp. Inverted $..............- Primary Rotor Stator Rotor 


Induction Series | ............... Secondary Stator Rotor Stator 
Repulsion Motor 


ooo » € * ө е е не ое э * 
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Diagrams of these machines are shown in Figs. 4, 5, 6, 7, 8 and 9. 
The last machine which I have provisionally called the com- 
pensated inverted repulsion motor is shown in Fig. 9. It has 
never been discussed as far as I am aware yet it is quite as practi- 
cal а type as any of the others and may even have some advant- 
ages. Let us now consider in what manner the secondary power 


Fic. 4 Fic. 5 Fic. 6 


is disposed of in some of these pairs of machines. In the repul- 
sion motors, ordinary and inverted, the secondary circuits are 
completely short circuited and hence the secondary power zero. 
In the neutralized series and compensated repulsion motors, as 
also in the last pair, the secondary power is used entirely for 
magnetizing and is therefore wattless. If the magnetization 


Fic. 7 Fic. 8 


is of the low-frequency type, as in the compensated repulsion 
motor, the secondary power* vanishes completely at a particular 
speed (synchronism). The distinction which we have drawn 
between machines having the commutator on the primary and on 

*It should perhaps be mentioned that by ''secondary power” we 


mean the actual power measurable by a wattmeter and not any fictitious 
quantity such as some theories accustom us to consider. 


4 
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3 and 9. 
le com- 

It has 
‚ practi- 
advant- 
y power 


1915] CREEDY: ELECTROMAGNETIC MACHINERY 1415 


the secondary merely symbolizes other important differences. 
Machines with commutator on the primary are ''pulsating 
field machines " having a field distribution of the well known type 
characteristics of the neutralized series motor, viz., having a 
definite axis fixed in space. Such machines may conveniently 
be built with salient poles. Machines with commutator on the 
secondary are ‘‘ revolving field machines " in which the field 
revolves elliptically at all speeds, becoming circular, as a rule, 
at synchronism. Such machines require an induction motor 
type of stator with uniform air gap all around. There are more- 
over important differences between the commutation of the two 
types. In the “ revolving field type," since the flux revolves 
with the armature at synchronism, the commutating conditions 
are identical at this speed with those in direct-current machines. 
In the “ pulsating field type ” of course no such conditions exist, 
hence the above mentioned distinction symbolizes a large num- 
ber of practical differences independent of any theory. Moreover 
the same distinction has been shown to be significant with refer- 
ence to all standard types of machine also. In order to discuss 
the elliptic field machines more fully it is necessary to enter upon 
their theory to a certain extent. The writer has accustomed 
himself to think in terms of a certain theory which is described 
in a treatise entitled ‘‘ Single Phase Commutator Motors ”’ 
published by him in 1913. Although this method of studying 
elliptic field motors is not at present very widely known it pre- 
sents considerable advantages, and it will accordingly be made 
use of here. The purpose of the following discussion, however, 
is purely that of explaining the two reciprocal classes of single 
phase series type motor which have been mentioned above, and as 
adds nothing further to our results may be omitted by the reader 
who is unfamiliar with the methods used, and who 15 willing to 
take for granted the reciprocity of the two classes. 


POWER CALCULATIONS IN ELLIPTIC FIELD MACHINES 


The secondary power is now the product of an elliptically dis- 
tributed e.m.f. and an independent elliptically distributed current 
which may have quite different axes from that of the e.m.f. 
The multiplication of such ellipsis has been discussed in the 
writers ''Single-Phase Commutator Motors," Appendix, p. 
108-109 where two products, the ''sine" and the “cosine ” 
product are defined as follows: Suppose we wish to multiply any 
two vecter ellipses we must resolve each into a pair of conjugate 
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diameters which will be in quadrature with one another. These 
are shown in Fig. 10 as ab and a’b’ and they must be so chosen 
that а is in phase with a’ and b with b'. If a is the angle be- 
tween a and a’ and В that between b and b’ we define the “совіпе” 
products of the two ellipses as а а” cos а + b b' cos В. If one 
ellipse represents a current distribution and the other an елп. 
distribution, then “ cosine " product represents the maximum 
power flowing due to the two, and $ (a a’ cos a + b b’ cos B)is 
the mean power. In the case, in which both ellipses reduce to 
circles, we have a = b,a' = b' a = f so that the mean power 
will be a a'cos а which is the usual expression. Since а is in 
quadrature with b’ and b with a’ we have not considered the 
products of these terms as they will give rise to purely wattless 
or reactive terms. It is quite clear that the above expression 
may be reduced to zero in many ways without either of the fac- 


Fic. 11 Fic. 12 


tors being zero and hence the secondary power of our elliptic 
field machines may be zero or purely wattless without cither 
the secondary current or e.m.f. being zero. Hence, such ma- 
chines are not restricted to synchronous speed in the absence of 
some means of disposing of the secondary power as are machines 
of the circular field tvpe. We shall now discuss some of the 
principal cases in which such a product may be zero without either 
of the factors vanishing. 

1. Ellipses similar and of similar phase and at right angles to 
one another (see Fig. 11). In this case а = В = 90 deg. and the 
product is wattless since neither а b’ nor a'b are at right angles. 

2. Each ellipse reduces to a straight line both being at right 
angles (see Fig. 12). In this case the product is accurately 
zero, not wattless, and this is the only case in which it is accur- 
ately zero except with a circular field at synchronism 


aa’cosa = —bb'cos 6 
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In this case the two ellipses rotate in opposite directions. We 
shall not come across any instance of this. Let us now consider 
what distributions of current and e.m.f. occur in some of the 
best known types of single-phase motor having series charac- 
teristics. Consider first the case in which the commutator is on 
the primary. This case includes two well known types the 
neutralized series motor and the inverted repulsion motor. 
Both of these involve a stator element which is or permissibly 
may be short circuited. 

1. Taking the inverted repulsion motor first: In the stator 
or secondary element the current flows entirely in the short 
circuited coil and will be represented by a straight line ellipse 
parallel to the axis of that coil. Since the coil is short cir- 
cuited the flux cannnot interlink it and must be therefore of 
the ''pulsating" type represented by a straight line ellipse 
perpendicular to the axis of the coil. The same ellipse may 


Fic. 13 


also represent the e.m.f. to a suitable scale if we displace the 
phase by 90 deg. Hence, in this case, the two ellipses of 
e.m.f. and current reduce to two straight lines at right angles 
and the ''cosine" product is therefore accurately zero (see 
Fig. 13). The ampere turns necessary to excite the flux, are 
of course supplied by the primary. 

2. The Neutralized Series Motor also contains a short cir- 
cuited element on its stator or secondary, viz., the neutralizing 
coil. For the same reasons as stated above, the current Г, in 
the neutralizing coil and the flux and e.m.f. will be represented 
by two straight line ellipses at right angles (sce Fig. 14). In 
the present machine, however, the magnetizing ampere turns 
necessary to excite the flux are on the secondary, being supplied 
by the field winding. The field currents will be represented 
by another straight line ellipse J; parallel to ф and the resultant 
stator current by Г. "Thus since J and Е are no longer at right 
angles their product will not be accurately zero but since they 
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are still in quadrature it will be wattless. We shall now turn 
to the machines of the '' rotating field" type which are recipro- 
cal to the two just discussed, yiz., the ordinary and compen- 
sated repulsion motors. 

3. The Repulsion Motor. In the rotor or secondary element 
the current flows entirely in the short circuited circuit and 
will be represented by a straight line ellipse parallel to the axis 
of that circuit. The e.m.f. across any short circuited circuit 
is obviously zero, and the e.m.f. ellipse therefore reduces to a 
straight line perpendicular to the first, though of course it no 
longer follows that the flux is of the same form. Thus the rotor 
e.m.f. and current ellipses of the ordinary repulsion motor are 
identical with the stator e.m.f. and current ellipses of the in- 
verted repulsion motor (see Fig. 15). 

4. The Compensated Repulsion Motor also contains a short 
circuited element on its rotor or secondary. For the same 
reasons as in the ordinary repulsion motor, the current in the 
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short circuit J and the e.m.f. will be represented by two straight 
line ellipses at right angles (see Fig. 16). In this machine how- 
ever the magnetizing ampere turns necessary to excite the flux 
are on the secondary, being supplied by the circuit through 
the field brushes. The field currents will be represented by 
another straight line ellipse J; parallel to Е and the resultant 
stator current by J. Thus since J and E are no lorper at right 
angles their product will no longer be accurately zero, but 
since they are still in quadrature it will be wattless (reducing 
to zero at synchronism, however, since in this machine low- 
frequency magnetization is made use of). In the above dis- 
cussion only the secondary e.m.f. and current distributions are 
considered but it 1s easy to show that primary e.m.f. and cur- 
rent distributions are reciprocal also. In order to bring this 
out in its clearest form we may paraphrase the discussion in 
" Single Phase Commutator Motors" pp, 51, 52, 53, in two 
parallel columns: 
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The Repulsion Motor Rotor E. М.Е. 
Since the rotor is short circuited 
along the axis O P there can be no 
e.m.f. along that axis and the rotor 
e.m.f. ellipse is therefore a straight 
line along O R perpendicular to 
ОР. 


Flux Distribution. Such a rotor 
e.m.f. distribution can only be 
produced at speed K by a flux 
ellipse whose axes lie along O P, 
and O R, that along O R being of 
length а say that along О P being 
Ka where K = speed synchron- 
ism. In this case the “ Trans- 
former’’ e.m.f. and e.m.f. of rota- 
tion along the short circuited axis 
O P will cancel leaving a straight 
line distribution of rotor e.m.f. 


Stator E. M.F. The stator e.m.f. 
due to this flux distribution will 
also be represented to a suitable 
scale by exactly the same ellipse 
as the flux. | 


Terminal E.M.F. This ellipse 
must touch a line perpendicular 
to O Q and at a distance OE from 
the origin equal to the maximum 
terminal e.m f. 


The Inverted  Repulsion Motor 
Stator E. M.F. Since the stator is 
short circuited along the axis O P 
there can be no e.m.f. along that 
axis and the stator e.m.f. ellipse 
is therefore a straight line along 
O R perpendicular to O P. 


Flux | Distribution. Such а 
stator c.m.f. distribution can only 
be produced by an exactly similar 
flux distribution which may be 
represented to an appropriate scale 
by exactly the same straight line 
ellipse. 


Rotor E. M.F. This purely single- 
phase flux ellipse induces in the 
rotor an e.m.f. ellipse whose axis 
lie along О P and О К, that along 
O R being of length a say, and 
that along O P being Ka. 


Terminal | E.M.F. This ellipse 
must touch a line perpendicular to 
O Q and at a distance O E from 
the origin equal to the maximum 
terminal e.m.f. 


SHUNT TYPE MACHINES 


There is by no means so large a variety of shunt type as of 
series type motors having different modes of operation though 
substantially the same characteristics. Although the number 
of constructional modifications which may be suggested is, of 
course, endless, all practicable types of motor reduce, in the end, 
to what is essentially one machine. This is due to the follow- 
ing facts. 

Consider the ordinary shunt motor operated on alternating 
current. If the armature current is approximately in phase 
with the line e.m.f., which it should be, of course, for operation 
on good power factor, it will be in quadrature with the flux 
which lags 90 deg. behind the line e.m.f. In order therefor 
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to keep the flux and current in phase we need to supply the field 
with ап e.m.f. leading 90 deg. on the armature or line e.m.f. 
There is but one way to generate such an e.m.f., if we are 
to retain a purely single phase motor, and that is by means 
of a pair of brushes arranged on the armature at right angles 
to the load brushes or those which carry the main current. 
The practical machine in which this principle is carried out in 


Fic. 17 


its simplest form is usually called the Atkinson commutator 
induction motor (see Fig. 16). It consists of a distributed single- 
phase winding on the stator, a pair of short circuited brushes 
co-axial with the stator winding, and another pair at right 
angles thereto also short circuited. 

The e.m.f. of rotation induced in this latter pair of brushes 
by the primary flux leads 90 deg. on the line e.m.f. and is 


Fic. 18 


therefore capable of producing the field we require. This com- 
mutator armature with its two pairs of short circuited brushes 
may be replaced by a plain squirrel-cage armature giving us 
the ordinary single-phase induction motor. Such a machine 
is of the “ rotating field" type and is therefore capable of low 
frequency magnetization, otherwise known as compensation, 
by a well known method. Such a machine is the single phase 
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representative of the polyphase or circular field machines dis- 
cussed above, and in fact, a polyphase commutator machine 
of which one phase has been disconnected will if of the shunt 
type continue to operate on single phase just as an induction 
motor will. Our principles of classification do not necessitate 
any distinction being drawn between single phase and poly- 
phase machines so long as the fields of both remain circular. 
The principle utility of these single-phase commutator shunt 
machines is as adjustable speed machines and two methods 
exist for varving the speed from svnchronous: 

1. By introducing power into the appropriate'rotor circuit 
(see Fig. 19) Бу means of a transformer in exactly the same 
way as in the case of three-phase motors. Our principles as 


inductance On 


Fic. 19 Fic. 20 Fic. 21 


. mentioned above do not necessitate a distinction being drawn 
between the single- and the three-phase case. 

2. A method peculiar to the single-phase motor, consisting 
in weakening the field perpendicular to the stator axis by means 
of reactance or an auxiliary coil placed in series with the field 
brushes. In this case the rotor power is no longer zero but watt- 
less, being that consumed by the reactance or by the auxiliary 
coil. This method of weakening the field is shown in Figs. 
20 and 21. 


SUMMARY 


We may now summarize the results of our discussion and 
make some final suggestions as to the best methods of class- 
ification. 

1. The classification to which we have been led by the above 

discussion first of all subdivides our machines into 
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(A) circular field or constant intensity field machines in- 
cluding all direct-current and balanced polyphase machines, 
all the standard types in fact. 

(B) ЕШрис or variable intensity field machines including 
single phase and unbalanced polyphase apparatus. 

(C) Multiple polarity apparatus such as the Hunt, eal 
cascade machine and the split pole converter whose operation 
depends on the presence of harmonics in the main field. No 
detailed discussion of this class is attempted. 

(D) We may regard homopolar machines as a fourth class. 

2. It is shown from general mechanical considerations that 
electric power is developed in both the primary and secondary 
element of the general induction machine which is taken as 
typical, and that before an operable machine can be produced 
some method of disposing of this secondary power must be 
decided on. Various methods by which it may be reduced 
to zero, as 15 done in all standard machines are discussed. Other 
methods of disposing of it are by its utilization on a separate 
apparatus (cascade sets) by commutator frequency trans- 
formation and returning to the line (some commutator machines), 
ог by rendering it purely reactive. "This can be done 1n elliptic 
field machines only. 

3. À second important difference depends on the use to be 
made of the commutator which may be absent, on the primary, 
or on the secondary. Except in d-c. machines the commutator 
is only useful for obtaining adjustable speed. 

4. А third difference, not so important as the above two, de- 


pends on the method of magnetization. Two different methods : 


of magnetization are distinguished, viz., “ high frequency" 
magnetization leading to the appearance of considerable re- 
active power on the line, as in the ordinary induction motor, 
and “low frequency," as in the synchronous and compensated 
types. 

9. Lastly, many types may be connected either series or shunt. 

6. A table is constructed showing all possible combinations 
of these five sets of alternatives, and it is shown that thev cover 
all known types of ‘‘ constant intensity field" machines and that 
when the place of any apparatus in the table 1s assigned it can 
only be constucted in one way. 

7. Coming to the elliptic field machines we find that the 
secondary power can be reduced to zero or a purely wattless form 
in many ways without either secondary current or e.m.f. being 
Zero. 
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8. Our second principle of classification according to whether 
the commutator is on the primary or secondary leads us to 
distinguish elliptic field series type machines into two classes 
* pulsating field " machines—the neutralized series motor and 
the inverted repulsion motor and “ elliptically rotating field” 
machines—the ordinary and compensated repulsion motor, etc. 
It is shown that a certain reciprocity or duality exists between 
these types whereby stator e.m.f. and current distribution on 
the one type is exactly the same as rotor e.m.f. and current 
on the other. The two types are distinguished by different 
constructional features, salient poles in the one type and uni- 
form air gap in the other, and by differences in commutation. 

9. Shunt type machines when purely single phase are in- 
variably of the rotating field type as there is only one way of 
producing the requisite shunt field. 

10. Finally a table may be constructed by reference to which 
a characterization of any dynamo electric machine may be 
carried out. | 


Type of field Disposition of. |Commutator Magetization  |Serics or Shunt 
Sec. Power (A) 

Constant Intensity (C)|Zero (1) None (N) 

Variable Intensity (V). . Оп Ргїтагу (Р) 

Wattles (2) 

Multiple Polarity (M).|In Cascade (3) {On Secondary |High. Fre. (Н) |Series (Se) 
Returned to (S) 

Homoploar (H) line by Trans(4) Low Fre. (L) Shunt (Sh) 


From this table a machine may be characterized, as for 
instance: C—A1—P—L—Se would be the direct-current 
series machine, or V—41—P-——H-—Se the repulsion motor. 
“Some possible combinations of lettering will be found self- 
contradictory. The principal test which we can apply to our 
system is to ascertain whether an apparatus can be denoted 
quite unambiguously by this lettering or whether several kinds 
of apparatus having legitimate claim to be regarded as different, 
and not as mere constructional modifications of one another, 
are denoted by the same lettering. The writer has tested it 
in this way to a certain extent, but an independent critic might 
be able to reveal difficulties not at present apparent. Of 
course, the present paper does not pretend to be more than 
a step in the direction of classification and some modification 
of the present, or an entirely different scheme, might be found 


necessary. 
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FOUR YEARS' OPERATING EXPERIENCE ON A 
HIGH-TENSION TRANSMISSION LINE 


BY A. BANG 


ABSTRACT OF PAPER 


The Pennsylvania Water and Power Company, since it 
started operation of its hydroelectric plant at Holtwood, 
Pennsylvania, has kept a careful record of all operating events. 
In the following paper this record is given for the four years 
1911-1914, as far as the high-tensiton transmission line, Holt- 
wood to Baltimore, is concerned. The record deals essentially 
with certain observations made on lightning flash-overs, de- 
terioration of insulators, sleet on cables, and the various means 
adopted to prevent disturbances to operation from these 
causes. 


HE TRANSMISSION line for which the operating record is 
given herein is the line which transmits energy at 70,000 
volts from the Pennsylvania Water and Power Company’s hydro- 
electric plant on the Susquehanna River at Holtwood, to the 
same company’s terminal station at Baltimore, Md., where the 
current is stepped down for distribution purposes. Practically 
all the load consists of synchronous machinery, such as synchron- 
ous converters, frequency changers, etc. 

This line is about 40 miles long and runs mainly in the direc- 
tion north-south, through a hilly country, on a right-of-way 100 
ft. wide. It consists now of two rows of steel towers, each capa- 
ble of carrying two independent threc-wire circuits. The 
first of these tower lines (No. 12) was built in 1910, with both 
circuits installed; the. second (No. 56) in the summer of 1914. 
On this latter at present only one circuit is installed (circuit 
No. 6). | 

There is a considerable number of differences in the design 
of the two lines. The following 1$ mainly a description of the 
new line, though wherever there is an essential difference, it is 
pointed out. 

Towers. The towers are galvanized steel towers, designed for 
six power cables and two ground cables (on the old line only one 
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ground cable); they are spaced about ten to a mile and the 
cables on the new line are anchored at every fifth tower at least. 
All the towers on the new line are set in concrete foundations, 
while on the older line, steel tripod foundation stubs were used 
for the suspension towers. | 

The height of the tower is 44 ft., from ground to the lower 
crossarm. Ten and twenty ft. extensions have been used to 
increase the height of the towers whenever needed. The dis- 
tance between the crossarms is 9 ft., against 7 ft. on the older 
tower line, and the ground wires are located 4$ ft. above the 
upper crossarm. Contrary to what was the case on Line No. 12, 
where the power cables for each circuit were located all threeina 
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Fic. 3—T vPE OF INSULATOR USED ON Circuits Nos. 1 AND 2, HOLTWooD- 
BALTIMORE TRANSMISSION LINE 
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vertical line one above the other, the cables on the new line have 
been staggered, so that the ground wire crossarm and the middle- 
crossarm are the longest (each 23 ft. from tip to tip). The up- 
per crossarm is 15 ft. and the lower 17 ft. біп. This has been 
done to prevent trouble from sleet. 

Conductors. The conductors are 300,000-cir. mil, 19-strand 
aluminum cable. 

The ground wires consist of 3-іп. galvanized seven-strand 
steel cable. 

Calculated Load. Maximum load on the cables is assumed to 
occur at a temperature of 25 deg. cent., with a wind pressure of 
15 lb. per sq. іп. on wires covered with 3 in. of sleet. During 
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these load conditions the tension in the cables approaches the 
elastic limit. 

The stringing tension а + 25 deg. cent., was 500 lb. for the 
power cables and 950 1b. for the ground сне 

Insulators. The insulators are of the suspension disk type, 
10 in. in diameter. The units selected for the newer line have 
the following electrical characteristics: 


Individual dry flash-over voltage 
Individual puncture voltage 
Units on older line have a dry - 
flash-over 90,000 volts. 
and puncture = 100,000 to 107,000 volts. 


Eight units to the string are used on anchor towers and seven 
on suspension towers. Seven units correspond to a dry flash- 
over voltage of 378,000 volts. 

On the old line originally, five and six units, respectively, 
were used for suspension and strain 
towers. 

The new tower line is built parallel 
to line No. 12, distance between lines 
being only 50 ft. on centers. On 
| account of this it was necessary to 

place the towers on the new line as 

Fic. 4—SBowiNG ТҮРЕ OF T . 
о nearly as possible opposite the towers 
"сетте Nos. 5 AND6 on the old line. The number of 

anchor towers has been increased on 
the new line in order to prevent longitudinal vibrations and to 
lessen the chances of sleet trouble. 

The standard span is 500 ft., the shortest span is 125 ft., and 
the longest built with standard towers and cables is 1080 ft. 
All spans of 800 ft., or more are anchored at both ends. Double 
strings of insulators are used at all railroad crossings. The 
elevation of the line varies from about 600 ft. above sea level at 
the generating end to about 50 ft. at the receiving end. 

Electrical Data. 


95,000 volts. 
140,000 to 150,000 volts. 


Frequency... is ......... 28 cycles. 

Normal line- voltage between 
рһазез..................... 60,000 to 70,000 volts. 
Ohmic resistance of one wire..... = 12.1 ohms (12 deg. cent.) 

Ohmic reactance at 25 cycles is.. = 13.1 ohms 


Impedance at 25 cyclesis....... 17.9 ohms 
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Losses in three lines at 200 am- 


РОГОВ adest d Xd viui Pau eee = 5800 kw. or 10 рег cent 
when 58,000 kw. are trans- 
mitted. 

Capacity current.............. = 3.5 amperes per wire. 


OPERATING RECORD 


Below is given a tabulation of all the disturbances to normal 
operation of the system originating in the transmission lines, 
together with the cause of the trouble and the year it occurred. 
These disturbances have further been divided into three groups, 
depending on their seriousness, t.e., total interruptions (T.I.), 
where all the load was lost, though generally not more than for 
a few minutes; partial interruptions (P.I.), where a percentage 
of the load was momentarily lost; and, finally, mere voltage or 
frequency disturbances (V.D.), where no load whatever was 
lost. These disturbances have been recorded whenever the 
voltage changed suddenly five per cent or more. 


TABLE I.—OPERATING RECORD FOR HOLTWOOD-BALTIMORE TRANS- 
MISSION LINE, JANUARY 1,1811. to DECEMBER ЗІ, 1914 


Total for four 


1911 1912 1913 1914 years 
Cause ржи 
T.I. Р.Г. V.D.| T.I. P.I. У.О.) T.I. P.I. V.D.f T.I. P.I. V.D.| T.I. P.I. V.D. 
Lightning....... 23 .. 10 3 19 4 3 17 1.10 1 6 7|30 42 32 
Defective insula- 
{ог5........... 1 1 1 1 1 1 
Sleet оп cables....] .. .. .. VEM 2206. LE Wu. Ug. 26% 2 2 | 2 2 
Birds оп Ипе..... | жы а бы. Cat ] .. 2 1 3 2 3 3 4 


Wires blowing to- 
неїһєет.........| .. .. jx о А же BE. Sea, чы: "EC ] а 18% 1 


It will be всеп that the cause for all the disturbances сап be 
covered under the five headings: lightning, defective insulators, 
sleet on cables, birds on line, and wires blowing together. 

Of these the overwhelminy cause of trouble is lightning. 

It may be of interest to recount a few observations made on 
the effect lightning has on a transmission line in operation. 

Though the lines are protected at both ends with aluminum 
lightning arresters, which duly discharge during storms, lightning 
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discharges or surges will nevertheless give rise to '' flash-overs " - 
on the line, which, once established, are maintained by the power 
from the generators. Such flash-overs practically always start 
at the towers where the clearance distances to ground (1. е., 
towers) are thé smallest (a double or triple ground to the same 
tower is naturally in effect the same as a two- and three-wire 
short-circuit). Тһе path of the flash-over may vary. Thus, 
when circuits Nos. 1 and 2 originally went into service, the sus- 
pension towers were equipped with five units to the string and 
strain towers with six units. With this arrangement it was 
always found that the flash-over would occur upwards from the 
conductor, alongside the string of insulators. 

Fig. 6 shows a typical string of insulators, damaged by such 
an arc. It can be seen how the three lower insulators are com- 
pletely broken to pieces, probably mainly due to the heat gener- 
ated by the arc; the bottom bolt shows a deep burn. It can also 
be seen from the marks on the string how the arc in this string, 
instead of traveling all the way from conductor to the tower in 
one unbroken arc, has broken into small individual arcs, each 
encircling one insulator. That happens frequently, though not 
alwavs. 

Not only the insulators but also the cable is liable to Ъе. 
damaged bv lightning arcs; Fig. 7 shows a typical case. If the 
arc stayed at one place it would quickly burn the cable through. 
Fortunately, the arc is generally on the move. As a rule it is 
blown away from the power house, due to its own magnetic 
action. On the Baltimore transmission line we therefore gener- 
ally find the cable damage to the south of the towers; traveling 
this way the arc burns and pits the cable in spots. In a few | 
seconds the arc may travel five to thirty feet. 

When it was found in the first lightning season (1911) that 
practically all flash-overs occurred along the insulators, the plan 
was tried in 1912 of increasing the number of disks of a suspen- 
sion string to seven and of a dead-end tower to eight, on two 
particular stretches where the lightning had been especially 
severe. This proved successful in so far that only one lightning 
stroke occurred on these stretches in 1912 against 22 in 1911. 
Before the lightning season of 1913 one whole circuit (No. 1) 
was therefore equipped in this way with seven suspension and 

eight strain units. The result was, as shown by the power house 
ground chart record, that in 1913 the lightning flash-overs were 
distributed between the two circuits as follows: 
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27 lightning strokes on circuit No. 1. 
20 “ “ « “ « 2. 
6 ы ч unknown оп which circuit. 

In other words, the circuit with the many insulators showed 
the larger number of lightning strokes. Evidence from inspec- 
tion of the line showed, however, that whenever the flash-over 
took place on a suspension tower (which generally was the case 
in preference to a strain tower) the lightning arc on No. 2 circuit 
with the five insulators in the string, would as usual rise upwards 
along the insulator strings to the crossarm above, while on No. 1 
circuit with the seven units in the string the are would in every 
case go just the opposite way, 1. e., from the conductor to the 
crossarm below (see Fig. 8). This was naturally due to the fact 
that this clearance distance for the two upper conductors was 
materially decreased (from about 
36 in. to 24 in.) by adding two сть 
more units to the string. For the Top 
bottom conductor, where the "тент, 
clearance distance still remained Е 
ample, the number of flash-overs nx 


Fiashove 


was greatly reduced. This change i 
in the location of the arc resulted z 
in two distinct gains. Inthe first °°" 
place, the arc did not have nearly 
the same chance for damaging the 
insulators by heat, as it did not 
pass alongside them but away from 
them. The insulator record for 1913 showed this clearly. Thus it 
was necessary to remove 210 insulators from circuit No. 2, due to 
lightning damage, and only three from No. 1 circuit. The other 
advantage gained was that it proved to be easier to extinguish 
the arcs on No. 1 circuit and that it could be done with much 
less loss of the synchronous load connected to the system (on 
account of the preponderance of two-wire short circuits compared 
with three-wire short circuits). The following year one more 
unit was added to No. 2 circuit suspension towers and two more 
to the strain towers, and this 1s the way it is at present. 

Altogether the number of insulators removed from the line 
due to lightning damage is small, not more than about one 
hundred per year, on the average, and the number is not on the 
increase. 

Far more important from a maintenance point of view is the 
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continuous deterioration of the porcelain in the insulators, such 
as it was discovered a few years ago could be determined on 
insulators of the suspension type by means of taking insulation 
readings between the pin and cap (megger tests). 

The Pennsylvania Water and Power Company began investi- . 
gations by this method in the autumn of 1913. The megger 
used was a 1000-volt instrument with a range from 10 to 2000 
megohms. The result was rather surprising. While the ma- 
jority of insulators, when the weather was dry enough to permit 
of any testing, naturally would read infinity, many were found 
which would read below the scale of the instrument, 1. e., below 
10 megohms. When these were tested later on with а lower- 
reading megger, many of them would read even below 3 megohm 
orlower. On none of them could any external damage be seen. 
To all outside appearances they were perfectly good insulators 
and still their insulation value was gone. 

The first complete test of circuits Nos. 1 and 2 was made in 
the winter 1913-1914, after about three years of operation. 
Counting as bad every unit which would give a megger reading 
below 500 megohms, this test showed that out of about 22,400 
units, 1621 or 7.3 per cent were found to have deteriorated. 

The same line was gone over again in the autumn of 1914, about 
half a year after the first test, and showed an additional number of 
about 1020 or 4.7 per cent which had gone bad. This indicates 
clearly how rapidly this deterioration process is going on. All 
told, four years' operation produced 2640 bad units, or 11.7 per 
cent, an average of 2.0 per cent per year. Judging from the 
last test, it seems as though this deterioration goes on at a rapidly 
increasing rate year after year. 

Table II shows the result from both tests combined, but gives 
the figures for strain and suspension towers and for the two cir- 
cuits separately. It will be seen that the two circuits have prac- 
tically the same number of bad units, but the strain towers on 
both circuits show a very much larger percentage (17.1 per cent) 
of damaged units than the suspension units (7.6 per cent), indi- 
cating that the horizontal strain units are very much more 
exposed to this trouble than the vertical suspension units. 

À number of other tabulations has also been made up to see 
if there were any difference between insulators from the top, 
middle and bottom phases, or between the various units in a 
string. Only slight differences could be found, excepting be- 
tween the different insulators in a suspension string. Taking 
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only the five first insulators in the string, which have been in 
service from the beginning of operation, we find that the top 
unit, 7. e., the one nearest to the crossarm, is the one most 
subject to damage. (See Table III). 

After a number of these units were removed from the line, a 
series of tests was made in an attempt to determine the cause 
of this trouble. "The tests were as follows: 

First: 230 units with megger readings from 0.01 to 500 
megohms were given a high-potential test (25 cvcles). All of 
these units punctured before flash-over voltage, the puncture 
voltage varving widelv, increasing in a general way, however, 


TABLE II 
NUMBER OF INSULATORS DETERIORATED ON PENNSYLVANIA WATER 
AND POWER COMPANY'S CIRCUITS NOS. 1 AND 2, 1911-1914. 


Strain insulators Suspension insulators 
Circuits [— | Per cent | 
damaged 
Units Units below Units Units below | Per cent 
tested 500 megohms tested 500 megohms| damaged 
No. ] 4,938 856 17.3 6,723 470 7.0 
No. 2 4.942 832 16.8 5.900 485 8.2 
Nos. 1 & 2 9,580 1,688 17.1 12,623 955 7.6 
TABLE IIT. 
SUSPENSION INSULATORS NOS. 1-5 DETERIORATED 1911-1914. 
Unit No. 1 2 3 4 5 
Circuits Nos. 1 and 2........ 210 120 142 169 146 


with an increased meyger reading. Fig. 9 shows an attempt to 
express this relation in a curve. It will be seen that while a 
very low reading insulator will puncture at less than 20,000 
volts, an insulator giving a megger reading above 300 megohms 
has a puncture voltage close to the flash-over point. This 
puncture takes place inside through the porcelain hidden between 
the pin and the cap. By continuing the current from the testing 
transformer until the puncture heated up, it could be felt, on the 
outside of the cap, that the breakdown generally took place on 
the side and very often close to the rim of the cap. 

Second: While these tests were going on, a puncture of each 


PERATION [June % 


ig, which have been in 
‚ we find that the top 
arm, is the one most 


noved from the line, à 
o determine the cause 


's from 0.01 to 500 
t (25 cycles). All of 
-oltage, the puncture 
eneral way, however. 


PENNSYLVANIA WATER 
| AND 2, 1911-1914. 


Suspension insulators | 


Units below | Per cent | 


500 megohms damage? ' 
ERE 
3| 40 Г. 
) 185 х 


1-1914. 


yRATED 191 


1915 : 
] BANG: HIGH-TENSION OPERATION 1433 


and , i i 
a ud Pu of a string of five insulators occurred one day 
‚ during actual operation. Noli i | 
n. o lightning was reported 
— о was pa and no switching was done at the 52. 
urbance. ig. 10 shows this stri 
2. | string. It can be seen that 
in Е О, аз а finger tip are burned through the porcelain and 
5. ы all оп the side of the insulator, thus forming a short 
о ma pins and caps; no evidence of any simultaneous 
В id could be seen. It was a case of a clear puncture. 
une naturally thought that this was a case of deteriorated 
n, which could have been caught in time to DEVON 
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fail i i 
d 2. ed readings had been taken of these insulators 
4. . 3 . To prove this, five units removed from 
E м 2. d mounted in a string 
' s em, not from a ] | 
. 15 short-circuit current always is 1. 
2. - 2. transformer, with a 10,000-kw. genera- 
E 2. е current was limited to about 250 amperes 

The res n i i 
4. P : be. test 1s shown in Fig. 11; when the voltage 
d x 000 volts, the insulator punctured, burning 
and iron being, so to speak, shot out from the side ot 
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first one, then of another insulator, leaving holes of just the 
same nature as found in the insulator string punctured on the 
line. (That the bottom insulator does not show any hole but 
only a hot spot is simplv due to the fact that the current was 
taken off too early.) 

Third: While the foregoing tests conclusively prove the serious 
nature of this insulator deterioration, thev do not throw much 
light on the real nature and the cause of this trouble. The fol-’ 
lowing tests were made with this object in view. 

On 24 insulators discarded from the line because of low текосг 
readings, the pin, cap and cement were dissolved in a diluted 
solution of nitric and hydrochloric acid so as to give ап unob- 
structed view of the surface of the porcelain, normally hidden by 
the pin and cap. Of these insulators: 

Seven showed clearlv a tiny crack in the porcelain at the bot- 
tom of the head (see Fig. 12), a crack which was totally invisible 
as long as the cap covered 1t. 

Three insulators showed similar dadi: across the head. 

Thirteen insulators did not show any cracks. 

One insulator was destroyed during the test. 

Trying with the megger on the cracked insulators. it could 
readily be shown that the low resistance was located right in 
the crack, and the most natural explanation of the reason for the 
low megver reading on these insulators would therefore seem to be 
moisture which has penetrated through the cement into this 
crack. To explain the crack itself, it has been suggested that 
this may have been caused by high internal stresses set up by 
uneven temperatures and expansion of the various parts in the 
insulator, which would be likely to occur, for instance, if the 
insulator becomes hot in the sun and is then suddenly cooled 
by rain. A. O. Austin has also suggested that crystalline growth 
in the cement may cause expansion of this, with consequent 
heavy stresses in the porcelain. 

None of these explanations would seem to hold good for the 
insulators where no cracks could be found. On these insulators 
it was possible, however, by means of the megpger, to trace areas 
of low resistance on the outside of the insulator head. It seems 
evident, therefore, that the acid used in dissolving the pin and 
cap had penetrated the unglazed body of porcelain between the 
pin and cap in spots, thus making it more or less conductive. 
But wherever acid can penetrate porcelain, it 1s natural to sus- 
pect that plain water сап do the same. It is therefore believed 
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that the failure of these insulators 1s due to porous material or 
lack of vitrification in the burning, which gradually has allowed 
moisture to be absorbed by the porcelain in the same way as 
moisture has penetrated through the cracks in the cracked 
insulator. ‚ 

Fourth: When it was first discovered that a 1агре percentage 
of the low террег readings was due to cracks in the porcelain, 
it was naturally feared that these insulators had lost a great 
part of their mechanical strength. This proved, however, not 
to be the case. Twenty-five were picked out at random and 
tested іп а pulling machine until mechanical failure. The ulti- 
mate strength of these insulators was found to vary between 6500 
and 10,700 lb., with an average of 8100 1b., which is approximately 
the same as would be found on new, good insulators, when the 
cement had set thoroughly. Бір. 13 shows а typical break of one 
of these 1nsulators, which does not differ in any way from the 
fracture shown by a perfectly good insulator. | 

Fifth: Hot and cold water test. When bids were requested 
for insulators for the new transmission line a series of tests 
was made on insulators submitted bv different manufacturers, 
particularlv with a view to finding the type of insulator that 
would seem to be least subject to depreciation. Working on 
the theory that the depreciation was at least partly due to 
high internal stresses, set up by temperature changes, the in- 
sulators were subjected to a hot and cold water treatment as 
follows: 

Each insulator was dipped down in cold water (7 to 8.5 deg. 
cent.) and left there until thoroughly cooled (5 minutes); it 
was then taken up and within two or three seconds lowered 
into boiling water, head first. After remaining there for about 
five minutes, it was given a second temperature change Бу 
transferring it back into cold water, and so on. After each 
temperature change the insulator was tested with a megger 
and discarded if it gave a reading less than ''infimity." If 
an insulator endured the treatment without any change in 
resistance it received in all 10 temperature changes. Table IV 
shows the result for six different types of insulators, designated 
À to F. 

The insulators which had not been damaged by the hot and 
cold water test, so far as could be determined by the megger, 
were now subjected to high potential, with the results as shown 


in Table V. 
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TABLE IV 
No. of 
Number of пме Number of insulators 
insulators temper- that failed when 
uture transferred from 
Type | Weight changes 
рег unit | ————_] withstood | — ———— 
by cold to hot to 
tested | failed jinsulators hot cold 
A 5.51) 19 6 141 3 2 
B 90“ 19 12 104 5 7 
C 10 “ 19 12 SS 4 8 
D 95 “ 19 16 67 1 15 
Е 11 ы 6 60 
Е 11 я 6 2 40 2 
TABLE V 
Total No. insulators | Хо. units which with- Number of units 
Type tested stood flash-over and puncture volt- 
age 
A 13 6 (92 k.v) 7 (43 to 91 kv.) 
B 7 З (96 k.v) 4 (50 to 95 kv.) 
C 7 1 (90 k.v) 6 (27 to $7 kv.) 
D 3 0 3 (38 to 70 kv.) 
E 6 6 (98 kv.) 
F 4 4 (85 kv.) 


These tabulations show that type E insulators withstood the 
tests the best, as none of them failed, while types C and D 
suffered the most, for, among 38 insulators treated, only one 
withstood the flash-over voltage afterwards. 

The insulators which had already shown up poorly on the 
megger test were also given а high-potential test. They all 
punctured at voltages varying from 18,000 to 24,000 volts. The 
megger reading before test varied from 0.4 to 9 megohms. 
The cap and pin were also dissolved on two of the damaged 
insulators of types D and Е. Both showed tiny cracks at 
the bottom of the head. 

Sixth: Drying out of the insulators. Working on the other 
hand on the theory that, at least in part, this insulator trouble 
was due to absorption of moisture without accompanying 
cracks, the plan was tried of drying out some of the insulators 
removed from the line, under high vacuum and at tempera- 
tures varying from 50 to 90 deg. cent. А primitive air-tight 
tank which could contain 12 insulators at a time in a row was 
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installed, equipped with electrical heaters and connected to a 
vacuum pump, which would maintain a vacuum of about 27 in. 

Altogether, three batches of a dozen insulators were dried 
out with this equipment. The drying out lasted from 10 to 
20 days and megger readings were taken every few days. A 
graphic thermometer gave a continuous record of the tempera- 
ture of the cap of one of the insulators. 

The following observations were made: 

A. After only a few hours' treatment, the insulation resist- 
ance decreases materially, probably because water is a better 
conductor when hot than when cold. After 24 hours’ treat- 
ment a material increase is, however, always found, and this 
continues steadily until many of them reach the infinity mark, 
even when hot. All of them, without exception, will record 
infinity, when tested cold after two days' treatment. 

After drying out, the insulators were given a high-potential 
test with 25 cycles. 

B. The result was that out of a total of 37 insulators tested, 
12 withstood a heavy flash-over test for 4 min. The rest of 
them punctured at voltages varying from 30,000 to 90,000 
volts. As the megger readings on some of the insulators that 
withstood the flash-over were as low as 1 to 2 megohms before 
drying out, there cannot be any doubt but that they would have 
punctured at low voltages if they had not been treated. 

C. The insulators which dried out the quickest punctured 
at the lowest voltages. These presumably were the cracked 
insulators. On the other hand, the insulators that withstood 
the high voltage generally increased very slowly in insulation. 
These perhaps were insulators which would not have shown 
cracks under the cap. 

D. Four of the successfully dried out insulators have since 
that time, t.e., for four months, been exposed to the weather, 
hanging in a vertical position. They still read infinity. It is 
believed that if means could be found to prevent moisture 
from re-entering such insulators, it would be perfectly safe to 
put them out on the line again. 

It has often been suggested that the deterioration of insula- 
tors was due to electrical causes, such as switching, surges, 
arcing ground, high-frequency discharges, etc. Аз an indica- 
tion that this is not the case, an insulator record from a 70,000- 
volt transmission line between Holtwood and Lancaster, 13 
miles long, may be of interest. This line was built in the 
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summer of 1913. It consists of two identical circuits on the 
same tower line. While the two circuits were built at the same 
time, it has been customary to use only one of them, while the 
other one was kept as a spare. Both lines were gone over with 
a megger in the winter of 1914. At the end of the test one of 
the circuits had been under voltage 481 days, the other one 
only 91 days. Still they showed very nearly the same per- 
centage of damaged units, 3.е., 8.9 per cent against 8 per cent. 

It seems therefore clear that the influence of the voltage on 
the line in this respect is very small, if any. 

On the whole, the insulator record given above, and the 
experiments made, all tend to show that the deterioration of 
the type of insulator in question is not due to electrical but 
rather to mechanical and ceramic causes. 

Sleet. On the operating record, Table I, we find ‘‘sleet”’ 
next on the list. 

It is now well understood that the most common cause of 
sleet trouble is the fact that when, with the arrival of milder 
weather, the sleet starts falling off the wires, it will often fall 
off one full span or several spans at one time but still remain 
on other spans. Such conditions result in unequal loading and 
therefore also extremely unequal sag for the different spans. 
If the wires of different phases, therefore, as on circuits Nos. 
1 and 2, are in the same vertical plane, they are liable to come 
in touch with each other and produce short circuits. The few 
disturbances recorded as caused by sleet on the Baltimore 
transmission line have all been of this nature. 

In building the new line to Baltimore it has been attempted 
to prevent or minimize this trouble by having the middle 
crossarm extend farther out (about 2 to 3 ft.) than the top 
and bottom one; a larger number of strain towers has also 
been used, so as to avoid having more than five suspension 
spans between two dead-end towers. It may be of interest 
to note that during a recent sleet storm where both the old 
circuits, Nos. 1 and 2, were short-circuited, due to sleet, the 
new one, No. 6, stood up without a single short circuit. 

There is, however, another method of preventing sleet trouble, 
which the Pennsylvania Water and Power Company lately 
has adopted. The principle of this method is simply to keep 
the transmission lines so hot that no sleet whatever can be 
formed on them. The heat is produced by circulating electric 
current through the wires. Test and experience show that for 
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a 300,000-cir. mil aluminum cable, about 250 to 300 amperes 
is enough to keep the sleet from sticking to the cables; often 
even less current will do it. On the other hand, if ice already 
deposited on the wires is to be melted off, considerably more 
current is necessary. The present arrangement, when a sleet 
storm is reported and the load is at its lightest, is to leave only 
one circuit in service, which carries all the load (No. 6), while 
the two others are connected in series, short-circuited at one 
end and current is sent through them from two generators and 
two transformers. 

If the load 1$ heavier, all three circuits will be put in service, 
and if the current is not judged to be sufficient to prevent sleet, 
an arrangement is adopted by means of which wattless current 
is brought to circulate over the wires while they at the same 
time carry the load. This purpose is gained by dividing the 
generators at the power house into three groups, each of which 
through its respective transformers is connected with one trans- 
mission circuit. The three circuits are paralleled at the sub- 
station end. The field is now kept open on the generators 
for one of these groups, while the others are over-excited. Con- 
sequently the generators with the open field will draw their 
excitation from the a-c. side, but this current will first have to 
pass the transmission line. An increase of from 40 to 200 per 
cent in total current for the three lines, depending on the load 
conditions, can be secured this way. A limit is set by the cur- 
rent-carrying capacity of the station equipment. 

Buzzards. Fourth on the list of disturbances we find the 
heading “ Birds on Line." The birds troubling this line are 
turkey buzzards. These birds often choose the towers as a 
resting place and here they are liable to ground the line to the 
tower through their own bodies. There is especial danger if 
they sit on the crossarm right below the live wire, particularly 
in the case of the suspension towers of circuits Nos. 1 and 2, 
where two extra units have been added; the clearance here is 
so small (only 24 in.) that even a small buzzard, the moment 
it starts to fly away, easily will reach the line overhead with 
the tip of its wing, while it still touches the tower with its feet. A 
buzzard grounded in this way is always killed and will generally 
drop down to the foot of the tower where it afterwards can be 
found. Fig. 14 shows a good-sized sample. (Toe to beak 
22} in., tip to tip of wings 65 in., tip of wing to toe 34 in.). 
Often they will fall down without even causing a voltage dis- 
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turbance, but frequently they will give rise to an arcing ground, 
which may even develop into a two-wire short circuit. 

On the new line (circuits Nos. 5 and 6) the minimum clear- 
ance from wire to ground is 47 in., so it is hoped that this line 
wil prove ''buzzard-proof." 

Wires Blowing Together. The one voltage disturbance re- 
corded as being due to this cause, represents a case where the 
ground wire swung into one of the power cables at a place, on 
a special tower, where the clearance distance was abnormally 
small. It is therefore of no special interest. 


PROTECTIVE DEVICES 


Let us review the transmission line troubles: 
They were caused by: 
1. Lightning. 


2. Defective insulators. 

3. Sleet. 

4. Buzzards. 

5. Wires blowing together. 


It has been described how the company has tried to main- 
tain and improve its lines and operating methods so as to avoid, 
as far as possible, trouble from the above causes. In order to 
maintain continuous operation, also, when grounds or short 
circuits, due to any of the above causes, occur on the line, 
several different protective devices have been adopted, which 
are briefly described below: 

1. Interlocking Line Relay. Trouble from defective insula- 
tors, sleet, buzzards, and the wind swinging the wires together, 
generally, if they give any trouble whatsoever, result in grounds 
or short circuits that persist on the svstem until the voltage 
is taken off the faulty line; sometimes it may even result in 
a permanent fault, that does not permit restoration of voltage 
until repairs are made. The natural method to safe-guard 
operation against such troubles is therefore to cut the damaged 
line out, and the earlier the better. This means, as a general 
scheme, automatic operation of switches. 

The system іп use is illustrated in Fig. 16. It consists simply 
of overload relays at the power house connected in series with 
the line current transformers and also one relay in the ground 
connection for the neutral of each transformer bank. At the 
substation, reverse-current relays take the place of the over- 
load relays at the power house. All these relays are them- 
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selves made as instantaneous in their action as possible, but 
they do not act directly on the trip circuit of their respective 
oil switches, but are used in connection with definite time 
limit relays set for various time elements (3 to 3 seconds) so 
that a momentary short circuit will not produce action. To 
prevent all three lines from going out by relay action, in case 
there should be a short circuit on all the lines at the same time, 
the trip circuits are interlocked. 

This system has, with various minor changes, been used since 
the starting of the plant. It has not always been entirely 
successful. Difficulties were especially encountered in giving 
the various relavs a suitable current and time setting, and due 
to the complication in wiring introduced, since low-tension 
automatic switching was adopted. Since June, 1914, when 
various changes were made, 
especially on the reverse-cur- 
rent relays, so that they would 
be more sensitive, the record 
shows seven entirely success- 
ful actions, out of a total of 
буо ш Ж nine times when the condi- 
tions were such that they 
could act correctly. 


| It may be asked why the 
Fic. 16—SIMPLIFIED DIAGRAM OF 


| same interlocking relay аг- 
TRANSMISSION SYSTEM, SHOWING ti Ecc 
LocaTION OF LINE RELAYS PATE USN MOS иеаз 


lightning protection. The 
reason is the simple fact that lightning flash-overs very often will 
occur on both circuits Nos. 1 and 2 at the same time. (It still re- 
mains to be seen whether they will occur on all three circuits at 
the same time.) When both circuits are in trouble at the same 
time, the clearing of both means, of course, a total interruption. 
Even during the first year’s lightning season it was noticed 
that though the lightning short circuits were so severe that it 
was necessary to clear the circuits, the insulators and cables 
were never so badly damaged that it was impossible to come 
right back with the voltage, right after the interruption. This 
indicated clearly that if only some means could be found to 
extinguish the power arcs, an interruption might be avoided. 
The first scheme tried with this end in view was based on 
the idea of clearing one line completely, by means of the high- 
tension oil switches at both ends, while the other one, even 
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Relay Protection, Holtwood-Baltimore Transmission System 
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if in trouble, was supposed to maintain some kind of svnchron- 
ism with the customers’ load; then immediately, t.e., as fast 
as the oil switches could do it, the first circuit would be put 
right back again and the second line cleared, etc. The svstein 
was actuated by overload relavs at Holtwood and their action 
was transmitted by means of overhead wires to other relays 
at the substation, so as to get synchronous action of the oil 
switches. This’system proved a failure mainly because it was 
found that certain atmospheric conditions of no danger to the 
high-tension. transmission. lines, would produce discharges 
through the overload relay wires and thus unnecessarily actuate 
the relays at the substation and trip the oil switches. The 
system was therefore soon discarded. 

The next svstem adopted, which is still in use, was the arc 
extinguisher arrangement invented and designed by Мг. L. 
C. Nicholson, Buffalo, N. Y. The principle of this arrange- 
ment is to shunt any arc that arises on the line with a fuse 
wire, so that the current, as long as the fuse lasts, will prefer 
this path to the arc. The fuse 15 calibrated to blow in from 
5 to 10 cycles (25-cvcle svstem) and this short time, experience 
has proved, is enough to extinguish the arc on the line; there- 
fore as soon as the fuse blows, the line will be clear again. The 
fuse wires are connected across the proper wires automatically 
by means of specially designed magnetic relays and switches. 
The whole arrangement 16 placed right outside the power house. 
The design of the equipment is such that seldom more than 
one cycle will pass from the time the lightning arc is established 
until the switch is closed. It is in this speed that the apparatus 
has its greatest advantaye, since it allows the arc on the line so 
very little time to spread and do damage. 

An important point for successful operation is to have the 
fuses timed correctly. If this time is too short the arc mav 
be re-established, and if too long, it is very difficult for the 
synchronous load to remain in synchronism. The size of the 
fuse to use was originally determined bv test. As a check 
against values found this way, cvcle recorders are also installed 
between the fuse banks, so that an actual record of the time 
it takes a fuse to blow, during a lightning storm, always can be 
found afterwards. | 

Figs. 204 and 20в are two oscillograms which illustrate the 
action the short-circuitiny of the lines with such fuses has on 
the system. One oscillograph was mounted at the power house 
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and one at the substation. On both oscillograms the two 
outer curves represent the low-tension bus voltage, while the 
middle wave represents the high-tension line current. The 
short circuit was a three-phase one made with No. 16 B. and S 
copper wire. Two generators of 10,000 kw. capacity were feed- 
ing a synchronous load of seven 1000-kw. synchronous con- 


yes 
ud | Holtwood LT Bus Voltage ` ЕЯ 
NAANANANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN 90 
BAMBAN TAA ТҮЙҮЛҮҮ үүө 
20,000 7+ Time Н.Т. Current 42 
AAAAAAA SZ ЦПДААДАА ПЛ AAAAAAAAAAAAA 
о in 
20,000 | 400 
10.000 00 
MAMMA. AAAAAAAN AANA A ү же 
ко VV VVY YY. VYPVVVV VV VV VV VV VV А S 
20,000 3-Phase Fuseshort.on Transmission Line 1400 
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verters over one line. It will be seen that the fuse blew in 
53 Cycles. 

As the relavs work on the principle of overload, the fuses 
are now onlv put in service when a lightning storm is reported. 
Otherwise it can not be prevented that fuses unnecessarily 
will blow and thus introduce undesirable complications when 
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short circuits occur on the low-tension system, and on other 
occasions when their action cannot possibly be of any benefit. 

This device is especially satisfactory on the Baltimore line 
when only a ground or two-wire short circuit occurs. In such 
cases it saves all or practically all the synchronous load. On 
three-phase short circuits the action is more severe, but generally 
about 50 per cent of the load can be saved, especially if the 
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synchronous converters of the connected load are separately 
excited or Бу other means prevented from reversing polaritv. 
By keeping the voltage on the line all the time it makes it also 
possible to restore lost load more quickly than otherwise would 
be the case. In 1913 and 1914 it cleared the line successfullv 
a total number of 25 times out of 40 times the lightning hit the 
line. Wherever it has failed it has generally been possible to 
trace the cause to using a fuse of the wrong size. 

Another lightning protective device in use which also has 
as its purpose, not to prevent lightning flash-overs, but to 
minimize their consequences by extinguishing the arcs, is the 
so-called field destroying and restoring device invented by Mr. 
F. E. Ricketts, of Baltimore. 

The principle of this device 1$ simply that whenever а. short 
circuit occurs on the line, the field of all the generators will 
for a moment be destroved, so as to allow the arc on the line 
to be extinguished on account of lack -of voltage, and then 
immediately after be built up again so as to force the synchron- 
ous load into step again before the synchronous converters, 
frequency changers, etc., have come to a stop. The necessary 
switching for operating this device is naturally done automati- 
cally. 

The actuating relays are in this case either an overload relay 
(of the ordinary plunger type) in the generator circuit, or the 
above-mentioned relays in the neutrals of each transformer 
group. Both of these relavs act as instantaneously as relays 
of their type will permit, but in order to give the Nicholson 
arc extinguisher and the interlocking relay arrangement the 
first chance to clear the trouble, they are used in connection 
with a definite time element, at present set for four seconds. 
When these four seconds are up, a clutch for a small motor, 
which is running continually, will be thrown in contact and 
start a drum rotating. On this drum contacts are arranged 
so that as soon as it starts all the ordinary field circuit breakers 
(one for each generator,) will be opened simultaneouslv, at the 
same time short-circuiting the field windings across their re- 
spective discharge resistances, thus allowing the field gradually 
to die out and the line voltage to be reduced correspondinglv. 
Meanwhile the drum continues to revolve and will, after a 
predetermined time (originally 5 sec., now 13 sec.), close other 
contacts which have the effect of slamminy all the circuit break- 
ers in again. Immediately the fields and line voltage start to 
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build up again. After some surging between the generators 
themselves individually and the generator and synchronous 
load, the voltage will again be normal, generally after about 
one minute. The drum continues to rotate until it has made 
one complete revolution, after which time it is disengaged from 
the motor and the whole equipment ready for another operation. 

The record for this device shows for 1913 and 1914 a total 
number of 12 successful lightning operations and 4 failures. 

Comparing this device with the Nicholson arc extinguisher, 
it must be said that the fuse arrangement has been given pre- 
ference and first chance for acting, mainly on account of its 
quickness of action, which saves the line from too severe damage, 
and also on account of the excellent results it has produced in 
case of the lesser lightning disturbances like grounds and two- 
wire short circuits. 

The field-destroying device treats all lightning disturbances 
as equally severe and produces the same disturbance on prac- 
tically all of them, but seems, on the other hand, to have the 
great advantage of extinguishing the arcs with more certainty. 

Difficulties with this device can mainly be traced back to 
the waterwheel governors. It is especially difficult when the 
synchronizing power between the generators themselves for a 
moment is lost with the field, to prevent a generator whose prime 
mover 15 on hand control (1.е., has a steady gate opening), 
from speeding up beyond the others. Much improvement in 
this respect has, however, been gained by decreasing the time 
the field was left off from 5 seconds to 1% seconds. 


CONCLUSION 


It has been shown that while lightning still gives rise to a 
number of disturbances, these have been very materially re- 
duced both in number and in severity, year for year, by the use 
of special protective devices. As to sleet, special operating 
methods have been adopted during such storms, which it is 
believed will prevent trouble from this cause. The approach- 
ing danger from deterioration of the insulators has been dis- 
covered at an early stage, and rigid and repeated elimination 
tests of bad insulators, with megger, have been adopted as part 
of the routine maintenance, so that it is felt that operation will 
have but little to fear from this source. 
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CONTACT SYSTEM OF THE BUTTE, ANACONDA & 
PACIFIC RAILWAY 


BY J. B. COX 


ABSTRACT OF PAPER 


À careful study of the general conditions existing on the B. A. 
& P. R. R. indicated that an overhead contact system was ad- 
visable. 

The relatively large amount of energy yequired per locomotive 
unit made the adoption of the roller pantagraph desirable. 
The weight of this type of collector demanded that the trolley 
line be made as flexible as possible. 

Special hangers, pulloffs, etc., were designed to accomplish 
this result. The cost of the contact system was relatively high 
because of the unusual conditions. 

The operation 1s quite successful, though some minor troubles 
were experienced in the beginning. 


CAREFUL preliminary survey of the general problems 
involved in the electrification of the Butte, Anaconda 
& Pacific Railway had made it evident that an overhead con- 
tact system was unquestionably advisable, the two predom- 
inating reasons being, that approximately 60 per cent of the 
tracks to be electrified consisted of yards and sidings, with 
numerous switches and street crossings, and that a great por- 
tion of these tracks were in localities where it would be very 
difficult to protect against trespass by the public. 

An analysis of the general traffic conditions had indicated 
that a locomotive unit with approximately 80 tons on drivers, 
and equipped with an aggregate motor capacity of approxi- 
mately 2400 h.p., for maximum accelerating periods, would 
be most economical and best suited to the general service con- 
ditions, two such units being operated in multiple as a single 
locomotive for the heavier freight trains. Such a locomotive 
would thus require to receive at its collectors from the trolley 
frequently from 3000 to 3600 kilowatts which would mean 
6000, 3000 or 2500 amperes at 600, 1200 or 1500 volts respec- 
tively. 

Trial estimates on total initial costs and final operating ex- 
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penses for the entire electrification had indicated that, for the 
general conditions, direct-current motors operating two in series 
from a 2400 volt trolley fed from two substations, one located 
at each end of the line in existing power supply buildings ap- 
proximately 26 miles apart where no extra attendants would 
be required, would be expected to yield most economical re- 
sults. Higher trolley voltages were considered but were not 
found to be generally advantageous. | 

А double-unit locomotive with capacity as described would 
therefore, require to collect from the 2400-volt trolley during 
acceleration from 1400 to 1500 amperes or 700 to 750 amperes 
for each collector, one being used per unit. 

While this was known to be well within the capacity of a 
single 4/0 trolley wire fed at frequent intervals from both 
directions, the successful collection of such a heavy current 
from a single trolley wire was a more serious problem. 

Sliding pantagraphs of various types had been developed 
and made to operate fairly successfully for the collection of 
currents up to 150 to 200 amperes under similar operating con- 
ditions but none had given any hopeful indications of collecting 
such heavy currents with reasonably satisfactory life. 

Rollers of various kinds had been tried as substitutes for 
the slider and one of these, made from steel tubing, had been 
found to give very satisfactory results, and on the whole, seemed 
to be the most promising prospect at the time so that this type 
of collector was chosen for the moving contact device on the 
locomotives. | 

A Shelby steel tube 5 inches in diameter апа 24 inches long 
was used for making up the roller. The thickness of this 
tube when turned up inside and outside was approximately 
$ inch. A wooden lining was originally forced inside the tube 
which was expected to hold the tube together until the spark- 
ing had called attention to the necessity for its removal in case 
it wore through the metal. 

Removable bearing housings of aluminum metal were fitted 
into each end of this tube, two phosphor-bronze sleeve bear- 
ings being installed in each housing, between which was an 
oil chamber for containing the lubricant. Тһе complete roller 
revolved about а $-in. steel shaft which was fixed at each end 
by clamps to the pantagraph frame. 

. The completed roller with lining, bearings and spindle weighed 
approximately 31 lb., as against about 5 lb. for the corres- 


1915] COX: CONTACT SYSTEMS 1449 


ponding contact element usually adopted for the sliding panta- 
graph. 

This comparatively heavy contact device could not be ex- 
pected to respond so readily or so gently to hard or uneven 
spots in the trolley wire as does the lighter slider. Besides the 
increase in weight, the rapid revolving of the roller at high 
speeds would tend to increase the difficulties unless the balance 
was almost perfect. These difficulties were foreseen from the 
beginning and as it was realized that the weight of the roller’ 
could not be materially reduced it was decided to adopt prac- 
tically the standard pantagraph frame with such changes as 
were necessary for the substitution of the roller, and to turn 
to the trolley line construction with a view to removing the 
most serious objections to the roller by avoiding the hard or 
uneven spots in the trolley line, which seemed to be its greatest 
enemy. | zu 

The pantagraph as originally installed on the locomotives 
is illustrated in Fig. 1. One such pantagraph was put on each 
freight locomotive unit and two on each passenger unit, though 
only one pantagraph 1s used at a time, the extra one being a 
spare one for use in case of trouble, thus to avoid unnecessary 
delay. All main line freight trains are operated by a double- 
unit locomotive with both pantagraphs in contact with the 
troley wire and connected in multiple by means of a bus line 
run on top of the locomotives with a jumper connection be- 
tween the two units. 

In case of accident to either pantagraph on these trains a 
single pantagraph is capable of collecting the current for both 
units for the completion of the trip.. The operation of this 
pantagraph in service is detailed further on in this article. 

In considering what might be done by way of improving the 
design of the overhead line construction so as to make it more 
adaptable to the satisfactory operation of the roller pantagraph 
evenness and flexibility were the qualities most desired. 

The introduction of catenary construction with hangers at 
frequent intervals had accomplished much in these directions, 
especially the first, and gradual improvements had been made 
toward simplifying and cheapening this type of construction, 
though perhaps the importance of flexibility had not been fully 
appreciated until the heavier types of collector became desirable. 

Attention was directed to the redesigning of all hangers, pull- 
offs and other of the line material which tended to add unevenly 
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distributed weight or local stiffness to the trolley wire, the re- 
sult being the development of a new line of this apparatus. 

The new hanger was made up of $ by }-in. flat strap with a 
malleable iron ear secured by a $ by 1 }-in. carriage bolt. This 
hanger allows the greatest possible vertical movement of the 
trolley wire, or more than the upward pressure of the two panta- 
graphs of a double unit locomotive operating with a tension of 
35 to 40 lb. each against the trolley wire will normally raise it, 
before any resistance from the messenger is encountered, since 
the loop extends for almost the entire length of the hanger. 
The hanger is simple in construction and easily installed as the 
loop is merely thrown over the messenger and the two ears car- 
ried by the loop strap are secured by the single bolt which at the 
same time clamps the self aligning jaws into the grooves of the 
trolley wire. 

The design of the jaws give liberal clearance for the roller and 
would readily permit the operation of a trolley wheel should such 
for any reason be desired. 

The weight of the complete hanger varied from 145 oz. in 
the case of the 8-in. to 12 lb. for the 28-in. or longest. This 
hanger 1s shown in Fig. 2. 

As a very large percentage of the trackage to be саса 
is curve construction, varying апу where from tangent to 22 deg., 
it was necessary to give most careful attention to the design of 
a new pulloff. The result of the efforts in this direction was an 
entirely new pulloff, by means of which the messenger and 
trolley wires are held in position by separate clamps, from each of 
which run an individual pulloff wire with a strut between, main- 
taining the pull parallel to the horizontal plane of the trolley 
wire, allowing free vertical movement independent of the mes- 
senger, Fig. 3. 

The double pulloff used where there was more than one 
track is shown in Fig. 4. This pulloff, while an improvement in 
some respects over former designs, was not as satisfactory as the 
single pulloff, as it proved to be heavier and less flexible than 
was desired, causing slight sparking when a single pantagraph 
passed underneath it at medium speeds. | 

The design has been revised.and future construction will be 
considerably improved. 

Rigid pulloffs as shown in Fig. 5 were used at some СТЯ but 
were found to-be subjected to much the same objections as the 
double pulloffs because of the sparking due to similar reasons. 
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The type of splicing sleeve used is shown in Fig. 6. It is made 
of sheet steel with a malleable iron removable shoe which gives 
a smooth underrun for the roller, and may be replaced when 
worn out before the body of the holding member proper is in- 
jured. | 

The wire is securely held by a drop forged wedge with sharp- 
ened teeth, without bending the wire or diminishing its tensile 
strength. 

Fig. 7 illustrates the form of wedge grip clevis used for dead- 
ending the trolley and messenger wires. This had double wedges 
with sharpened teeth similar to those for the splicing sleeve. 

These are readily installed with a hammer, which together 
with their low manufacturing cost and ease of adjustment in 
service, makes their use economical as well as satisfactory. 

The question as to the use of wood or steel poles for the sup- 
porting structure was not a difficult one owing to the general 
conditions and the nearness to the best of markets for good 
Idaho cedar poles which made their use more economical when 
compared with the cost of steel structure. Some consideration 
was given to the use of steel structure in some of the yard con- 
struction where as many as eight tracks were to be spanned, but 
even here it was finally decided to use the wood poles though the 
general advantages were not so great as on the main line con- 
struction. However, steel supporting structures were used оп 
the double track steel trestle running from the concentrator 
vards up over the ore storage bins alongside the concentrator 
buildings, Fig. ТА. These tracks are approximately 4 mile in 
length. The steel supporting structure was made up at the 
smelter and the cost of same 1s included in Table II. 

A further item of unusual character in connection with the 
trolley line construction was that required for about 1 mile of 
track alongside a slump pond from which the sediment 1$ taken 
by means of a drag line scraper bucket operated from a cable- 
way suspended between two traveling towers mounted on 
rails on each side of the pond. As the track in question on 
which empty cars are placed for loading is located inside the 
area covered bv the cablewav, a trolley wire over the center of 
the track would interfere with the loading, and as it was de- 
sirable to use a standard locomotive for the handling of these 
cars, the brackets which supported the trolley and messenger 
wire were hinged at the pole. А flexible wire cable attached 
to the outer end and passing over a pulley anchored on top of 
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the pole was connected to a hand-operated windlass by which 
the brackets are swung upward carrying the trolley line from over 
the track and clear of the path of the bucket. When the load- 
ing is completed the trolley is lowered to the normal position 
while the loaded cars are removed and replaced by other empties. 
The number of poles and costs will be found in Table III. 


TABLE II.—COST OF DISTRIBUTION SYSTEM. 


Cost per item | Cost per mile 


Labor їпзїаПйїпщ.................................... $129,027 .56 $1417.89 
Feeder соррёг ое 89,697.00 985.68 
Work train зегуїсе.................................. 64,268.31 706.25 
Trolley wire uei stexdeexs s CORPER b COVER E Rd 58,213.60 639.71 
Cedar pales co әлеу ы Иа ИЫНДЫ 27,739.21 304.83 
Galvanized strand жіге.............................. 26,807 .47 294.59 
Copper БОЛ: а оны 20,564 . 20 225.98 
Напввты аахавфоееф Ере та ЖЫН E 7,596.27 83.48 
Crosby р OU RR LP aea 5,396.17 59.30 
Wood straininsulators............ eee nnn 5,385.22 59.18 
Engineering and зирегїпїепйепсе..................... 5,289.30 58.12 
ТОО дк Ал рЫ Нн ak em Йан ЧЕРТЕ dior aam RR CREE 3,811.30 41.88 
ANCHOR TORS used ure ккк Cae AE ERRAT Gee Жа 3,403 . 73 . 37.40 
Sectionalizing өеі(сһев.................... ........ 3,097.05 34.03 
Injuries and damages ейс............................ 3,036 . 56 33.37 
Fitting up work CATS: о ее: 2,292.61 25.19 
Steel and iron from зїосК............................ 2,043.87 22.46 
Lumber and їїтЬетз................................ 2,013.61 22.13 
Rental on work сагт&................................. 1,716.0 18.86 
$һорехрепзев..................................... 1,418.59 15.59 
Lightning агтев(егв................................. 1.271.02 13.96 
Paints and O18 2.2.54 ое 901.32 9.90 
Feeders and messenger іпяша(огв..................... 842.15 9.25 
Creosote and ой.................................... 637 .00 7.00 
Steel bond рго{есФог8............................... 570.00 6.26 
Splicing 31ееуев.................................... 294.00 3.23 
Postage, саг-Ғагев, е(с............................... 238 .62 2.62 
Guards and явішпе................................... 234.08 2,57 
Wedge gripi 05995 HRA «Ита а LES 130.01 1.43 
Dynamite and Енвев................................. 121.36 1.33 
Gasoline, solder, etc......... КОЛОГО ааа алына а 100.46 1.10 
Miscellaneous items.............. КЛ УЛООСУ ГО el 33,629 . 50 | 369.55 

Total ысы мысы dn RACE oe C avi nu $501,787 .74 $5514.15 


The question of insulation was not a serious one as trolley 
voltages up to 11,000 volts had been in operation for a number 
of years and insulation difficulties for such purposes had been 
met quite satisfactorily, so that the question was merely a 
matter of choice between wood and porcelain, the decision event- 
ually being made in favor of wood as the dry climate in the lo- 
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cality was favorable to its satisfactory service with greater 
general economy. 

The wood strain insulators used are shown in Fig. 8 and the 
number used and costs are given in Table ITI. 

Insofar as the general plan of trolley construction is concerned 
no very decidedly radical departures from some of the later 
installations was attempted but every effort was made to sim- 
plify and perfect what has been done before and to adapt the 
construction to the particular conditions. 

А very important item in the way of economizing and simplifv- 
ing was the omission of the use of any form of deflector at all 
special work. Some new departures were made in the manner 


TABLE III.—SHOWING AMOUNTS AND COSTS OF PRINCIPAL MATERIALS 
REQUIRED FOR DISTRIBUTION SYSTEM. 


Total Units Costs Total 
units per mile per unit cost 
cents 
Feeder copper, 1Ь5............. 507,055 5,572 17.69 $89 697 .00 
Trolley copper, lbs............. 343.030 3,770 16.97 58,213.60 
Cedar ро[еѕ................... 4.869 53 5 569 71 27,739.21 
Galvanızed steel strand, feet: 1,553,750 17,074 1.73 26,807 . 47 
Copper һопйб5................. 32,260 355 63.74 20,564 .20 
Crosby сЇїр5.................. 61,911 680 8.72 5,396.17 
Wood strain insulators......... 15,850 175 33.07 5,355.22 
Anchorrods............. .. 6.123 673 55.97 3.403 .73 
Splicing sleeves............... 265 3 111.00 294 00 
Wedge 8гірѕ.................. 680 7.5 19.13 130.01 
Total..... РЕ та та КТІ $237,630.61 


of arrangement of the trolley wires at these points so as to insure 
the pantagraphs picking up and dropping them properly. 

At switching points in ordinary trolley construction frogs 
are employed to make the trolley junction, and for pantagraph 
use deflectors are generally required to prevent the pantagraph 
when approaching such a junction toward a trailing switch 
from raising the wire under which it is operating, sufficiently 
above that over the converging track so as to allow the panta- 
graph to get over it without destructive results to either the 
pantagraph or trolley or both. Instead of this construction, 
the trolley and messenger wires which were intended to follow 
the switching track was started several feet ahead of the switch 
from a convenient point for dead-ending, and several inches 
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above the horizontal plane of the through wires, and gradually 
brought down to that plane a short distance ahead of the switch- 
ing point where they were gradually carried away following 
over the switching track. At some points in the yards where 
the parallel tracks leave the ladder track at close intervals as 
many as six sets of wires are in the same horizontal plane and 
all the trolley wires making contact with the roller simultane- 
ously, Fig. 9. 

This construction has proved entirely satisfactory and there 
have been no instances of trouble from the omission of de- 
flectors, which not only lessened the cost of the work but avoided 
much extra weight at points where the supporting structure 
was most taxed. Fig. 10 illustrates of the above construction. 

Air section insulation was used at all points where it was 
practicable and has been found to be advantageous from.évery 
point of view. Instead of inserting wooden insulators in the 
trolley line where sectionalization was desired, the ends of the 
wires of each section were made to overlap each other the 
length of a pole spacing, the two sets of wires being carried in 
approximately the same horizontal plane but about 12 inches 
apart for a few feet in the middle of the span, from which point 
the dead ends of the trolley wire were gradually carried above 
the path of the collector to its anchorage. 

This construction avoids the use of heavy insulators thus 
preventing hard or heavy spots in the line which are destructive 
to the line and pantagraph alike. With this construction there 
is less objection to sub-dividing the line into a number of short 
sections, which, with the elasticity provided by wood poles 
and catenary suspension, overcomes to a great extent, the 
difficulties arising from contraction and expansion due to 
changes in temperature. 

These sections are passed at full speed without any noticable 
effect on the line or the pantagraph or the least interruption 
of contact. 

Similar construction was used at all anchoring points for 
both trolley and messenger and has been found to be equally 
Satisfactory here. Undoubtedly this type of sectionalizing will 
become much more general in the future and means will be de- 
vised for its adoption at points where it is now found difficult 
to install properly. 

Tests were made by cutting the current off of one section and 
running a locomotive from the live section onto the dead sec- 
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tion at slow speed and heavy current to see if the arcing between 
the pantagraph and the live trolley wire would be injurious. 
The arcing was surprisingly small and not of a nature to do 
serious harm to either wire or roller. Fig. No. 11 shows the 
general method of installation. 

The effect of such an operation in the case of the wooden 
section insulators used at 600-volt street railway crossings and 
and other points where it was not found convenient to install 
the air type was quite injurious, and though such tests were 
not meant to be given them and the insulators were not ex- 
pected to stand such treatment repeatedly, some of those, 
located at street crossings where considerable switching was 
done, received the test too frequently and sooner or later broke 
down under the treatment. 

At these street railway crossings it was necessary to use 
two such insulators in the 2400-volt line about 75 feet apart, 
the trolley section 1n between being called the protecting zone, 
this being made песеззагу on account of the operation of double- 
unit locomotives with a trolley on each up, and the two being 
connected by a bus line. 

As the first insulator was usually about 100 ft. from the 
switch and the safety section was not energized until a member 
of the train crew ran ahead and threw a commutating switch 
located on a pole near the street crossing which cut off the com- 
mutating section from the normal 600-volt connection and ener- 
gized it with the 2400-volt current so long as the switch handle 
was held in the full up position, it frequently happened in the 
earlier period of electrical operation, before the crews had 
learned from actual experience the damage that might result, 
that the member of the crew whose duty it was to run ahead 
and operate the switch did not get it thrown until the loco- 
motive had passed under the first insulator, and as this was 
often done with power on the motors, the arcing that occurred 
when the roller left the live section of the insulator and ran 
onto the dead section carbonized the wood of the insulator 
and the carbonization was extended with each repetition until 
the insulation was finally insufficient and the insulator had to 
be replaced. The insulator originally used at these points is 
shown in Fig. 12. These experiences suggested the advisability 
of a change in the design of the insulator which would render 
the arcing in such instances less destructive, so that the over- 
lapping metal contact strips which originally were attached 
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directly to the bottom of the wood insulators, were replaced 
by other strips which were carried out about. four inches away 
from the wood insulation, thus making the distance between 
the strips considerably greater. These strips were attached to 
the insulators by spring hinges, so as to lessen the blow to both 
the insulator and pantagraph. These insulators were quite an 
improvement over the original ones but even they were not 
entirely free from injury when heavy currents were broken 
under the conditions heretofore described. 

The B. A. & P. tracks cross local 600-volt street railway 
tracks at six points, four of which are at street level in Butte. 
Two are at the Anaconda end but these, not being at street 
crossings, avoided the use of the special switching devices by 
arranging with the street railway company to coast over the 
crossing. At two of the crossings in Butte watchmen were 
permanently employed to operate gates for protecting the traffic. 
The electrical switches for controlling the crossing at these 
points were placed on poles near the watchman’s tower where 
he could easily operate them, and were interlocked with the 
gates so as to make it impossible to energize the crossing with 
the 2400-volt current until the gates were closed or to open the 
gates while the switch was in the 2400-volt position. 

Practically no trouble was experienced at these points after 
the watchmen became accustomed to their new duties but at 
the less frequently used crossings where the train crews operate 
the commutating switches, some troubles were experienced 
with the switches in addition to that already noted with the 
Section insulators. These switches were not expected to open 
heavy currents but the operators were expected to hold them in 
until the locomotive had entirely cleared the protecting zone, 
but occasionally this was not done, or, to aggravate matters, the 
Switch was allowed to open only partly while the locomotive 
was still in the protecting zone and when arcing was noticed in 
the switch box the handle was dropped and the switch badly 
burned. These commutating switches are shown in Fig. 14. 
At one point where this trouble occurred a second time, electri- 
cally operated contactors were placed in series with the ordinary 
operating switch on both the 2400-volt and the 600-volt circuit, 
and two sets of contactors being so interlocked as to render it 
Impossible for the two sets to be energized at the same time, as 
Shown in Fig. 15. 

No further troubles were experienced from this cause after ` 
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the installation of the contactors. These switches have been 
redesigned for future installations. After the men had become 
familiar with the operation of the switches there were very few 
instances of trouble even with the original switches. 

The trolley line was sectionalized at intervals as shown in 
Fig. 16, which also shows the final feeder arrangement. The 
sectionalizing switches were placed in asbestos lied wooden 
boxes and located on trolley poles well out of reach from the 
ground. Ап operating lever was located at a convenient point 
on the pole and at a suitable distance from the ground for ease 
in handling, and is provided with a standard track switch pad- 
lock so that no extra Кеу is required by trainmen for its opera- 
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Fic. 15—DIAGRAM OF CONNECTIONS AT 600 VOLT STREET RAILWAY 
CROSSING SHOWING COMMUTATING ARRANGEMENT AND PROTECTION 
FROM 2400-VOLT SYSTEM WITH ELECTRICALLY-OPERATED CONTACTORS 
IN SERIES WITH REGULAR COMMUTATING SWITCH 


tion. The operating handle is connected with the switch blade 
by a wooden rod which provided adequate insulation. 

In addition to the sectionalizing of the main line, these switches 
were used at all vards and at most spurs and transfer tracks to 
connecting lines, and at such of these points when the service 
was infrequent, the switch was normally left open. Such trans- 
fer connections were made with four other railway lines viz: 
Great Northern, Northern Pacific, Chicago, Milwaukee & St. 
Paul, and the Oregon Short Line. 

Eleven-point suspension with 28-inch deflection was used 
throughout with pole spacing, hanger length and pulloff arrange- 
ment approximately as per Table II. 
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Fic. 21—REvIsED WEARING PLATE FOR ROLLER PANTAGRAPH 
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Approximately 10 per cent of the 91 miles of track electri- 
fied was bracket construction, which was used on nearly all 
tanyent single track. These stretches of tangent track were so 
short comparatively and the percentage and degree of curvature 
so great, that it was unnecessary to make апу speciai provision 
for staggering the trolley wire. Approximately 38 of the 91 
track miles would be classified as route miles, leaving about 53 
miles, or roughly 58 per cent of yards, sidings, spurs, etc. These 
53 miles were made up principally of eight yards located at 
Anaconda, East Anaconda, Silver Bow, Rocker, West Butte 
and Butte on the main line and the Concentrator Bins, Storage 
Bins, and Butte Hill Yards on branch lines. Fig. 17 shows a 
map of the relative location of these yards and spurs, as well as 
the number and arrangement of the tracks, etc. 

The East Anaconda yards contained 12 tracks inclusive "о 


Fic. 18—EAsT ANACONDA Y ARD B. А. & Р. Ry. 


that for the main line, approximating about five miles aggregate 
trackage, being the largest yard on the system, a plan of which 
is shown in Fig. 18. Eight of these tracks run almost the entire 
length of the yard which is approximately one-half mile in length. 
These eight tracks are spanned by double messenger span wires 
supported from a pole line on each side spaced approximately 
110 ft. apart. The details of this construction with dimensions 
are given in Fig. 19. 

At the western end of the yard there were four additional stub 
end tracks where a third pole line was erected to form the out- 
side support for the wiring of same. | 

This eight track span construction has stood up well and 15 
quite satisfactory. All the construction in the yards and spurs 
were of the standard catenary type and entire freedom from any 
kind of trouble with it would seem to fully justify any additional 
expense that such may have required. 
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The construction work was practically completed in October 
1913, though some small extensions were made on Butte НШ 
in 1914 and are included herein. 

Fig. 20 illustrates the form of weekly report that was made to 
indicate the progress and general condition of the work during 
construction. As this was the last such report made it repre- 
sents practically the completed construction and indicates how 
nearly the original estimates correspond with the final results 
besides giving many other details of useful interest relative to 
the nature of the work. 

This report was not intended to cover other than the regular 
construction and, therefore, does not include the entire list of 
all the items mentioned, and as heretofore mentioned, some 
further short extensions were made at a later date. 


2 Wraps around pole span and guy 
8 Pole shims 2 Hooks for guy 134.12" Stick 


УР; each jont .$y Turnbuchie 12” Opening jets each кетпе guy 
я mS EN оу 


11°. 127 Stich 
à А 2 Crosbys each joint 
Toc cc] ---- Á MEE -- --------.--.-.----. н 
10 + 141 4- 142 —-.15 - $ -139 %-42-% 178 4 42--10 

22 2 2 з 1 £2 2 2 £A 22 £2 


Note: 12° Stick in all spans - 12" clear wood. 
Max distance between cross spans -110 feet. 


8.8” Timbers 
3°- 3* W Washer 
6-1 Anchor Rod 


Fic. 19— DIMENSIONS OF CRoss CATENARY SPAN CONSTRUCTION EIGHT 
TRACKS. B. A. & P. Ry. 


The total cost of the trolley and feeder system inclusive of 
bonding and all changes made necessary in the way of clearance 
for poles, wiring, etc., such as relocation of tracks, telephone, 
telegraph and light wires, etc., up to the fiscal period ending 
June 30th, 1914, as reported to the Interstate Commerce Com- 
mission, was $501,787.74. This would make the average cost 
of the overhead system including feeders and bonding per 
track mile $5,514.15 or per route mile $13,381.00. 

An itemized list of these costs is given in Table III, while 
the amounts and unit costs of the principal items involved will 
also be found in Table III. The total costs given are from the 
official records of the Railway Company which are classified in 
accordance with Interstate Commerce Commission regulations 
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as appears in Table IV, which include the entire cost of the elec- 
trification. 

The whole of accounts No’s, 12, 16, 19 and 22 and such portion 
of No. 1 as was directly in connection with the distribution 
system is taken as the total cost of that system. 

The listed items in Table No. 2 are approximately correct 
though in some instances there was some question as to a proper 
allocation. However, the general results are as nearly correct 
as 1$ practicable, and even the slightest variations in local con- 
ditions would easily offset any likely discrepancy in the pro- 
portioning of these costs. The sum of the listed items was sub- 
tracted from the total cost and the remainder listed as mis- 
cellaneous thereby covering all items of materials and labor, 


TABLE IV—COSTS OF THE ELECTRIFICATION OF THE BUTTE, ANACONDA 
& PACIFIC RAILWAY CLASSIFIED IN ACCORDANCE WITH INTERSTATE 
COMMERCE REGULATIONS. 


Account No. 1. Engineering and superintendence (including general 


preliminary герогї)............................ $10,937.15 

Ы “ 12. Roadway tools (used for construction 19 & 22)....... 3,851.74 

s “ 16. Crossings, fences, guards and signs mostly for signs... 234.08 
la * 17. Interlocking and signal apparatus, new system re- 

quired account of electrification...............4. 22,367 .62 

Б “ 19. Poles and fixtures (approximately 91 miles track).... 135,263.98 

^ * 22. Distribution system—(approx. 91 miles track wired) 357,009.45 

s 4 25. Substation building— (existing building used)....... Ё 191.15 
“ Е i Е \ Electrical Equipment—(5, 1000 kw. motor gen- 

36. | erator sets and 17 locomotive units)............- 671,764.78 

S < оини Be ARG SA AD CR e ee 9,975.80 

sx.) ——— OT $1,211,595.75 


etc., not definitely specified, leaving no question as to the total 
cost. 

All this construction was done while the road was under full 
operation and under many conditions which tended to increase 
the cost above the normal. 

The principal items tending to increase the cost were the 
large percentage of curves and special work, high price of all 
labor, interference of foreign wire, changes in location of tracks, 
walkways, platforms, buildings, trestles, bridges, etc., necessary 
on account of the electrification, extra heavy traffic on the main 
line, due to the use of fifteen miles of same by a transcontinental 
line for all traffic while a connecting link for this section was 
being built, strike of electrical wiremen, cold weather, varia- 
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tion of ground condition, number of street railway crossings, 
etc., etc. 

It is not likely that the average steam road would encounter 
so many obstacles of this nature in undertaking the electri- 
fication of its lines, for seldom would there be found more com- 
plications than in this case where the nature of the work being 
required for a mining and smelting industry of such magnitude 
calls for many varieties of structures and conditions not usually 
to be encountered in ordinary railway electrifications. 

The work was begun in the summer of 1912 and was just 
reaching a state of efficient organization when the electrical 
wiremen went on strike tieing up the entire work from June 
to October, about three months of the most favorable part of 
the year for such work thus bringing the heavy part of the 
work in the middle of the winter when the weather at times 
was 20 degrees below zero. During the three months cessation 
of work the engineering and supervision force was continued 
at a very low percentage of efficiency and this delay contributed 
in various other ways to an increase in the cost of the con- 
struction. 

Some of the items of expense in connection with changes 
made in existing construction and charged against the distri- 
bution system, are approximately as follows: 


New telephone line on trolley line роіев............................. $7,850.64 
Changing light, power, telephone & telegraph lines................... 4,273.15 
Changing street railway сгОз51ПЩ53................................... 1,546.65 
Relocating railway track8................. ........................ 815.90 
Raising drip зһейв............................ font dtu ovd xd E ME 785.54 
Changing station р1аїйогтпв........................................ 693 . 29 
Raising wagon bridges... оао 361.52 

Total nk iss Baers eens Бы ЫЫ РЫ tS oe, pP $16,326 .69 


The new telephone lines in the foregoing list were run on 
the trolley line poles and were for the purpose of enabling the 
train crews to communicate with the dispatcher from any loco- 
motive on all of which telephone instruments were installed to- 
gether with a standard rod for making electrical connections 
with the wires at any point along the line. 

The above list is by no means complete though it gives an 
indication of the various items represented in the total costs 
of the system. 

Combining eleven pay rolls gives the following classification 
of labor: 
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Avge. Approx. 


Days per day Total 

Blacksmiths and һе1рет...................... 27 3.08 $110 58 
Boilermakers “ Laer 26 3.76 97.78 
Carpenters “© ао ace oes 17 4.40 75.56 
Machinists  * а as pua 15 4.33 64.91 
Electricians “ "rrr cr 3.280 571 20,544 09 
Pipefitters а о s 2 3 50 7.69 
Арона 3,035 3.56 28,611.53 
Teamsters dod ecd ee de muc ade x E Nep PR 35 3.25 106.96 
Electrical богетпап.......................... 835 6.35 5,300.62 
КОТЕ ceo vas bci AERE Ie UE oe SD 665 6.06 4,030.82 
@(- о СЕ oat wor oe eG o dr s 500 3.35 1,670.42 

оао 13,737 $4.41 $60,620.96 


These eleven payrolls represent the principal items of labor 
in connection with the erection of the trollev and feeder wires, 
being that for the regular forces engaged in this work and 
charged against account No. 22, Table IV. 

Time and a half was allowed for all overtime and double 
time for Sunday work in the case of electrical workers. 

Wages and perhaps most materials are somewhat higher in 
this locality than in anv to the east of it or than in most any 
other of the western states. 

The operation of the overhead svstem as a whole has been 
quite satisfactory in every respect for there have been prac- 
tically no troubles with it or delays to traffic on account of it. 
There were two instances of wires slipping in the splicing sleeves 
due to the wedges not being properly driven up. One of these 
instances was in connection with the trolley wire and the other 
with the messenger. In both cases the results were negligible 
as in the first the trolley hangers slid back along the messenger 
much as the rings hanging a curtain slide along the supporting 
wire until the tension was all out, the trolley being held clear 
of the ground by the messenger; while in the second instance 
the messenger slid back through the loop of the hanger until 
the tension was relieved but was supported clear of the ground 
by the trolley wire, no harm resulting. All that was necessary 
to remedy the trouble in cither instance was to pull the parted 
wire back into position and properly wedge it into the sleeves. 
There have been two instances of the trolley wire parting due 
to improper welding of the metal in manufacture and other 
similarly negligible instances common to such installations. 


COX: CONTACT SYSTEMS 1467 


1915] 


pull 


m 


STEMS 


61607 |88 OF севә jerge [81745 [8998 Zee , lore 909 |2 |е |ә” (ом [vv vv sea 1ad әүгш aad әзе 

QF 0666 |6): 614€ |69 orzo |с9 ezez oz ELS |zz sze |08 268 |32 OOP |78162 |8712 |OF OIFI |9872 |06 9260 J seas 194 әзе 

69 S68FIS|69 BLESS |00 916648 SREFS|SS 01/6%/|86 881$ 02 `9Р2$|60`109$ |08 2c8$ FA 'CE$)09 91124|08: 1/8|<6 C161$| 7 777070077777 $ЧЗиош-8Т [BIOL 

65`766 «FI POT [er oet 5% '" |00:99 |08:8С |90716 ovis e ы Bey ГІ htt sere ree сїбї eW 

92:609 |18 siz |е/ 066 M '"  |ee'46 |0266 |Ib' St ch ЕО Есет DE От, eene omoes <т6Т “49d 

79'69° — |FO' GIL |06 OFF S '"  |89'66 |06°%6 |00 oru jeter lee eer doo" “ise UII heremo еті ‘uef 

ос-20ғ  |OU FFT — [or szc 2 '"  |re'*6 |cs'o& |96 ZF DU Bc IESU. DUM Woe ger, ров #161 “590 ^ 
PL Ech |РЕ 69 OF РВЕ ў" с рево jore |9 DV ar СВОТ: IUD" омар реву #161 “AON Р 
06:2201 |08 Еһ |01668 |?6`/9Е '" |00 06:07 |98 cc one |^ erue qu. ба piteteeoteeeteeme #161 7190 у 
cL'£89 |22808 [сЕ FLE к с [5899 ос |2902: |00 ps ugs. NN EN ie Tee. регио #161 2496 5 
92201 jog cee oz gez he Ро - Уор ИСЕ оте | ^ |0099” [60°9т [69-61 | +161 “3ny 9 
622801 |12122 7:2]08 toet | 7 " ‘+ Jes sor |-<ғ2 "25|ee oer | "^ |60699 ЦЕН |e6/ 668 [з=н ные; ғібі АГ = 
£4'69FI 80:246 CQ’ L6F 80 246 COEF .. 00 fc ШЕ .. .. .. "^ WEE (CN TIO is ox Mu «Xu uw 649 S T #161 әип[ 5 
т8`с6тт |3c 809 |с6`99с |98 809 |с/:90С ve, ДЕСЕН Т И Б Е Ме ПЕРИ #161 ең 

ezio?  |c6' Ste |06166 |co ste |c9'&te ЖҰТА ME О Nucl Moo АБЫЛ ШАП n лаал а тїбї “Ady 

IF ӨЛІ |1$'808  |06/299 |19`808 |сс OLE КР s ZEE T зе 5” өрттір же (chek ake kia #161 EW 

90 i£ki fiz #82  |68`939 [IZ +82 |22 980 SMS S же... АКТ OE Б. ES эши че Ф161 ‘924 

ZS’ бес ZL 88 OR OCF 21`88 0£'06£ .. 02 09 К даг 6 606-0700 9:0 “ерІСІ ‘uel 

вое ри lee-oze ВИ lee ozs tà UA | Sek ЕТУ ой аы |DER Upland erat ‘hc 

19x lw»er естен e om ис е c dox doe low Dom odo] u Disi Hie LAC “абы 

Gea i05 бастан: dr (emn så + А яв SIME "s 

[euoyeur | penay [euo [euo | [euo [eua] [puoi 


рия одет EJ 104° -UW 104% -e | 20427 -€W -e | 104®7 | -W | 10q27 


OE | —————— 


: s21njxtj 
[BIOL [BIOL SNOIUE][PISI PY Sutpuog віәрәәд Кәцүоз ], рие $3104 


HAISOTONI 6161 HOWVIX 9? ЕІ6І “І2О WALSAS NOLLASDILLSIG dO AODNYNALNIVW 40 LSOO— A ATEVL 


= 6S > C в ; 

AB "S 1955 du оно 

Ts S Bw бә ЖОЮ Ы tee 5а A ' 9 

ses 3 g каза тара кал аласта 

(ЗЕ ЗЕЕ Зоо ао ая 

C= MED CN ш See CSE Yas NA a 9 Ww 9 

=. = Ес шх е 9.20.49 йы (>) 8 
зы ~ — 9 я 4 да V M ! 

4587 855: “42955425944 ӨЗ УЗ 
=> > чы 

ES n M фа ay за оо оао 


1468 COX: CONTACT SYSTEMS [July 1 


The most serious interruption that occurred was originated by 
the blasting out of some old bridge piles by the section men of a 
paralleling railway. A fragment of the pile was blown against 
a telephone wire carrving it across the 2400-volt trolley. "This 
telephone wire ran through the switching boards in all the sta- 
tionsalong the line, some of which had not then been provided with 
the proper protecting devices. The result was that the arc 
set fire to some of the boards, and in one where the operator 
happened to be temporarily absent at the moment, the building 
was burned, setting fire to adjacent poles and parting both the 
trolley and messenger wires. 

At the other stations involved where the operators were pres- 
ent and could give prompt attention to putting out the arc 
started, no serious damage resulted. 

The maintenance men who took charge of the trollev svstem 
were put on October 1, 1913, consisting of a foreman and two 
linemen who could requisition other assistance when occasion 
demanded. The cost of maintenance from this date up to and 
including March 31st, 1915, covering the first 18 months opera- 
tion 1$ given in Table V. 

Beginning with July, 1914, these accounts were kept more in 
detail. These expenses include some rearrangements of feeder, 
etc., and the cost of some special instruments for bond testing 
and tools. The average cost of the maintenance of the distri- 
bution, system inclusive of the track bonding for the 18 months, 
has been at the rate of $109.13 per track mile per year. 

Taking the last nine months during which the costs were 
segregated more completely gives the following results: 


Poles 

and 
fixtures | Trolley Feeder Bonding Misc. Total 
[,аһог................. $1915.35 $2115.60 | $460.75 | $453.45 4945.15 
Маїегїай].............. 71.80 32.74 601.09 488.58 367.94 | 1562.15 
Тога | 1937 15 | 2148.34 | 1061.84 942.03 367.94 1$6507.30 
Rate per уеаг,......... 2649.53 | 2864.45 | 1415.79 | 1256.04 490.59 | 8676.40 

Rate per year per mile of 

{гасК,.............. 29.12 31.48 15.55 13.80 5.39 95.34 
Рег cent labor.......... 96 98 43 48 76 


5 material,...... 4 2 57 52 100 24 
и of total,....... 31 33 16 15 5 100 
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To ascertain the rate of wear on the trolley wire, measure- 
ments were recently made on the Smelter Hill line where the 
traffic is heavier than at any other point and where the electric 
service has been in operation longest, or just about two years. 

The original diameter of the wire vertically was supposed to 
average about 0.482 inch. The minimum diameter found where 
the measurements were carefully made was 0.470 inch. The 
average of a number of measurements was 0.475 inch. It is 
usually considered safe to allow a 4/0 trollev wire to wear down 
to 0.350 inch thus allowing a wear of 0.132 inch. If the maxi- 
mum wear of 0.012 inch as found for the two years is taken as 
the average during the useful life of the wire, which is at the 
rate of 0.006 inch per year, the wire can be expected to last 22 
years. At this portion of the line there has been an average of 
approximately 50 passages of pantagraph rollers per day which 
for two years would be an aggregate of 36,500 passages or 18,250 
per year indicating 3041 passages per thousandth of an inch wear. 

It is perhaps questionable as to whether the first few months 
wear on the trolley wire would be at the same rate as after the 
contact surface had become greater. The outside surface of the 
wire might be slightly harder than the interior and thus the 
wear be less at the beginning, while on the other hand when the 
wire is new the contact area with the roller is quite small and the 
pressure per unit area together with the increased current density 
might cause more rapid wear. From such data as is at hand it 
would appear that the rate of wear on the trolley is greater at the 
beginning and decreases as the contact area is increased. Ex- 
tensive tests with a sliding contact, where the operating condi- 
tions were varied as to the amount of tension against the trollev 
wire and current collected, almost invariably indicated that the 
rate of wear decreased as the area of contact increased, and there 
seems no reason to suppose that the same would not be true in 
the case of the roller collector, so that the average life of the trol- 
ley wire in this service should not be less than 20 to 25 years. 

The roller collectors adopted for the service and described in 
the beginning of this article have performed their work in'general 
equally as well as had been expected of them, though at the begin- 
ning of the electrical operation a number of minor improvements 
were found desirable. The rollers were operated ayainst the 
trolley with an upward pressure of approximately 351b., the prac- 
tise being not to readjust so long as the tension was not above 38 
or below 33 1b., at the average operating height. 
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The first difficulties experienced with these rollers was from the 
sticking of the roller in the bearing, which resulted in their slid- 
ing along the trolley wire causing a flat spot or groove which ren- 
dered the roller unfit for further service, if not detected at an 
early stage. 

This sticking was first due to the imperfect alignment of the 
clamping jaws which held the ends of the spindle passing through 
the roller and on which the bushings revolved. As the bearings 
consisted of four bushings 13 in. long, being arranged in pairs, 
one at each end with a space of one inch between the two bush- 
ings of each pair, thus making each bushing substantially four 
inches in length, it was possible to clamp the ends of the spindle 
so tightly as to spring it out of line and cause it to bind in the 
bushings until it did not revolve with the ordinary friction offered 
bv its contact with the trolley wire. This trouble was overcome 
by more care in the adjustment of the clamps. A little later 
the caps in the bearing heads began to loosen until thev bound 
the roller between the clamps and caused them to slide as before. 
А set screw was provided which prevented the unscrewing of the 
caps and no more trouble from the sliding of the roller was ex- 
perienced.until extremely cold weather came and heavy frost 
accumulated on the trolley wire which, on being knocked off 
by the roller lodged on top of the 2 $-inch “ T "-iron brace or 
hooker frame support underneath the roller with about 1/16 inch 
clearance, where it piled up and finally clogged the roller causing 
the sliding of same with results as heretofore. 

This difficulty was met by increasing the clearance of both the 
brace and the roller and inverting the “Т” so that the web was 
on the bottom and thus did not offer so large an area for the col- 
lection of the frost. Fig. 13 shows the results of the roller sliding 
from any cause. 

Another defect that threatened trouble at an early stage was 
the removable cast iron wearing plates screwed on to the panta- 
graph head at cach end of the roller and intended to guide the 
trolley wire smoothly from the horn onto the roller. 

It was found quite difficult to keep this plate in proper align- 
ment with the roller owing to the wearing down of the bushings 
and the increase in the end play of the roller which allowed the 
trolley wire to hang in the gap between the wearing plate and the 
end of the roller, and when this condition was not remedied 
promptly a groove was soon worn at this point which often made 
the replacement of the plate necessary and sometimes that of 
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the roller tube as well. This difficulty was removed by the ap- 
plication of a new type of wearing plate which extended out 
slightly over the roller with a prong on either side gradually 
dropping below the line of the top of the roller so that the wire 
passed from one to the other so gradually that there was no point 
where the wire was inclined to catch. The lower end of this 
wearing plate extended out over the upper end of the hornina 
similar manner and avoided the necessity of such careful fitting 
as had been required with the old type where butt joints were 
used. The new wearing plate is shown in Fig. 21. 

The sleeve bearings with oil lubrication were fairly satisfactory 
in the freight service where the average speed was from 15 to 
30 mi. per hr. but when the passenger service was started re- 
quiring a schedule speed of 26 
mi. per hr. with maximum 
speeds of 45 to 50 mi. per 
hr. the bushings wore out 
very quickly, which allowed 
the oil to be carried out 
along the spindle and thrown 
off, falling on the roofs of 
the locomotive and the cars, 
making it necessary to re- 
plenish the oil at the begin- 
ning of each trip. 

When the bushings become 
worn the roller vibrated con- 
siderably causing more sparking at the contact with the trolley 
wire and often breaking the truss rods used for bracing the 
pantagraph frame. In some instances these bushings were 
badly worn before they had made 200 miles. 

Experiments were made with grease lubrication which gave 
promise of good results and which led to some slight modification 
of the bearings and to a general substitution of grease for oil as 
a lubricant. Fig. 22 illustrates the original bearings. 

In the meantime tests were being made with a special roller 
bearings and the results had been so encouraging that it was 
decided to substitute these for the sleeve bearings in all the rol- 
lers as the latter wore out and required to be renewed. Fig. 23 
illustrates the adaptation of the roller bearings to the original 
bearing housings, and Fig. 24 shows their installation in the 
later rollers designed for this purpose. 


SIGNED FOR USE OF SLEEVE BEAR- 
INGS WITH OIL LUBRICATION 
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The total locomotive miles made by the electric locomotives 
np to the end of March 1915, was 927,234. The number of 
roller tubes received by the railway company up to that date was 
123 including those that came on the locomotives and extra 
pantagraphs, bought for spare parts. 

On this date the roller tube stock was as follows: ) 


5 New rollers complete іп pantagraphs. 
29 New tubes in stock. 
20 Partially used tubes on locomotives. 
10 Partially used tubes in stock. 
Total 64 Tubes used and unused, 34 of which are new and 30 partially worn, leaving 
59 tubes that have been replaced. | 
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The master mechanic estimates that the 30 partially used 
tubes are on an average about half worn out, on which basis the 


average miles per roller would be e = 11,750, or suppos- 
ing that these tubes were two thirds worn out, the average mileage 
per tube would be ыы = 11,030 miles. 


In this connection it should be noted that eleven of the 59 
abandoned tubes were removed before they had been in service 
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many miles on account of the rollers sticking and sliding along 
the trolley until a groove was cut in them, as shown in Fig. 13. 
Some of these tubes were thus injured during the commencement 
of electrical operations before the defects had all been remedied 
but most of them were caused by the frost freezing the roller to 
the T-iron brace underneath, mentioned elsewhere. 

А large percentage of the above mileage was made before all 
the sleeve bearings were replaced by roller bearings or the clear- 
ance of the roller above the T-iron had been increased. 

Comparatively, few rollers that were fitted with the roller 
bearings when new, have yet had to be replaced, one such, which 
had been in the passenger service where the average current 
collected is not so great as in the case of the freight service, though 
the speed is considerably higher, made 26,880 miles before it was 
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replaced and the average mileage of all tubes with roller bearings 
at the present time is approximately 16,000 miles indicating 
that the roller bearings are responsible for an increase of about 
35 per cent in the average life of the rollers. 

The old sleeve bearings with grease lubrication had to be re- 
newed about each 5000 to 6000 miles, thus requiring about two 
sets of bushings during the life of a tube. The roller bearings 
after making 26,880 miles were in perfect condition and it is 
difficult to judge what mileage they will make, but from present 
indications it is reasonable to expect that they will make at least 
100,000 miles per set. It costs approximately $2.92 in labor and 
material to renew a set of the old bushings. 

The cost of substituting the roller bearings for the bushings 
was approximately $2.20 for material and $2.25 for labor or 
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$4.45 per roller. It will thus be apparent that the change was 
even more important from the point of saving in maintenance of 
bearings than from increased life of the rollers. The roller 
bearings require comparatively little attention, a small quantity 
of fresh grease being inserted 
at each regular inspection of 
the engine. 

The general repairs to the 
entire pantagraph have been 
likewise affected as the de- 
creased vibration has stopped 
almost all  pantagraph 
troubles. 

The repairs to other parts 
of the i Aur the Еа “22222 
past six months just passed Fic. 25—LaTEsT ТҮРЕ OF ROLLER 
consisted of renewing six’ pr DESIGNED FOR USE WITH 

Р . OLLER BEARING 
wearing plates, the replacing 
of two horns and one cross bar. The average cost of main- 
tenance of the original pantagraphs with the sleeve bear- 
ings was about $185.00 per month or approximately $3.20 per 
1000 locomotive miles. The present corresponding cost of this 
maintenance is about $35.00 per month or 62 cents per 1000 
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miles, showing a decrease of approximately 81 per cent in this 
item. 

It was found in practise that the wooden lining originally 
pressed inside the tube was unnecessary and this was left out 
when the new bearings were installed. 
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The operation of these roller pantagraphs is, therefore, con- 
siderably more efficient than had originally been expected. 

Two 500,000-cir. mil feeder cables in multiple for the trolley 
and one 4/0 cable for the track return circuits were run on the 
trolley line poles between the two substations and other trolley 
feeders run to the yards which were fed separately or in pairs, 
as per Fig. 12. 

Voltmeter and ammeter readings were taken on a number of 
trains to ascertain the drop in voltage and energy consumption 
a summary of which is given in Table VI, from which it will be 


TABLE VI. 
Smelter hill service. Main line service 
Sast Anaconda to concentrator Rocker to East Anaconda 
Train Train Train Ana- Rocker 


No. 1 No. 2 No. 3 | Average |conda to| to Ana- | Average 
rocker | conda 


ey ---.—_--—-—-—- '-—-—- ——-т+-+ : —_-—-—'г—.—_ | ань P 


No. of cars in train... 18 21 25 21.3 64 57 60 
Gross wt. tons....... 1420 1580 1910 16 33 1335 4150 
Ton-miles, gross.....| 9940 11060 13370 11431 26700 83000 54850 
Schedule speed...... 16.1 16.2 14.2 15.5 20.1 20.1 20.1 
Avge. amperes-total.. 580 583 667 610 366 380 373 
Avge. volts......... 2327 2277 2276 2293 2325 2345 2335 
Avge. kilowatts..... 1350 1327 1518 1398 852 891 872 
Max. amperes....... 860 640 800 767 624 640 632 
Maximum volts.....| 2456 2419 24.6 2444 2475 2435 2455 
Мах. kilowatts...... 1951 1500 1733 1728 1368 1510 1439 
Total kilowatt-hrs... 580 560 746 629 852 654 753 
Watthours per ton- 

тйе............. 61.4 50.6 55.82 55.02 31.91 7.87 13.73 
Minimum volts......| 2250 2119 2100 2156 2175 2175 2175 
Max. drop- per cent.. 8.4 12.4 14.5 11.8 12.1 10.7 11.4 
Avge. drop per cent... 5.3 5.9 7.3 6.9 6.0 3.6 4.9 


seen that the maximum drop in voltage obtained was 14.5 per 
cent, while the average drop for all readings was 5.6 per cent. 

The readings making up the averages given were taken at 
30-second intervals for entire trips on locomotives in regular 
service hauling normal trains under average operating conditions 
and are, therefore, fairly representative of general results. How- 
ever, there has been a gradual increase in the weight of the trains 
which might slightly affect the average drop 1n voltage. 

It may be of interest to note that repair work on the 2400- 
volt trolley line is done from an ordinary wooden work car with- 
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out special insulation with full voltage on the line and there has 
been no serious cases of shock to the workmen. 

In wet weather it is not considered safe to work from this car 
with full potential on the line but there should be little difficulty 
in constructing a tower car which would make it quite safe under 
any ordinary conditions. 

The writer wishes to thank herein Mr. C. A. Lemmon, Chief 
Engineer, and Mr. C. H. Spengler, Master Mechanic of the 
Butte, Anaconda & Pacific Railway, Mr. R. E. Wade, now 
Ass’t. Electrical Engineer of the Chicago, Milwaukee & St. Paul 
Ry., who had personal charge of the construction of the Butte, 


Anaconda & Pacific distribution system and Mr. C. J. Hixson . 


and staff for assistance kindly rendered in obtaining the data 
contained in this article. 
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CONTACT CONDUCTORS AND COLLECTORS FOR 
ELECTRIC RAILWAYS 


ВУ C. ). HIXSON 


ABSTRACT OF PAFER 


A general classification of collecting devices is given correspond- 
ing to the existing А. I. E. E. classification of contact conductors. 

Contact rail systems and contact wire systems are considered 
along with their corresponding collectors. 

Many data derived from measurements made upon different 
types of overhead and collecting devices are arranged in the 
form of curves. The application of these various curves are dis- 
cussed and the possibilities indicated for selecting other curves 
to still further express the factors essential to proper collection. 
This method of attacking the problem is a novel one and it is 
hoped that those interested in furthering the cause of better 
collection will be encouraged to assist in making further measure- 
ments. Examples are given of constructions where consideration 
has been given to the factors discussed. Suggestions are made 
as to profitable subjects for discussion. 


HERE has been published within recent years consider- 
able descriptive matter relating to both contact conduc- 
tors and collectors, but as a rule these two types of apparatus 
have been treated separately. It seems desirable that they 
should be considered together, since their successful operation 
depends upon each of them fitting into the requirements of 
the other. It is proposed in this paper to discuss the problem 
of current collection as a whole and in so doing to consider the 
essential factors for successful operation as well as the ways 
and means of attaining such results. 

In order to avoid confusion it seems essential to classify 
both contact conductors and collectors and indicate their re- 
lation to each other. The А. I. E. E. when defining standards 
for electric railways, subdivides distributing systems in two 
classes;'contact rails and trolley wires. In the following dis- 
cussion collectors will be divided into two corresponding classes, 
namely, contact rail collectors and trolley wire collectors. 

The А. I. E. E. classification of contact rails makes certain 
subdivisions with each of which a distinctive type of collector 
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is used. It therefore seems well to follow the same subdivisions 
for rail collectors, namely, third rail shoes, overhead shoes, 
center shoes and underground shoes. 

As regards the trolley wire, the A. I. E. E. subdivisions direct 
suspension and messenger suspension, do not require distinctive 
types of collectors, since any tvpe of trolley 1s likely to be used 
with either type of suspension. Common usage, however, seems 
to have already satisfactorily classified trolley wire collectors 
into wheel trolleys, roller trollevs and slider trolleys. If a 
wheel trolley be distinguished from a roller trolley by limiting 
its width to less than its diameter, these three subdivisions 
become both distinctive and comprehensive for all trolleys. 
Usage has further subdivided the three types above referred 
to by utilizing as a basis the general nature of the frame sup- 
porting the collecting mechanism directly in contact with the 
wire, for example, the pole, the bow and the pantagraph. The 
term which seems to require particular attention at this time 1s 
the word pantagraph, used largely in connection with roller 
and slider trolleys. Although not generally recognized it should 
be noted that wheel pantagraph trolleys were used many years 
before either of the types just referred to, and such trolleys are 
still in regular production. It is therefore apparent that the 
term ''pantagraph trolley" is not definite, since it designates 
a form common to all three types. Pantagraph is also some- 
times used in connection with rail collectors, although if the 
distinction between rail and wire collectors was commonly 
recognized its use would probably be unnecessary. For example, 
the overhead shoe used upon New York Central locomotives 
was recently referred to as a third rail pantagraph trolley. 
In order to avoid confusion or the necessity for describing at 
length each type of collector when referring to it, one of the 
large manufacturers of electrical machinery was forced, a few 
years ago, to adopt the classifications as indicated above, 1.e., 
contact rail collectors are divided into third rail shoes, over- 
head shoes, center shoes and underground shoes, and the con- 
tact wire collectors are divided into wheel trolleys, roller trolleys, 
slider trolleys, with further subdivisions depending.upon the 
nature of the supporting structure. 


CoNTACT SvsTEM 


There is а tendency to refer to the contact conductor and 
its collector as a contact system. In fact, it would seem that 
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the railway committee in its wording of the subjects for this 
meeting, has attached this meaning to the terms. Such a 
construction is at least worthy of the attention of the standard- 
izing committee which might go a step farther and consistently 
subdivide contact systems into contact rail systems and con- 
tact wire systems. 


Сомтаст RAIL SYSTEMS 


Rail systems have béen in successful operation for many 
years with great reliability and with a low cost for mainte- 


Fic. 4—Тн!вр RAIL CONSTRUCTION AND LOCATION 


nance. These systems are particularly adapted for elevated and 
subway work, and are even better suited for conditions where 
it is necessary to quickly change from one to the other. High 
collecting capacity and space considerations as well as there 
being no necessity for an expensive protection for the contact 
rail have contributed to the popularity of the rail system for 
this class of service. The high initial cost, danger to life, 
difficulties from sleet and snow and complications in yards 
have been among the factors preventing its wide application 
to interurban and steam road service. Sleet and snow how- 
ever, are successfully overcome by inverting the rail and 
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using an under running shoe but in so doing the cost is some- 
what increased. | 

The increase in operating voltage has materially changed 
these fundamental considerations. Higher voltages entail 
greater space and greater clearance distances. If an inverted 
third rail is to be used for voltages higher than 1000 it is neces- 
sary in order not to interfere with the standard car equipment 
clearances that the location of the insulators be shifted to some 
other position than that now commonly used. 

Several miles of such a type of inverted third rail having 
the insulator as well as the third rail itself, shifted to a greater 
distance from the track rail, it being used upon a test railway 
at East Erie. 

This rail has now been in use for several years and has been 
satisfactory in every way. The conditions under which it is 
used are not quite as exacting as those of a road in regular 
service but the indications are that it would be satisfactory 
under such conditions. Тһе same type of shoe is used as has 
been in service for many years for underrunning third rails of 
lower voltages. The insulation of the shoe beam, however, re- 
quires porcelain as a supplementary insulation, and it has been 
possible to work this out within the limited space in a satisfac- 
tory way. 

In a series of tests made at Schenectady about a year ago 
in connection with the use of 2400 volts for an overrunning type - 
of third rail system, it was found desirable to increase the 
horizontal distance of the third rail from the track by ap- 
proximately 4 in. more than is ordinarily used for 600 volt work 
and the height above the running rail was increased by about 
6in. Itwasfoundthatthere were times when full energy was 
opened by the shoe on the rail and that the arc might whip 
over to the trucks or other parts of the moving car. 

It is interesting to note that a road in the middle west, in 
connection with the electrification of which these tests were 
primarily made is now in successful regular service operation. 

While there have occurred some short circuits between the 
third rail and the parts of the moving car this does not appear 
to be sufficiently frequent to seriously interfere with regular 
service. 

The third rail shoe employed is of a special design due to 
local conditions and the slipper with its supporting arm is raised 
and lowered by compressed air. (See Fig. 5.) 
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The contact arm is folded up against the side of the car when 
passing through villages so as not to project and be a source 
of danger. During the period that the shoe is not in operation 
energy is supplied through a slider pantagraph trolley. 

In general, a 2400-volt third rail is operative and permissible 
under suitable conditions. 

As a matter of general interest at this time, Fig. 6 shows 
the underground shoe used to supply current to the towing 
locomotive in service along the Panama Canal. 


CoNTACT WIRE SYSTEMS 


Direct Suspension: The direct suspension type of trolley con- 
struction has been in use for many years and 1$ standard for 
conditions involving low speed and moderate amounts of energy. 
For city service direct suspension with a 2/0 or 3/0 trolley wire 
is practically universally used in this country, along with a 
Hei or 6-in. trolley wheel provided with graphite bushings. 

A 4/0 trolley wire was often used in direct suspension with 
the earlier interurban installations. 

For insulation, moulded compound, moded compound with 
mica, wood and porcelain are utilized. Some roads utilized 
moulded insulation suspensions in series with a ball or giant 
strain insulator supported by a wooden pole. Others have 
been content to use a wooden pole along with a single moulded 
insulation suspension. It is rather remarkable how many 
years of successful service these types of insulation have given. 
The wood pole is undoubtedly responsible in no small degree 
for this success. This was quite decidedly shown some years 
ago when an Italian road attempted to utilize standard Ameri- 
can material upon one of its lines equipped with steel poles. 
The short potential distance within the giant strain insulators 
located at every pole caused them to act as excellent lightning 
arresters so that the lightning seemed in most cases to prefer 
this path to that through the arresters. The difficulty was 
finally overcome by placing in series with the giant strain in- 
sulators, an insulator having approximately six inches of wood. 

Since the use of wood for poles and insulators is gradually 
decreasing it is to be noted that porcelain for both strain and 
suspension insulators is gradually being adopted. (See Figs. 
7 and 8.) 

The pole spacing for tangent track has practically been 


standardized at 100 ft. which is shortened at curves depending 
| | 
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upon the degree of curvature. The type of support is either 
a cross span wire or a bracket to which 1$ attached a steel strand 
extending from the end of the bracket to the pole for the purpose 
of minimizing the hammer blow of the collecting device. 

Direct suspension is unquestionably the cheapest type of 
overhead construction, and has performed a very useful service 
in keeping down the initial investments upon the early trolley 
roads, but with the increasing requirements for energy to be 
collected at Ligh speeds it has become necessary to adopt a 
more flexible form of construction. 


MESSENGER OR CATENARY SUSPENSION 


The first installations were made abroad and were primarily 
designed to comply with safety regulations and to provide 
more convenient means of insulating high voltage trolley wires. 
The distance between the supporting points of the trolley wire 
was such that in case the trolley wire broke it would not fall 
to the ground or upon traffic in that vicinity. It was soon 
found that this general type of construction had other advan- 
tages which, with mcdifications, rendered it suitable for the in- 
creased service conditions. To attempt to even outline the 
various arrangements of trolley and messenger wires соп- 
structed and tried out during the past 15 years would bea 
task in itself. The diversity in constructions is often such as 
to indicate fundamentally different conceptions as to what are 
and what are not desirable factors. 

To compensate for the additional expense of messenger 
suspension it is necessary to definitely know just what benefits 
are being obtained over those found in direct suspension. There 
are in existence today certain types of messenger suspensions 
where it is questionable whether the benefits are equal to the 
additional money spent. It therefore seems desirable to discuss 
some factors which have proved to be essential and to indicate 
along what gencral lines still further improvements may be ex- 
pected. It is unfortunate that there is no convenient standard 
of ''successful collection" by which to measure the various 
degrees of collection but by approximating the life and cost 
of maintaining the collector and contact wire along with the 
interest on the investment, it is possible to arrive at a more 
or less final standard. 

If by chance, or otherwise, a high degree of successful collec- 
tions should be attained, there are available no means for 
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specifying in definite units the conditions in such a way as to 
make it possible to reproduce or to maintain this highly de- 
sirable state of affairs. 

In order to overcome this deficiency it seems necessary to 
select different kinds or sets of measurements whose values 
more or less indicate corresponding effects upon successful 
collections. Although no such selection has been generally re- 
cognized, in order to assist in placing the phenomena involved 
upon some sort of an engineering basis it seems well to indicate 
how some slight progress at least has been made along such 
lines. 

UNIFORM FLEXIBILITY OF CONTACT WIRE 


Within the last few years it has come to be generally re- 
cognized that ''uniform flexibility" is possibly the greatest 
factor in ''successful collection." 

When the collector passes beneath the wire, a wave is pro- 
duced extending one hundred and fifty feet or more, in either 
direction, depending upon the pressure. The crest of this 
wave is practically always just over the collector and the height 
of the wave at any point depends upon how elastic the wire 
is at that particular point. It is evident that weights due to 
section insulators, splicing sleeves, hangers, crossings and other 
devices attached to the wire will produce hard spots directly 
proportional to their weight. ° 

As regards elasticity at the hanger, not only is the weight 
of the hanger a factor, but still more important is the weight 
of the wire which it ар and the lifting action of the mes- 
senger wire. 

This effect of the ЕВЕ wire 1s of great assistance in 
increasing the wave height of the trolley wire but unless the 
hanger is designed so as to permit of a still further free upward 
movement of the trolley wire after the effect duc to the mes- 
senger wire ceases, the’ trolley wave will be restricted by the 
hanger having to lift the weight of the messenger. It is thus 
apparent that an improperly designed hanger may result in 
producing a trolley wire supported by a messenger suspension 
which will actually give worse collection than a trolley wire 
supported by a direct suspension system. Installations of 
this type are in existence and it is possible to show by direct 
measurements what it is necessary to do in order to correct 
the major portion of the difficultics with the collector and to 
put an end to the rapid deterioration of the trolley wire at 
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points of support. Fig. 9 shows the exact measure of what 
takes place. The dotted curve shows the normal position of 
the loaded messenger with the trolley wire at rest. The full 
line curve above the dotted curve shows the position to which 
the messenger will rise at the various hangers when relieved of 
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Fic. 9— TROLLEY WAVE CREST CURVE FOR ONE SPAN AND CORRES- 
PONDING POSITION OF MESSENGER 


the weight of the trolley wire by the upward pressure of the 
collecting device. In order to illustrate what takes place, at 
hanger No. 2, the curve shows that with 30 lb. pressure due to 
the collecting device, the trolley wave will be about 31 in. in 
height. It is also seen, from the distance between the dotted 
and full line curves for the messenger wire, that at the same 
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Fic. 11— TROLLEY WAVE CREST CURVES AT DIFFERENT COLLECTOR 
PRESSURES FOR THE SAME SPAN 


time this pressure is applied to the trolley wire the messenger 
wire will rise 2 in. Therefore, if the hanger is free to continue 
its upward movement after the messenger has ceased to rise 
the hanger will be shoved 1} in. farther up than the position 
where the unloaded messenger wire stopped going up. Fig. 10. 
shows a hanger which allows this action to take place. 
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Fig. 11 shows how different collector pressures increase the 
trolley wave crest curves as the pressures increase. 
The arrangement and general type of the suspension also 


Fic. 12—TROLLEY WIRE WAVE CRESTS UPWARD PRESSURE 30 LB. 
Loop ТҮРЕ oF HANGER 


o—Catenary with auxiliary, 9 ft. sag, 330 ft. span 
6 —Simple catenary, 9 ft. sag, 330 ft. span. 

с —Simple catenary, 5.5 ft. sag, 330 ft. span 

d —Simple catenary, 20 in. sag, 150 ft. span 


have an effect upon the shape and height of the wave crest 
curves, that is, upon the uniformity of the flexibility of the 
trolley wire. Fig. 12 shows wave crest curves corresponding 
to the construction shown in 
Fig. 13. It will be noted that 
although type А has a second 
messenger wire parallel to the 
trolley wire which has had the 
effect of somewhat reducing 
the distance between the max- 


COE Tension ( Troftey) 
200 Lb., Constant 


B Tension (moe). j| inum and minimum values 
1200 Lb., Constant . : 

that the improvement is not 

very great over that shown 

- for type С which is for the 

| Meat шры 1 те ын 4 same length of span but with 


a single messenger wire. Type 
D shows the effect of a single 
. 8 messenger when used with a 
| ТЫГЕ span of 150 feet. It will be 
D ы Howie noted that in all of them the 
to 1950 Lb. AS 

most rigid portion of the 
Fic. 13 trolley wire is near the point 
of support and that the dif- 

ference between them near that point is not very great. 
The considerations discussed as entering into the flexibility 
thus far have applied particularly to tangent spans which is 


1486 І HIXSON: CONTACT SYSTEMS [July 1 


the easiest part of the problem. At curves where pulloffs are 
required the weight of these has to be reckoned with. Fig. 14 
shows a very satisfactory arrangement of pulloffs. 

In order to obtain the highest degree of uniform vertical 
flexibility of the trolley wire, each special construction requires 
a treatment peculiar to itself. Such cases are sidings, low 
bridges, tunnels, section insulators, splicing sleeves, feeder ears 
and other devices adding weight to theline. In general, however, 
it may be noted that with an increasing appreciation of the 
importance of this factor, means for introducing artificial 
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Fic. 17 —PRESSsURE CURVE 


POLE WITH PANTAGRAPH FRAME— TAKEN 
AT NoRMAL OPERATING HEIGHTS AND 
30 LB. UPWARD PRESSURE —PANTAGRAPH ROLLER 


Wheel trolley, 12-ft. pole and 9.5-lb. wheel and COLLECTOR — MAXIMUM 
harp. Roller trolley, roller біп. diam. 24 in. long. WORKING PRESSURE 


flexibility will doubtless be employed where it 1s not possible 
to attain the desired result in some other way. The principle 
of preventing injury to the wire rather than repairing it after- 
wards is in line with the general tendencies of these times. 

It 1s to be noted that the data given thus far relative to 
uniform flexibility have been obtained upon wires at rest. It 
is appreciated, however, that the inertia of the moving collector, 
as well as the fact that the weights of the parts constituting 
the overhead construction have to be accelerated, involve still 
other factors in successful collection. The exact measures of 
these are not considered at this time, but it is certain that the 
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values of these factors are closely interlinked with the charac- 
teristics of the collection device. 


і 


TROLLEYS 


It is known that the pole-supported trolley wheel is much 
quicker in its action than the heavier roller and slider panta- 
graph trolleys. Fig. 15 shows the distance-speed relation of 
these two types of collectors. The roller trolley referred to 
is shown in Fig. 16. 

Since the trolleys must operate over a range in some cases 


| San и Rus Dum. 0.488 In 
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150 
NUMBER OF TRIPS OVER WIRE 
Fic. 18—SLipiNG-CoNTACT TROLLEY CURRENT COLLECTION 


New wire at beginning of run 

Wear on 0000 grooved copper troiley wire 

Double-pan collector with eight 1 1n. copper contact strips 

Reciprocating motion, 4 ft. travel, 100 times per minute. 

Lubncated with 2/1 mixture of 107 motor grease and graphite, by weight. 


as great as 9 ft. it is important to know what the pressure 
against the trolley wire is at various heights of the collector. 
Fig. 17 shows this relation for the roller trolley. 

When speeds of 60 mi. per hr. and currents of 2000 amperes 
and more have to be considered, it is found desirable to employ 
a slider type of trolley. In order to investigate just what the 
effect of a slider would be upon the wear of a trolley wire be- 
tween points of support, a series of tests were made in a test- 
ing machine in which the collecting strips were moved back 
and forth a definite distance under trolley wires. Figs. 18, 
. 19, and 20 show the results of these tests. 
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Wear on 0000 grooved copper trolley wire, 
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Wear on 0000 grooved copper trolley wire. 
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Reciprocating motion, 4-ft. travel, 100 times per minute. 

Lubricated with a 2/1 mixture of 107 motor grease and graphite, by weight. 
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DouBLE TROLLEY WIRE 


Along with this problem of high speed and great capacities 
it was found desirable to employ two trolley wires hung side 
by side with the supporting points so spaced that the hangers 
on one wire come midway between the hangers on the other 
wire. This results in a great improvement in the uniformity 
of the flexibility of the trolley wire as well as an increase in the 
collecting and conducting capacity. 


EFFECT OF WIND 
The effect of wind upon the overhead construction has always 
been a subject of considerable uncertainty, and in order to 
definitely measure as far as possible such effects upon different 


В 330 Ft Simple Catenary, 9 Sag, 
with Steady Braces. 

А 330 Ft Catenary, with Auxiliary 9 Sag, ` 
with Steady Braces. 

C 3% FL Simple Catenary. 5' 6 Sag, 
with Steady Braces. 


WIND M P.H. 


Fic. 22— TROLLEY WIRE DISPLACEMENT DUE TO WIND 


types of overhead constructions, a series of tests was made, 
in which weights were attached at each hanger which corres- 
pomnded to different wind pressures. The general arrangement 
of the weights are shown in Fig. 21. The effect of the wind 
upon the constructions are shown in Fig. 22. 

In conclusion it might be said that there are many other 
problems which might be discussed with profit, among which, 
in connection with the overhead construction might be men- 
tioned: 

1. The use of deflectors or other devices at sidings. 

2. The best method of section insulation. 

3. Convenient means for taking up slack at anchorage vs. 
autornatic take-up devices in conjunction with the introduction, 
artificially, of elasticity into the line. 
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4. Elimination of splicing sleeves, particularly of the soldered 
type. 

5. The necessity for staggering the trolley wire and frequency 
of steady braces against sections of the wind. 

6. Construction at tunnels and bridges both as regards in- 
sulation and collection. 

7. The necessity for uniformity in the safety factors allowed 
in different parts of the country. 

8. The best method of arranging ''ticklers" for warning the 
brakeman of approaching bridges or tunnels upon electrified 
lines. 

In regard to the problems which might be discussed in con- 
nection with trolleys might be mentioned: 

1. The desirability of the air-locked vs. the air-raised type. 
. Height of the trolley wire. 

. Width of contact strips. 
. Shape of horn. 
. Clearance allowances between trolley and permanent way. 

The author desires to express his appreciation of the as- 
sistance of Mr. G. W. Bower and Mr. C. G. Lovell in the prep- 
aration of this paper. 
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THE TREND OF ELECTRICAL DEVELOPMENT 
President's Address 


BY PAUL M. LINCOLN 


N ANNUAL address by the president of our Institute is 
more than a perfunctory affair. It is a constitutional 
requirement. It is enumerated specifically in our constitution 
among the duties of the president—‘ He shall deliver an ad- 
dress at the annual convention." 

It has occurred to me that in my address on this occasion 
it might be well to trace the progress of some of the develop- 
ments and practises that have marked the path that the elec- 
trical engineer has traversed in the past, with a view of obtain- 
ing some idea, possibly, as to whither these paths may lead us 
in the future. Insofar as this method incorporates a review 
of the past it presents no particular difficulty; but when it 
involves a prognostication of what a continuation along any 
particular line of development will finally lead to, it delves 
somewhat into the realms of prophecy. I realize full well that 
anyone who attempts to deal in prophecy among the inven- 
tions and developments of this day and age is running a grave 
risk, and I therefore do not propose to wander far from what 
Г conceive that the trend of present development will carry 
us toward in the future. | 

In the matter of efficiency, it has always been recognized 
that electrical apparatus is in a class by itself. Mechanical 
energy can be converted into electrical by a generator, or vice 
versa, by a motor, at an efficiency ranging up to as high as 97 
per cent, or even more in the most favorable cases. I think 
it is a safe statement to say that the average efficiency of 
the conversion of mechanical energy into electrical by genera- 
tors, or electrical energy into mechanical by motors, including 
all sizes under actual operating conditions, will reach 90 per 
cent. There are, of course, many cases where the efficiencies 
are lower than 90 per cent. On the other hand, there are 
many cases where the conversion is carried on at much higher 
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efficiencies, and I believe that the assumption of 90 per cent 
as an average figure is not far from the truth. Owing to the 
fact that the size of the average electrical generator is much 
greater than that of the average motor and that it is possible 
to operate the generator at higher average loads than in the 
case of the motor, it must be apparent that the average effi- 
ciency in converting mechanical energy into electrical energy 
is higher than in the reconversion of this electrical energy back 
into mechanical. The average generator efficiency is un- 
doubtedly well above 90 per cent, while it is doubtful if the 
average motor reaches so high a figure. However, the general 
conclusion I would draw from these figures is not modified by 
this difference between generator and motor. This conclusion, 
which must be apparent to anyone, is that no development 
of а revolutionary character can be looked for in this respect. 
Our ability to convert mechanical energy into electrical, or 
vice versa, has reached so high a value that even if we could ob- 
tain perfection itself we could add only a matter of 10 per cent 
to what we have already accomplished. This conclusion must 
hold unless the law of conservation of energy is revoked, and 
I am not predicting any suspension of that law. 

When we come to deal with the efficiencies by which elec- 
trical energy in one form is transformed into electrical energy 
of another form, efficiencies are found to be still higher. The 
efficiencies of some of our larger transformers, for instance, ex- 
ceed 99 per cent. The'synchronous converter, in which alter- 
nating current is changed into direct, attains efficiencies ap- 
proaching 98 per cent. It is evident that perfection itself could 
not add greatly to existing performances and hence nothing 
revolutionary may be expected along this line in the future. 

When we come to consider the prime mover, we find a mar- 
velous improvement in recent years. Taking up first the water- 
wheel, the early attempts to develop power at Niagara Falls 
constitute a significant commentary upon the status of the 
waterwheel at that time (the late 60's and the early 70's). 
About that time the building of what is now known as the 
Schoellkopf canal at Niagara Falls made available a head of 
about 215 ft. at the edge of the cliff below the falls on the Ameri- 
can side. Of this 215-ft. head, these earliest wheels used only 
some 15 or 20 ft. for some of the least progressive, and from 
there up to possibly 40 or 50 ft. for the more progressive. After 
passing through the wheels under this head, the water was 
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then discharged at the face of the cliff and fell uselessly for the 
remainder of the distance, much to the detriment of the scenic 
beauty of the bank. And not only was it impossible at that 
time to obtain waterwheels that would work under more than 
these very limited heads, but the efficiencies of such as were 
used were very far below those attainable now. Today, water- 
wheels have no limit in head, except that imposed by the strength 
of available materials, and efficiencies ranging up to 90 per cent 
are expected as matters of course. Improvements in water- 
wheel design will, of course, continue, but perfection itself 
would add but a matter of 10 per cent to the best of our modern 
practise, and not to exceed 20 per cent to 25 per cent to the 
worst. Therefore, in waterwheels, as well as in motor and 
generator practise, we are approaching the limits set by natural 
laws almost as closely as human ingenuity can be expected to 
attain. No startling or record-breaking developments need 
be expected along these lines so long as the law of conservation 
of energy holds. 

In thermodynamic engines too, the last few years have seen 
marvelous improvement. The reciprocating engine of Watt 
has largely given place in recent years to the steam turbine, 
and the use of the turbine has enabled us to attain efficiencies 
in thermodynamic conversion that were out of the question 
with the reciprocating engine of Watt. In the thermodynamic 
conversion the law of conservation of energy takes a peculiar 
form. No conceivable method of thermodynamic conversion 
can begin to transform all of the energy contained in a lump 
of coal, for instance, into dynamic or mechanical form. If 
the heat contained in the coal is used to heat a fluid and that 


_ fluid is used in a thermodynamic engine, the maximum mechanical 


energy that can be taken from that engine can bear no greater 
ratio to the total heat imparted by the fuel to the fluid than 
the actual range of temperature used in the engine does to the 
maximum absolute temperature of the fluid as it enters the 
engine. The efficiency which would result by the use of this 
ratio of temperature ranges is that which would result if what 
is known as the ‘‘ Rankine cycle efficiency" were 100 per cent. 
Some of the best of our modern steam turbines have attained 
to as high as 75 per cent—or possibly a little more—of this Ran- 
kine cycle efficiency. In these most perfect engines, therefore, 
perfection itself would not add more than 25 per cent or such 
a matter. It should be particularly borne in mind that this 
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statement is true only of the best of modern practise. It is 
not true that the average of modern practise attains anywhere 
near this degree of perfection. It is only with prime movers 
of the largest size and most modern design and construction 
that so close an approach to the ideal can be attained. As 
capacity is reduced it becomes rapidly more and more difficult 
to attain the higher degrees of economy in thermodynamic 
machines. This must always remain one of the potent factors 
іп the economics of power supply. Itis, and undoubtedly always 
will be, one of the fundamental reasons why central station supply 
of electric service must prevail as against isolated plant supply 
for the same service. Тһе central station can, of course, use 
units which are very large in comparison, and can be worked 
at much higher average loads than must necessarily be the 
case with an isolated plant. 

One obvious means that has been suggested to improve the 
efficiency of the thermodynamic engine is to increase the tem- 
perature range through which the working fluid 15 used. When 
using water or steam as the fluid in our heat engine, there are 
certain practical limitations to the temperature range which is 
available and the temperature range cannot be materially ex- 
tended over the best of modern practise. The only two ways 
to extend this temperature range when using steam are to in- 
crease the superheat or increase the pressure. Increasing the 
superheat over the best modern practise does not promise results 
commensurate with the expenditure of heat to obtain this super- 
heat, since increasing the temperature at one end of the heat 
cycle simply involves a loss in the efficiency at the other end. 
There is a rather definite limit to superheating of steam beyond 
which it is useless to go. Increasing the steam pressure does 
promise results, and it 15 probable that the tendencies for the 
future developments in thermodynamic engines will be toward 
these higher steam pressures. 

Another promising method of increasing temperature range 
is that to which attention has been called during the last year 
ог two by Мг. У. L. R. Emmet of Schenectady. Не has 
called attention to the advantages of using mercury as the work- 
ing fluid in a heat engine for temperature ranges above those 
available with steam. After working the mercury through a 
given temperature range, the heat remaining in the mercury 
is transferred to water and the steam thus made available 1$ 
again worked through a lower temperature range. The ad- 
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vantages of this are that the steam is in practically all respects 
the same as in standard steam turbine practise and the mercury 
cycle is closely similar to the steam. Additional energy is 


made available from the same amount of initial heat, due to the . 


greater temperature range obtainable by the use of the mercury. 
The main disadvantage is the poisonous nature of mercury 
vapor and the difficulty of absolutely preventing its leakage at 
the high pressures and temperatures of the mercury boiler. 
These practical difficulties make it too early to predict whether 
or not this method will work out as a feasible solution of the 
thermodynamic engine problem. However, it can be said that 
without some such method or device, the future 1s apt to bring 
no revolutionary improvements in thermodynamic engines over 
the best of modern practise Improvements of course will 
undoubtedly continue to take place, but it cannot be hoped 
that the improvements of the future will be of the same revolu- 
tionary character as the improvements in the thermodynamic 
engine which have taken place within the last 10 or 15 years. 
Here again we are approaching so close to the law of conserva- 
tion of energy that it is safe to make a prediction of this nature. 

In the matter of size and capacity of generating units, it can 
safely be said that this is a consideration that will hereafter 
be fixed by the conditions to be met and not by any inherent 
limitation in our ability to produce units of any desired out- 
put. We now have units of 30,000 kw. capacity in service and 
still larger ones projected, and no limitations of design or material 
appear of such a nature as to place a stop to further progress 
along the same line. 

At Omaha, in June 1898, the then president of our Institute, 
Dr. А. Е. Kennelly, made an inaugural address upon the topic, 
“Тһе Present Status of Electrical Engineering." This address 
constitutes a very convenient milestone by which to judge our 
progress since that time, and in this address I will take the 
liberty of quoting freely from this 1898 address of Past Presi- 
dent Kennelly. In the matter of generator sizes, he says, 
“Іп 1884 а 50-kw. dynamo was considered a large machine, 
while a 100-kw. Edison steam dynamo was justly called a 
‘jumbo’. At present the largest size of generator built or 
building is of 4600-kw. capacity." In the 14 years from 1884 
to 1898 the maximum size of generator therefore increased 46- 
fold, while in the 17 years since that time, the increase has only 
been about 7-fold. While the increase in capacity therefore 
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has been a marked one, the rate of increase has not been so 
rapid during the last 17 years as it was in the previous 14 years, 
a result which naturally might have been anticipated. The 
future will undoubtedly continue to produce larger and larger 
capacity machines, the limit as to size being dictated by plant 
capacity and economic considerations and not by any inability 
to produce the larger sizes. 

In the matter of selling price of such apparatus the follow- 
ing extract from Kennelly in 1898 may be of interest: ‘‘ The 
price of dynamos in 1882 was about 20 cents per watt of 
output, while dynamos of similar running speed for compara- 
tively small sizes without switchboards now cost about 2 cents 
per watt." The speed and size of these units is not mentioned, 
but it may be said in comparison that nowadays prices are 
frequently quoted below onc-half cent per watt. In this respect 
again, the improvement in the last 17 years has not been so 
marked as it was in the 14 years previous, a result that is only 
to be expected. In the next succeeding period it is probable 
that a still smaller degree of improvement will occur. We are 
approaching a saturation point in this respect. 

It may be well to point out some of the reasons for this ap- 
proach to saturation in the matter of costs. The two funda- 
mental costs of electrical apparatus are those of labor and 
material. In regard to the item of labor, I submit that it is 
safe to predict that the tendency for the future will be for the 
cost of labor to increase rather than decrease. Economies in 
the use of labor will undoubtedly take place by the introduc- 
tion of the methods of scientific management, etc., but these 
need not be expected to be revolutionary in character so far as 
cost of apparatus is concerned. The tendency of the labor 
item wil unquestionably be toward appreciation rather than 
depreciation. 

In regard to the item of material, modern design has ap- 
proached very close to the physical limits of available materials. 
Take, for instance, the property of permeability possessed by 
irons. With higher permeability, making available greater 
flux densities, the cost of electrical apparatus might be con- 
siderably reduced. "That the future will bring some improve- 
ment in this respect is unquestionable; but it is further highly 
improbable that this improvement will be of such a revolu- 
tionary character as to cause any sweeping change in the cost 
of electrical apparatus. 
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The hysteresis and eddy current losses that take place 1n irons 
and steels that are subjected to varying magnetic fluxes consti- 
tute another of the limits encountered in the design of electrical 
machines. Marked progress has been made in this respect in 
recent years. Our modern transformer steels in the matters 
of losses and iron aging qualities show a vast improvement 
over those formerly available. Unfortunately, these improve- 
ments have so far been accompanied by a decrease in perme- 
ability which is highly objectionable, particularly in rotating 
machinery. Unquestionably, further improvements will be 
made in the magnetic qualities of our irons and steels, but these 
improvements will probably make no revolutionary change in 
the costs of electrical apparatus. 

The conductivity of copper and other metals is another 
physical property that sets a limit to the output and cost of 
. our electrical apparatus. Apparently we have reached a defi- 
nite limit in this respect. The conductivity of the copper 
of commerce is within an extremely small percentage of that 
of pure copper and we cannot expect to obtain a higher con- 
ductivity in copper than that of purity. There remains, of 
course, the possibility of using some metal other than copper, 
but at this present time there is very little promise in that 
possibility. "There is apparently no metal that even approaches 
the space and cost characteristic of copper that makes it so 
essential to the construction of electrical apparatus. Aluminum 
is a competitor only when the volume of the conductor is not 
an essential element in design, as a transmission line and the 
like. 

One of the most pressing of our existing limitations to a reduc- 
tion in cost of electrical apparatus is that fixed by temperature 
rise. The output of a piece of electrical apparatus increases 
with the temperature rise, and the temperature rise in turn is 
dictated by the point of balance between the rate at which heat 
is put in and that at which it is taken out of a máchine. The 
rate at which heat is put in depends largely upon such physical 
characteristics as hysteresis and permeability of iron and con- 
ductivity of copper, which characteristics are already being 
crowded to the limit by our modern designs. The rate at 
which heat is dissipated depends upon the efficacy of the ventila- 
tion methods used, and in this particular there is a considerable 
opportunity for improvement. The methods and devices for 
taking heat out of machines are just as important, when con- 
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sidering tempcrature rise, as the prevention of heat from enter- 
ing. While there is unquestionably room for considerable im- 
provement in this particular, there is a question as to whether 
it will cause any material reduction in the cost of such ap- 
paratus. The additional cost of applying the more efficient 
methods of dissipating heat will go far toward nullifying their 
tendency toward a reduction of cost. 

However, there is one line of development that does promise 
some reduction in cost, and that is the tendency toward higher 
operating temperatures. In the past, the maximum operating 
temperature has been fixed by the disintegrating point of fibrous 
insulation, and this point has placed a very definite and logical 
limit to temperature rises in such machines. However, when 
types of insulation are used which do not have this definite 
temperature of disintegration, this reason for such a tempera- 
ture limit disappears. Just how far we can go in apparatus 
temperatures without exceeding the safe limits of these heat- 
resisting insulations is as yet problematical. However, a limit 
to an indefinite extension in this direction is set by the tempera- 
ture coefficient of copper conductors, the property that causes 
the resistance to rise with increasing temperature, thereby 
causing still higher losses and in turn still higher temperatures. 
If we go high enough, we will reach a point of unstable equilib- 
rium in this temperature rise curve, where the apparatus will 
literally and automatically “burn out." This point is, of 
course, far above anything that is projected at the present 
time, but while we are looking for limits, we might as well 
recognize that such a one exists. 

In the matter of power production therefore, although we 
have steadily improved in the past, both as to costs and as to 
performance, and although we may expect to continue this 
steady improvement in the future, we must not expect that these 
improvements will be of the same revolutionary character as 
they have been in the past. We can see ahead of us a definite 
limit beyond which it will be impossible to improve the methods 
of power production now in use. I do not mean to say that 
there will be no new or revolutionary methods developed in 
the future, but so long as we continue to get our power from 
falling streams and burning coal, we need not expect to see the 
same radical improvements in the future as have distinguished 
the past. To illustrate my point more fully, let us consider 
the nature of a water power. Water is evaporated by the 


[June 29 


‚ from enter- 
iderable im- 
is to whether 
of such ap. 
ore efficient 
litving their 


oes promise 
ward higher 
n operating 
t of fibrous 
and logical 
ever, when 
nis definite 
д tempera 
apparatus 
hese heat- 
er, à limit 
e tempera 
hat causes 
‚ thereby 
рег atures. 
Je equilib 
ratus vil 

int 1$ 0 


1915] LINCOLN: PRESIDENT'S ADDRESS 1499 


action of the sun and is carried miles above the earth into the 
clouds. Here it is precipitated in the form of rain or snow and 
falls on the earth. The streams carry this water back to the 
ocean and it is then ready to repeat the cycle. Our existing 
water powers utilize an almost infinitesimally small part of this 
water over an almost infinitesimally small part of the total 
height to which the sun carried it. Insofar as is concerned 
the water we use over the head through which we use it, we do 
fairly well, but the part of the sun's energy which we thereby 
realize is so infinitesimally small that it puts us to shame. 
some Westinghouse or Edison of the future will show us how 
to use the sun's energy directly. The point I wish to make is 
that the revolutionary improvements in power production meth- 
ods of the future must come in a fundamental change of. 
method rather than in the continued improvement of existing 
methods. 

So much, then, for the methods of producing power. In the 
matter of utilization of power a few comparisons with the past 
may not be amiss. As indicated early in this address, the mod- 
ern motor has reached a stage, insofar as efficiency 1s concerned, 
such that little improvement may be expected. We are within 
a comparatively small percentage of perfection in this respect. 
The progress of the future will undoubtedly come from improve- 
ments in methods of application, and in this direction the field 
is inexhaustible. For instance, the problem of applying elec- 
trically the large amounts of power which are demanded by our 
modern railroad trains has not yet received a solution which 
is satisfactory to all concerned. That the problem will be 
solved there is no doubt in my mind, but just how, is a question 
that I do not propose to discuss in this address. However, 
this is only one of the many problems that confront the elec- 
trical engineer. Тһе devising of methods for the application 
of electricity to our modern industries constitutes the occupa- 
tion of no small part of our fraternity; as witness the many 
pages in our PROCEEDINGS that have been occupied during the 
past years by the activities of the Industrial Power Committee. 
It is along this line that we may expect much of what the future 
may have to offer us of a revolutionary character. 

In the field of electric lighting there have been developments 
of importance. After the telegraph, in point of time, the electric 
light was the first practical application of electricity. 

Most of our modern development in electrical engineering 
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has taken its initiative from the supply of electric lighting to 
our communities. In this matter of electric lighting let me 
quote again from Kennelly's 1898 address: Не says, '' The 
price of a 16-candle power incandescent lamp 16 years ago was 
about $1.00. Now it is about 18 cents. The best lamps at 
that time, under laboratory conditions, gave about 0.28 mean 
horizontal normal British. candle power per watt, and under 
commercial conditions about 0.20. Тре highest pressure for 
which they could then be obtained was about 110 volts. At 
the present time, lamps are obtainable giving normally 0.4 
mean horizontal British candle power per watt, while under com- 
mercial conditions the average lamp normally develops about 
0.25 candle per watt. 'They can also be obtained (at 0.25 
candle per watt) for pressures up to 240 volts, and are fre- 
quently installed on 220-volt mains." 


Kennelly therefore records an improvement in 16 years of 


about 50 per cent in cost of lamps to the consumer and about 
50 per cent in efficiency. The introduction of the metal fila- 
ment lamp has enabled us today to record a much greater rate 
of improvement in efficiency than Kennelly did. He reported 
an improvement of about 50 per cent in efficiency in the 16 
years previous to 1898. In the 17 years since Kennelly wrote, 
we have improved our maximum efficiency about 1000 per 
cent, an advance which is truly marvelous. But here is a field 
where we have a long way to go yet without reaching a possible 
limit. It is true that the melting point of the now available 
materials seems to place the limit of lamp efficiency at a point 
not much higher than that which we have at present. How- 
ever, when we come to compare the efficiencies of even our best 
lamps with that attained by the fire-fly it is evident that we 
still have a long way to go before we have reached perfection. 

In the matter of power transmission, progress during the 
past few years has been remarkable. In 1898 the record reads:— 
' The electric transmission of the power of falling water is a 
branch of engineering that has come into service since 1884, 
and is making rapid strides, owing to the recent successful 
employment of high voltages and multiphase alternating cur- 
rents. It has been estimated that about 150,000 kw. of this 
class of machinery is installed on the North American conti- 
nent, commercially transmitting power to various distances up 
to 85 miles, at various pressures up to 40,000 volts." Since 
Kennelly wrote, 17 years ago, the maximum transmission volt- 
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ages have gone up about 33 times; the maximum then was 
40,000 and now is 150,000 volts. The maximum distance of 
transmission has gone up about 34 times, 245 miles as against 
85, and the installed capacity of water power plants on the 
North American continent about 9 times, 1,350,000 instead of 
150,000 kw. Kennelly also mentions in his record that “іп- 
sulation testing sets have been made for producing alternating 
pressures up to 160,000 volts effective." In this respect we 
can go at least 10 times better than he reported, 1,000,000 
volts from transformers having been made available on more 


than one occasion, and in some cases the voltage available 


from transformers has been pushed even higher. This matter 
of power transmission is a branch of our industry wherein the 


progress of the last 17 years since Kennelly made his record ' 


has advanced with probably greater rapidity than in any other 
branch. I feel very sure that the president of our Institute 
who comes along 17 years hence and compares the then con- 
ditions with my record will not be able to claim any such ad- 
vance as that we now may claim over 1898. This follows be- 
cause we are approaching some fairly well defined limits in 
these matters. For instance, in the question of increasing 
transmission voltages we are close to the corona limit. The 
appearance of corona in the transmission line means the con- 
tinualloss of power and therefore corona cannot be tolerated 
to any appreciable degree. There are, of course, methods of 
increasing the voltage range somewhat before corona is pro- 
duced, such as increasing conductor diameter, but it can be readily 
seen that the limits of such remedies will be reached long before 
transmission voltages have increased by the same ratio as they 
have in the past 17 years. 

Another limit that we are approaching in the matter of power 
transmission is the economic one. Transmitted power costs 
more than that generated at the point of delivery on account 
of the cost of and the losses in the transmission line. There 
obviously is a limit to the investment that can be made in 
transmission lines and still be able to supply power with the 


Same economy as it can be generated upon the ground. This: 


consideration, coupled with the rapid advance in methods of 
generating power from steam, has in my mind placed an 
economic limit to the transmission of water power so that we 
cannot expect any such advances in the future as the past 10 
or 15 years have given us. That there will continue to be 
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improvement and advance, no one can doubt, but its rate will 
certainly be diminished. 

Transmission by high-voltage direct current has received 
some attention of recent years. While there 1s no question but 
that the problems of pure transmission are much simplified by 
the use of direct current, the accompanving problems of the 
generation and utilization are so much intensified that nothing 
is to be gained in this manner. I would predict no material 
advance for the future in direct-current transmission of power 
unless some means, as yet undeveloped, is found by which its 
generation and utilization are made easier and safer than 1s 
possible at present. 

And so we might go on indefinitely and draw comparisons 
with past practises. Always we find progress, always also we 
find that the rate of progress is not so high now as it was in 
previous years. This is but the working out of a natural law. 
Electricity is no longer the infant that 1t was formerly pictured, 
and cannot be expected to continue the rate of growth of the 
infant. It is attaining the vigor and strength of manhood. 
It 1s contrary to natural law that either a child or an industry 
can have rapidity of growth and at the same time strength 
and stability of character. Unquestionably the rapidity of our 
development 1s not so great now as it was when Kennelly spoke 
in 1898, and in this respect we are but following a natural law. 
At the same time, our vocation is acquiring a stability and 
permanence that are absolutely incompatible with the rate of 
growth that characterized its earlier years. 


An address delivered at the Annual Meeting of the 
American Institute of Electrical Engineers, New 
York, Мау 18, 1915. 
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HOW BELL INVENTED THE TELEPHONE 


— 


ВУ THOMAS A. WATSON 


T IS my privilege and pleasure to speak to you of the 
invention of the telephone, with which event it was my 
good fortune to be connected, my association with Prof. Bell 
as his mechanical expert having brought me into close touch 
with nearly all his experiments both before and after his great 
discovery. 

I shall try to tell the story as it impressed itself on my mind 
in those early days when I was a young man of about 20, just 
out of my apprenticeship as a maker of electrical apparatus, 
intensely interested in my work, and with a full share of youthful 
enthusiasm. In my story, I shall not use the terms and for- 
mulas of modern telephony, for they would certainly be out of 
place in speaking of the time when that science, now so com- 
plex, was contained in one human brain. 

It was in the year 1875 that the telephone emerged from 
the mists of the unknown into а world that had no dynamos, 
no electric motors, no trolley cars, no storage batteries, no 
electric lights, no wireless telegraphs, no steam turbines, no 
gas engines, no automobiles, and no professional electrical en- 


gineers, for none of our universities had up to that time offered | 


to their students electrical courses. 

Those men we all revere—Davy, Faraday, Henry, Volta, 
Oersted, Ohm, Maxwell, Thomson, and others, had already 
laid the deep and sure foundations on which modern electrical 
practise has been built, but apart from the tclegraph, electricity, 
as a practical utility, had scarcely entered the daily life of man. 

In 1874 in place of the great electrical manufacturing es- 
tablishments of the present day, there were a few crude little 
work shops scattered throughout the country, eking out a pre- 
carious existence chiefly by making telegraph instruments» 
school apparatus, call bells, annunciators, etc., and also experi- 
mental apparatus for the many inventors who utilized the 
meagre facilities of those shops to put into practical shape 
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their electrical projects. This was an important feature of the 
electrical activities of that time, for although the work of these 
men was for the most part obscure and unfruitful, they were 
undoubtedly the leaders in the great awakening to the practi- 
cal possibilities of electricity that began about the time of 
which I am to speak, and which has since then produced such 
tremendous results. 

In 1874 I was employed as a mechanician in one of the most 
important of these shops in the United States. It was in 
Boston, owned and operated by Charles Williams, trained as 
an apprentice of that famous electric antique, Daniel Davis. 
Williams, when he was very busy, employed about fifty men, 
but while I was with him his works seldom ran at more than 
fifty per cent of their normal capacity. His tools were almost 
entirely hand lathes. His shop possessed no milling nor screw 
machine nor had it even a metal planer. Practically all his 
work was done on hand lathes or with the vise and file. He 
had one 16-inch engine lathe, to operate which was the highest 
earthly aspiration of his apprentices. It wasn't in good con- 
dition, for one of the boys had run a boring tool into the hole 
in the spindle so the live center wiggled badly, but we managed 
to do some rather difficult and accurate work on it in spite of 
its defects. 

Into Williams's dismal and poorly equipped shop Alexander 
Graham Bell came, іп the year 1874, to get his "harmonic tele- 
graph” invention put into practical shape. J. B. Stearns had 
just then perfected the '' duplex telegraph " which would send 
two messages simultaneously over a single wire. Prof. Bell 
was sure his invention would send at least six or eight. My 
work at Williams'sat that time had become largely making 
experimental apparatus for inventors and I am glad to say 
that Prof. Bell's work was assigned to me. 

Prof. Bell was very enthusiastic over the possibilities of his 
telegraph on which he had been studying ever since his arrival 
in the United States in 1872. Its operation depended, as you 
know, on the fact that a stretched string or a tuned reed will 
be set into vibration when impelled by a succession of impulses 
corresponding in number per second to its pitch. Неге is one 
of Bells telegraph receivers. It is a simple electromagnet 
with a strip of steel clamped to one of its poles, having the 
other end of the strip free to vibrate over the other pole. The 
transmitter had the same parts with the addition of contact 
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points that kept its steel reed vibrating when the current was 
connected and, making and breaking the main circuit at each 
swing, sent an intermittent current pulsing into the line and 
through the distant receivers. Each receiver reed was expected 
to respond to impulses of its own pitch and to ignore those of 
any other pitch. 

I made for Prof. Bell six or eight of these transmitters with 
their reeds tuned to different pitches and the same number of 
receivers with their reeds tuned tocorrespond. Their test, 
however, gave results sadly out of accord with his expectations 
and a long series of experiments followed with rather unsatis- 
factory results. 

The saying so frequently offered for our consolation: that 
we profit more from our adversities than we do from our suc- 
cesses, was certainly applicable to Prof. Bell’s case at this time, 
for had the rhythmic intermittent current that actuated his 
telegraph accomplished the result he expected and brought 
him fame and fortune, he might not have been impelled to 
seek a better form of an electric vibration and so might have 
missed the discovery that has since placed his name among 
the immortals. 

Prof. Bell’s experiments with the apparatus I made for him 
soon revealed the serious defects of the intermittent current 
wave. Не was able to transmit with it two or three messages, 
each on a different pitch, with a reasonable degree of certainty, 
but when a greater number was attempted, the added series 
of impulses seemed to fill the gaps in the other series and pro- 
duce practically a continuous current, causing serious inter- 
ference between the messages. The need of a better form of 
an electric wave was apparent; making and breaking the cir- 
cuit so many times a second seemed but the first step in the 
development of his idea. The fact is, Bell had had for a year 
or more a clear conception of the sort of current he needed, one 
undulating in waves which would be the exact equivalent of 
sound vibrations, although he had as yet devised no satis- 
factory means of producing such a current. An electric cur- 
rent undulating in true wave form would not, he believed, 
smooth out into a continuous current when several series of 
impulses were superposed but would keep its wave form through 
all the complexities that might be impressed upon it. Many 
sounds can traverse the same air without confusion, so, he 
thought, such a system of electric waves having the mathe- 
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matical form of sound waves in the air, might transmit an 
indefinite number of pitch series on a single wire, to be selected 
and resolved into separate messages by his tuned receivers. 

Bell also foresaw that the apparatus which could generate 
and transmit such true electric waves might also solve another 
great problem he had been dreaming about. 

One must imagine a world in which the telephone was abso- 
lutely unknown to appreciate my feelings when one evening 
during the course of some experiments on his telegraph appara- 
tus, Bell told me he had an idea by which he believed it would 
soon be possible to talk by telegraph. He put his conception 
into the words of his famous formula which I then heard for 
the first time: “И,” he said, ‘‘ I could make a current of 
electricity vary in its intensity, precisely as the air varies in 
density during the production of a sound, I should be able to 
transmit speech tclegraphically." Some practical mechanism 
to produce such a current was the goal to be striven for, he as- 
serted. He then described to me what he called his “ harp 
telephone," a complex affair having an elongated electromagnet 
with a multiplicity of steel reeds tuned to many pitches and 
arranged to vibrate in proximity to its poles; as if the magnets 
of a hundred of these receivers were fused together side by 
side. These reeds might be considered as analagous to the 
rods in the harp of Corti in the human car. It was Bell's first 
conception of a speaking telephone. His idea was that a 
sound uttered near the reeds would cause to vibrate those reeds 
corresponding to both the fundamental tone and to the over- 
tones of that sound. Each reed would generate in the magnet 
an electric wave all of which would combine into a resultant 
complex wave. This passing through a similar instrument at 
a distant station would, he imagined, set the same reeds into 
motion and so reproduce the original sound. He had even 
considered the possibility of using a single reed actuated by a 
parchment diaphragm over an ordinary electromagnet. He 
had not had either of his conceptions constructed for he was 
sure that clectric waves generated in this way would be too 
feeble, to be of the least practical value. His harp telephone, 
however, was a favorite idea with him and he often spoke of 
it to me. [t was never constructed probably on account of 
the expense, but with this clear conception in his mind, of the 
possibilities of а true clectric wave, struggling for practical ex- 
pression, Bell continued his work on his harmonic telegraph 
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trying to attain a result clearly impossible with a transmitter 
that merely made and broke the circuit. 

I am afraid that my attitude towards Bell’s telegraph, after 
several months’ work on it, had become one of disgust with its 
perversities, and hopelessness as to its future. Its operation 
was so uncertain and baffling that I remember that even Prof. 
Bell himself began to lose his enthusiasm. His confidence in 
the intermittent current was vanishing and means for generat- 
ing his better waves had not arrived. But, “ when half gods 
go, the gods arrive," and this time of depression and disap- 
pointment was the right preparation for the new development 
that was close at hand. 

In the attic of the building 109 Court street, Boston, where 
Williams's shop was, two rooms had been partitioned off and 
used by Williams for the manufacture of tin foil condensers. 
These rooms Bell used as his laboratory at that time. Those 
rough attic rooms, freezing in winter and unbearably hot in 
summer, had witnessed many discouraging experiments with 
the harmonic telegraph with a few slight successes, but on the 
afternoon of June 2d, 1875, something came to light there that 
certainly was a recompense for all previous troubles. А slight 
derangement in the telegraph apparatus gave an opportunity 
for the great idea that had been incubating in Bell's mind so 
long to break through its shell. 

On that afternoon Bell was 1n one of the rooms tuning the 
receivers, an operation they constantly needed. He had a 
novel way of doing this that he had originated and which had 
become a habit with him. When he was trying to bring the 
pitch of a receiver reed into accord with that of its transmitter, 
he would press that receiver reed against his ear. He could 
then hear the nasal drone of the intermittent current coming 
from the transmitter in the other room and by changing the 
length of the receiver reed he could adjust its pitch to corres- 
pond with that tone. It is interesting to note that when one 
of his harmonic receivers is used in this way, it becomes a close 
analogue of a modern telephone receiver, as the edges of the 
ear clamp the free end of the spring and so damp its natural 
rate of vibration and cause it to vibrate as a diaphragm. 

On the afternoon of June 2d, 1875, Bell was doing this with 


one of the receivers and at that very moment I happened to . 


snap the steel reed of another instrument in the other room 
connected into the same circuit, which for some reason was 
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not vibrating as it should, and needed that physical stimulus 
to start it. It did not start at once so I gave it several vigorous 
plucks, undoubtedly expressing my opinion of the thing in vivid 
shop language, when I heard a commotion in the next room 
and out Bell came in great excitement to see what I had been 
doing, telling me that he had heard in the receiver at his ear the 
unmistakable timbre of the sound of one of the reeds. His 
excitement came from his realization that he had heard the 
first real sound that had ever been transmitted electrically. 
It needed but a slight examination of the apparatus to reveal 
the fact that the steel reed I had snapped, magnetized by its 
long use in connection with magnets, was functioning as a 
magnetoelectric generator and by its vibration had generated 
in its magnet an electric current that was moulded into un- 
dulations exactly analogous to the sound waves of the plucked 
reed. That such slight means could gencrate a current not 
only strong enough to be heard in the receiver but actually 
to set into visible vibration the reed of another receiver in the 
same circuit in Bell’s room, was a revelation to him. He saw 
at once that he had been wrong in thinking that the vibration 
of a steel reed could not produce electric waves of any practical 
value and that here was the solution, not only of his harmonic 
telegraph but also of his speaking telephone. Не realized im- 
mediately that the apparatus that could generate, transmit and 
receive so efficiently one sound with its fundamental tone and 
with its overtones could undoubtedly be made to do the same 
for any sound, even speech itself. The gods had arrived, 
bringing new enthusiasm and hope; even my gloom was dis- 
pelled. We spent the rest of the day repeating the experiment 
by snapping many different sizes and shapes of steel springs 
and tuning forks over magnets with the same surprising result 
and before we parted that night Bell gave me directions for 
constructing the first speaking telephone. He knew thatthe 
diaphragm of the Scott phonautograph when impelled by the 
vibrations of sound would impress them on the recording style 
attached to 1t; why then would not such a diaphragm actuated 
by the voice, force the steel reed of one of his receivers to follow 
the vocal vibrations and cause it to generate electric waves 
with the form of speech waves? Following this thought to its 
conclusion, Bell sketched out the first speaking telephone the 
world has ever seen and gave me directions for its construction. 
I was to mount one of the harmonic receivers in a wooden 
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f its spring to the center of a tightly 
head, also mounted in the frame- 
hpiece to concentrate the voice on 
. head. 

Here 1s a replica of it. All that is 
in the National Museum at Wash- 
is that I had this first telephone 
day, June За. It had many defects. 
е and easily torn and as it absorbed 
h required constant tightening, but 
ver à wire about 200 feet long, run- 
Williams's building to my work bench 
nmistakable timbre of Prof. Bell's 
vords, using for listening one of the 
rs through which Bell had made the 
e result and a bitter disappointment, 
у, Prof. Bell too, had anticipated a 
1 fluency even in that first telephone. 
's mental attitude towards a phe- 
'elty wears off. The new effect does 
т a few repetitions. This is perhaps 
ry tells me that during the months 
iscovery that magneto-electric waves 
eel reed were strong enough for prac- 
med to grow poorer in its operation 
Tied on many experiments for which 
the purpose of increasing the strength 
for its use in his telegraph but also 
that any improvement applicable to 
help the other. His work for some 
telegraph as well as to the telephone, 
al backers were all strongly of the 
wiser for him to devote himself to 
the telegraph rather than to such a 


same desert road with a few green 
| prone to travel on and it was not 
early ten months after its birthday 


nitted its first complete sentence. 


first sentence that Morse telegraphed 
more a few decades before, ' What 
the telephone's first sentence had a 
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certain homely practicality about it that clearly takes it out 
of the cateyory of the frivolous. It was, “ Watson, come 
here, I want you," uttered by Bell from his laboratory to his 
bed room in the boarding house, number 5, Exeter Place, 
Boston. I am sure that I went at once. Commonplace as 
it was, the sentence seemed to break the spell and the tele- 
phone progressed after that by leaps and bounds. 

I have here the wire over which that first sentence was sent. 
With a forethought that quite surprises me today, Г took 
down this wire when the laboratory was vacated in 1877, in- 
scribed it and put it into a safe where it remained until a year 
or two ago when I presented it to the American Telephone 
and Telegraph Co. for its museum. The inscription, which 
I wrote when I first took it down, 15 as follows: ‘‘This wire con- 
nected room 13 with room 15 at number 5 Exeter Place, Boston, 
and is the wire that was used in all the experiments by which 
the telephone was developed from the fall of 1875 to the sum- 
mer of 1877,at which time the telephone had been pertected 
for practical use. Taken down June 8th, 1877, by Thomas 
A. Watson." 

This was the year of the Centennial Exposition at Philadelphia 
and Bell decided to make an exhibit there of his inventions. 
He had me make for him some nicely finished telephones of 
the best forms that he had devised, including his first battery 
transmitter. 

In June, 1876, Sir William Thomson, chairman of the com- 
mittee on the electrical exhibits, with members of his com- 
mittee, examined and tested Bell's apparatus. We have a 
valuable record of the impression the telephone made upon 
his mind in his opening address to the British Association, 
September 14th, 1876, wherein he said: | 

I heard, “ To be or not to be* * * *there's the rub," 
through an electric telegraph wire; but, scorning, monosyllables, 
the electric articulation rose to higher flights, and gave me messa- 
ges taken at random from the New York newspapers—'' 5.5. 
Cox has arrived” (I failed to make out the S. S. Cox) “Тһе 
City of New York," “Senator Morton," '' The Senate has re- 
solved to print a thousand extra copies;" “ The Americans in 
London have resolved to celebrate the coming 4th of July." 
All this my own ears heard, spoken to me with unmistakable 
distinctness by the thin circular disk armature of just such. 
another little electromagnet as this which I hold in my hand. 


The words were shouted with a clear and loud voice by my 
colleague judge, Professor Watson, at the far end of the tele- 
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Watson: The reason why you did not hear at first was be- 
cause there was a relay in the circuit. 

Bell: You may be right, but I found the magnet of mv tele- 
phone touching the membrane. 

Watson: I cut this relay out, and then the sounds came 
perfectly. 

Bell: I hear every syllable. Try something in an ordinary 
conversational voice. 

Watson: I am now talking in quite a low tone of voice. 

Bell: The sounds are quite as loud as before and twice as 
distinct” — 
and so on for more than a hour. This record which was pub- 
lished in the Boston Advertiser of the next day shows a surpris- 
ing accuracy when the crudeness of those early telephones is 
taken into consideration. 

I need go no further in my account of those days of struggle. 
The successful working out of the telephone, as in the case 
with all inventions, was a matter of endlessly considered detail. 
It was patient, plodding work with a few hours of intense ex- 
citement. Other tests were made later in 1876 on still longer 
lines, and in April, 1877, the first telephone line was constructed, 
4 miles long, and the telephone installed thereon, beginning its 
competition with the telegraph as a practical business proposition. 

Since then, what tremendous things have been done by the 
telephone engineers on whom the responsibility has fallen, of 
continuing the work so splendidly inaugurated by Dr. Bell. 
The work of these men during the 38 уеатз that has elapsed 
since Dr. Bell’s experiments on the telephone has been cease- 
less, energetic, untiring, wise, and accurate in the highest de- 
gree. Telephone engineers have overcome one by one the 
multitude of obstacles that stood in the way of that high ideal— 
universal service, until today we applaud the latest achieve- 
ment, under the able leadership of your incoming President— 
transcontinental telephony, the marvel of which has impressed 
itself deeply upon my mind all the more because Dr. Bell and 
I had the honor of formally opening the New York-San Francisco 
telephone line on January 25th of this year, as we opened the 
first telephone line, 2 miles long, between Boston and Cam- 
bridge, 39 years before. We talked over this line 3400 miles 
long (really 4400 miles, for its terminus was, during the most 
of the time, in Jekyl Island, Georgia) more clearly than we 
talked from Boston to Cambridge 39 years before. Amazing 
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as this was, a climax of the wonders I had been participating in 
was reached when Dr. Bell switched in another telephone and 
said to me through it: “Мг. Watson, I am now talking through 
an exact duplicate of the first telephone made in 1875. Can 
you hear me?" I heard him perfectly, and when' I explained 
to the audience at ту end of the line just what was happening 
and repeated Dr. Bell's words, I was not surprised to see tears 
in the eves of several of those hard-headed business men of 
California, for I myself was thrilled through and through with 
the thought of the immensity of the work that had been done 
since I made that first telephone for Prof. Bell and with my 
realization that this transcontinental line, stupendous achieve- 
ment as it is, was merely a big incident in the Ше of the men 
whose brains have built up an organization almost incompre- 
hensible in its size and scope, with its nine million telephone 
Stations, making twenty-eight million telephone conversations 
each day over twenty million miles of telephone wires—that 
Stupendous organization we call the “ Bell system.” 

Even these figures are but part of.the whole, for there are 
пом in the world more than 14 million telephone stations, mak- 
Ing 42 million conversations daily over 33 million miles of wire. 

e can but wonder at such a fructification in four decades of 
that virile conception of the man we today honor ourselves 
by honoring—Alexander Graham Bell. 
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STANDARD MARINE ELECTRICAL INSTALLATIONS 


BY H. A. HORNOR 


ABSTRACT OF PAPER 
The requirements of merchant and naval installations are 
cited in brief. The rules of the classification societies are 
reviewed and present practise is fully discussed. Then follows 
the specific applications to a number of different types of ships 
including both merchant and naval vessels. The reasons for 


the application of electric propulsion to a battleship are bricfly 
given. 


HE ESTABLISHMENT by the Institiite of a Committee 
on the '' Use of Electricity in Marine Work " has been 
fully justified in that already a number of papers on specific 
equipments such as, Electric Steering Gear, Gyroscopic Com- 
Pass, Electric Heating, Searchlights, Electric Propulsion, ete., 
have been presented, discussed and recorded. There is here 
а two-fold value the segregation for reference and research bv 
those concerned in this work, and the increased value to the 
Institute as its part in the development of what presages to 
be one of the important applications of electricity. This Com- 
muüttee having collected data on all the important points con- 
Nected with marine electrical installations from as many dif- 
lerent sources as possible desires to present a monograph re- 
COrding the best practise at this time in this country. 

The rules and requirement for merchant vessels will be first 
treated; next will follow the general considerations for govern- 
Ment vessels; and then a brief consideration. of the applica- 
tions to a number of different types of vessels. 


GENERAL REQUIREMENTS FOR MERCHANT PRACTISE 


Merchant vessels are usually constructed in accordance with 
the requirements of some classification society which establishes 
also the rules for the electrical equipment. In this country 
most of the vessels are built to the requirements of either the 
American Bureau of Shipping or Lloyd's Register of British 
and Foreign Shipping. Other classification societies are Bureau 
Veritas (French), Germanischer Lloyd (German), British Cor- 
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poration (English), and Great Lakes Register ( U. S. А.) 
Besides the rules of these underwriting societies the electrical 
installation must conform to the rules of the Steamboat In- 
spection Service, under the cognizance of the Department of 
Commerce, ш certath cases to the rules of the National Board 
of Fire Underwriters, and also to certain specifications issued 
bv the owners of the vessels. The rules of the societies above 
mentioned and those of the government are gencral in character 
and apply to all classes of vessels. The requirements of the 
owners are usually specific and serve to standardize for them 
the various equipments so as to reduce upkeep and maintain 
a similarity of spare parts. It frequently happens that the 
owner specializes in a certain trade and his vessels are therefore 
built and equipped for this definite purpose. 

The requirements of the American Bureau of Shipping for 
the electric plant are briefly as follows: The voltage shall be 
about 125 volts preferably direct current. If alternating cur- 
rents are used there must be an increase of 50 per cent in the 
insulation resistance of the wires. Generators must be insulated 
by mounting them on dry wood or other equivalent insulation. 
The same requirement apphes to motors. No single wire 
larger than No. 12 A. W. С. is allowed, and no single solid 
wire smaller than No. 14 А. W. С. except in fixture wiring. 
Both conduit and wooden moulding for the protection of the 
conductors are allowed but conduit is preferred through- 
out. A heavier insulating. covering is required for conduc- 
tors led through unlined conduits. Slate or marble switch 
boards are required, equipped with necessary instruments, 
cut-outs, knife switches, ete. When the wires are carried 
through the steel structure they must be led through metallic 
conduits or protected by hard rubber or equivalent bush- 
ing. Twin wire is not permitted in conduit if the circuit passes 
through the fire rooms or other hot places in the ship. Stuffing 
tubes are required wherever the conduit passes through a deck 
or water-tight bulkhead. All joints and splices are protected 
bv water-tight junction boxes. Cut-outs, as much as possible, 
to be limited to centers of distribution but are allowed on mains 
if properly protected bv a water-tight box. No circuit requir- 
iy more than ях amperes must be dependent upon one cut- 
out. Where exposed to moisture, lamps must be provided 
with a vapor-proof globe, and for mechanical protection, a guard. 
Although portable desk lamps are permitted, lights must not 
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The rules of the Steamboat Inspection Service do not relate 
to the intimate points of installation or equipment but rather 
to the provision of appliances for protection to the vessel, her 
passengers, cargo, and crew. Vessels using a gong signal must 
have a tube returning to the pilot-house so that the signal 
when given in the engine room mav be heard at the same in- 
stant in the pilot-house. This is usually an additional pre- 
caution on large vessels in case of derangement of the mechanical 
or electrical telegraph which must be arranged to repeat the 
signals between the pilot-house and the engine room. “Оп all 
steamers where the distance 15 more than 150 feet between 
perpendiculars of pilot-house and forward part of the engine 
room ” a telephone must be installed in lieu of a speaking tube. 
Vessels which do not keep watchmen on guard day and night 
in the sleeping accommodations must equip such quarters with 
alarm bells which can be energized at will from the bridge or 
pilot-house. No lights are allowed on the outside of the struc- 
ture of the cabins or hull that will interfere with distinguishing 
the regulation signal lights. Passenger-carrying steamers 
lighted by electricity, and whose dynamos are located below 
the deep-load line, must carry an auxiliary lighting system above 
the deep-load line. This auxiliary lighting system must be 
sufficient to allow the passengers and crew to readily find their 
way to the exist. On account of this latter provision vessels 
are permitted to carry gasoline to the amount necessary to 
provide for such auxiliary lighting and wireless system. These 
regulations further provide for the {уре and location of the 
signal lights—port, starboard, masthead, range, and stern— 
and such lights that should be displaved when the vessel is at 
anchor, aground, etc. A prolonged fog-whistle must be blown 
at intervals of every two minutes by a vessel under way and two 
prolonged blasts every two minutes when not under way. When 
towing another vessel, or being towed, a prolonged blast fol- 
lowed by two short blasts must be sounded. 

Voice tube must be installed between pilot-house and wire- 
less station. | 

The rules of the National Board of Fire Underwriters are 
now in the process of revision for which purpose many con- 
ferences were held with the Marine Committee of the Institute. 
There are a few vessels which ply inland waters that come under 
the jurisdiction of the Fire Underwriters, as will be noted later, 
and it is but natural that their rules will coincide with those 
of the classification societies and established marine practise. 
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advisable. For the purpose of overhauling and to facilitate 
the safe installation of the cables it 1s necessary to use, especially 
at bends, couplings, but these must not be right and left threaded. 
All conduit connections should be made up with white or red 
lead used generously to aid inspection. 

It is recommended that splicing of wires larger than No. 12 
B. & 5. be not permitted and it 1$ further suggested that even 
such small joints be made with a soldered sleeve. On the other 
hand care must be exercised in the use of mechanical joints 
as the working of the vessel mav cause the connection to loosen 
allowing ''grounds," “ opens," or ''short circuits." This is 
not merely a matter of design and material but one of good 
workmanship and careful inspection. 

'The distribution of energv as above noted 1s made on a two- 
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wire metallic system. Copper of the highest conductivity is 
used for all wires and the insulation is equal to and often greater 
than the requirements of the classification society. The opinion 
has been expressed that it may be preferable to reduce the re- 
quired thickness of insulation and make the material of better 
quality. The well-advised owner in preparing his specifications 
should see to it that the type of manufacture be clearly stated. 
Feeders are led from the main switchboard to centers of dis- 
tribution, and from thence branch leads, not carrying, except 
in special cases, more than 660 watts. When conditions of the 
ship's structure or arrangement will not facilitate this method 
of distribution, the feeders are broken Бу special feeder boxes 
of water-tight construction, mains taken off and branches in 
turn taken directly from the mains. For the lighting system 
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the feed water heater for steam economy, that greater stress 
is not laid upon the efficiency of the prime mover. The third 
point is that for installation оп shipboard the steam connec- 
tions must be flanged so as to reduce the number of joints in 
the pipings and because of the vibration set up in the vessel 
when the main engines are working. 

Small direct-connected turbine generating sets have been 
employed on shipboard and in certain installations have given 
satisfaction but opinion among owners differs as to the ad- 
vantages of the turbine over the reciprocating engine. Many 
marine engineers object to the high rotative speeds for direct- 
current generators and the lack of economy unless a high vacuum 
can be provided. On the other hand some engineers prefer 
the turbine drive because of the reduction of upkeep and ease 
of operation. 

The use of reduction gears between the turbine and generator 
is now being suggested. In this set the water rate will doubt- 
less be greatly reduced, approximately 10 per cent, and the 
speed of the generator can be brought down to reasonable 
limits with high speed on turbine. Although such sets have 
been installed no service data are available for comparison or 
comment. These sets, however, have shown as expected a 
great reduction in weight and water rate. 

The generator is usually compound-wound and in the larger 
sizes provided with commutating poles. Special precautions 
are taken so that oil cannot creep along the armature shaft 
and that the non-corrosive parts are furnished. А hand rail 
or guard 1s mounted around the generator set, in order that no 
one may be thrown against the set when the vessel 15 pitching 
or rolling. 

The material for switchboards has up to the present time 
been slate and in rare cases marble, but as will be seen later, 
naval practise has turned to a special composition. "This mav 
shortly change the merchant practise. Ordinarily the circuits 
are arranged for the parallel operation of the generator, if there 
be more than one. Certain owners prefer separate operation, 
however, and then double bus-bars are provided with throw 
over switches. Marine switchboards must be built as com- 
pactly as possible, so that they may be mounted near a bulkhead 
As was noted above, Lloyds' rules require quick-break switches 
even on 110 volt systems, and it is recommended that two springs 
be required for each blade. The bus-bars though mounted on 
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from beam to beam. There seems no reason why cheaper 
metals should not be used т the ornamental fixtures. The use 
of the heavier metals or alloys is a matter of taste and expense. 
Foreign passenger vessels have for sometime been using ma- 
jolica or beleck fixtures which add to cleanliness, are substantial, 
are more readily insulated and do not require refinishing. 
Two passenger vessels recently built in this country for the 
Great Northern Pacific S.8. Co. were so equipped. The small 
lighting unit. unshielded 15 generally employed. although the 
large unit lends itself for the general lighting of large cargo spaces, 
and the machinery spaces. The employment of indirect or 
semi-indirect units is very small. This is attributed to the low 
deck height and the usual exposure of the deck beams. It is 
also thought that enough attention has not been paid to the 
proper illumination of passenger accommodations, because of 
the general feeling of ship owners that the passengers prefer 
to spend their time mostly on deck. The large advance in 
better lighting seen on some of the latest ocean liners does not 
confirm this opinion for а service where the passengers may be 
better cared for inside the vessel during rough voyages. Tung- 
sten filament incandescent lamps are largely used outside of 
the machinery spaces. In these spaces the vibration is such 
as to require the carbon filament lamp.* Units of 250- 
watt tungsten, with proper reflector, have now superseded 
the arc lamp for the general lighting of the machinery spaces. 
Cargo reflectors containing four small lamps are still used as 
portable units for lighting such spaces, as well as for gangway 
lighting. The tendency is toward great lightness for hand 
portable units, and a reduction in the number required to be 
water-tight. The water-tight fixtures add so much weight that 
the lamp is too unwieldy compared to the non-water-tight. A 
simple light wire guard to protect the incandescent bulb is 
deemed sufficient. The navy standard switch, and switch and 
receptacle are generally used on merchant vessels. "There has 
been but one good receptacle and plug designed for water-tight 
work outside of the navy design and this device is very expensive. 
Its use, however, has proved of great advantage. "The practise 
in this country still adheres to the Edison screw socket but it 
would seem that improvement must come along this line. Its 
general adoption is evidently caused by land commercial prac- 


*There have been some successful installations of tungsten lamps 
in machinery spaces. 
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electrically operated valve for the main steam whistle in addi- 
tion to the mechanical hand pull is now frequentlv installed, 
even on freight vessels, and the clock mechanism 15 arranged with 
two contact disks so that the vessel may comply with the law 
when towing or being towed. In all such applications the object 
most sought after is simplicity and rehability—the functioning 
without attention. 

Fire alarm svstems are very rarely installed on freight vessels 
but passenger vessels are always so equipped. The older sys- 
tems have not proved of great value but two systems are now 
on the market ; one applicable to cargo carrying vessels by means 
of which ‘not only is the location indicated by smoke coming 
from the compartment but also admits live steam to the seat 
of the fire. This requires an expensive system of piping which 
is not always satisfactory. The other system operates on the 
principle of the expansion of air due to a rise in temperature. 
А pipe of very small inside and outside diameter (so small that 
it can hardly be seen when exposed on the decks or bulkheads) 
is installed in all the compartments. This pipe may be placed 
on the trim or cornice and is very unobtrusive. А fire may in 
this way be detected while in the early stages and large areas 
easily and economically protected. The indicating devices can 
be located in two or more places and, as is frequently done, 
can be made to resemble the deck plans of the ship. The in- 
dications are given by the lighting of a small battery lamp 
and the sounding of an alarm. 

An increasing number of coastwise vessels now carry a sub- 
marine receiving set. This consists of two tanks filled with 
brine located in a lower forward hold of the vessel. Trans- 
mitters similar to telephone transmitters connect with double 
receivers located in the pilot-house—one receiver connecting 
to the port tank and the other to the starboard. The sub- 
marine bells located on the lightships or buoys along the coast 
may be heard through the water by this means and the direc- 
tion in case of fog or thick weather detected by noting the 
equality or inequality of the strength of the signal on each 
tank. The vessel may also swing around to enable a bearing 
to be sufficiently assured so that danger may be averted. The 
device has been reported as operating satisfactorily and this 
is attested to by the increase in the number of vessels so equipped. 

Although wireless equipments are required by law on pas- 
senger vessels many freight vessels carry such equipment. Тіс 
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advances in this field are exceedingly rapid and therefore no 
set, as described, could be looked upon as a standard but it 
would seem desirable to give some idea of this apparatus. A 
typical installation for freight vessels consists of the following 
parts: A motor generator supplied with energy from the 110 
volt direct current system. The motor and generator arma- 
tures are on the same shaft. The a-c. generator has a speed 
of 2400 rev. per min.; it has 12 poles and it generates a voltage 
of 500 at 240 cycles. The synchronous gap, which is a disk 
of composition insulation and carries a stud for each pole of 
the generator, is mounted on the generator end of the shaft. 
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Two stationary studs are secured on the disk muffling box 
and the spark discharge takes place between them. When 
these studs are adjusted to synchronism, the spark discharge 
occurs only when the a-c. voltage reaches its peak of alterna- 
tion thus allowing only one spark discharge for each alterna- 
tion or 480 sparks per second. In this manner a pure musical 
note 1s produced, slightly lower in tone than the E string of 
the violin. The transformer steps up the 500 alternating volts 
to 12,000 and charges the condenser. This condenser is made 
of high quality glass plates coated with copper or tinfoil and 
immersed in oil (flash point 300). It is used in series parallel 
banks and forces the energy received into the rotary gap and 


1528 HORNOR: MARINE INSTALLATIONS [Sept. 16 


oscillation transformer. The primary of the oscillation trans- 
former is connected in series with the gap and condenser. The 
primary coil carries a movable contact and by varving this 
contact on the turns of the coil, the wave length may be ad- 
justed. The energy is transferred from the primary coil of the 
oscillation transformer to the secondary coil (which is several 
inches from the primary coil) by magnetic induction. The 
secondary coil of the oscillation transformer is connected to 
the aerial in the following manner: One terminal goes to the 
earth, the other through inductance coil for lengthening aerial 
period or wave, and condenser in series for shortening wave. 
The spark gap, oscillation transformer primary, and primary 
condenser, make up the “ closed cirouit " or “ oscillating cir- 
cuit." The oscillation transformer secondary, the aerial т- 
ductance and condenser, the aerial and earth, form the '' open 
circuit " or “ radiating circuit." Тһе ‘ closed circuit " wave 
and the “open circuit” wave must be in resonance before the 
“open circuit " willl radiate energy on the aerial. А hot wire 
ammeter will show a maximum reading when the two circuits 
are balanced. The aerial consists of seven strands of No. 18 
silicon bronze hard-drawn wire used to prevent sagging or stretch- 
ing. Wires are spaced on a 25 foot spruce spreader and insulated 
from spreader and ropes by four feet of hard rubber rods. 
The receiver consists of the tuner for tuning to resonance all 
incoming waves by variable inductances and capacities. In 
this manner waves of different lengths and frequency may be 
selected. Тһе detector is of the carborundum crystal type 
mounted on the tuner and rectifies the signals to be heard on 
the diaphragm of the head telephone. These telephone re- 
ceivers are extremely sensitive, havihg a resistance of 3000 
ohms. This set establishes reliable communication under favor- 
able conditions at a distance of 3000 to 4000 miles. 


NAVAL PRACTISE 


The requirements of the navy constitute naval practise and 
it remains for those who undertake such work to excel in its 
performance and to suggest ways and means for its betterment. 
Specifications and drawings, known as type plans, are issued 
covering all the apparatus, appliances, and materials entering 
into the equipment. Each bureau of the navy department 
compiles the requirements for the work under its cognizance 
and in this manner provides for its inspection both at the works 
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REAR VIEW OF NAVY STANDARD SWITCHBOARD SHOWING CONSTRUCTION 
DETAILS 
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of the manufacturer and at the plant of the contractor. The 
bureau of steam engineering, the bureau of Construction and 
Repair, the Bureau of Ordnance and the Bureau of Naviga- 
tion are the bureaus most nearly touching the electrical installa- 
tion; the Bureau of Steam Enyincering and the Bureau of Con- 
struction and Repair performing the most essential parts of 
the work. "The generation of electricity, its control, distribution, 
installation and maintenance fall under the administration of 
the Bureau of Steam Enyineering, and the provision of the 
motors and their control for the various deck and other ma- 
chinery come under the direction of the Bureau of Construction 
and Repair. The turret motors and questions connected with 
gun fire are under the jurisdiction of the Bureau of Ordnance 
and special equipments connected with the operation of the 
vessel when under way, such as gyroscopic compass are taken 
care of by the Bureau of Navigation. All type plans issued by 
the Bureaus whether of apparatus, etc., or for the construction 
work are simply guides or schedules from which elaborated 
drawings must be made embodying correct designs and full de- 
tails. These drawings must be forwarded to the bureau, or 
bureaus, involved and receive formal approval before work may 
proceed. In the case of apparatus newly designed drawings 
must be submitted to the bureau concerned for its approval 
as a type after which approval must be again obtained for its 
specific application. After an installation. or apparatus 1$ 
completely finished, inspected, and received, a complete set 
of drawings of the final details must be prepared and turned 
over to the Government. Due to this procedure the materials 
entering into the construction of naval apparatus are in every 
way of a higher grade than those employed in merchant service. 
The use of iron conduit and open wiring supported on insulators 
has now given place to armored conductors. There are condi- 
tions which require different types of wire so that the specifica- 
tions permit of three general types, namely, plain conductors, 
armored, and lead-covered armored. The practise at the present 
time 1$ to use lead-covered armored cables for all permanent leads 
throughout all spaces in the vessel. The best quality of rubber, 
linen, jute, lead, copper and steel are required. Cables are 
clipped rigidlv to the structural parts of the vessel by strap 
hangers and when a group of leads occurs or at the structure is 
such as not to permit a compliance with the above, a five-pound 
steel plate is first fitted and the armored wires attached to this 
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plate. These cables are sufficiently flexible to allow of close 
fitting or “ nesting ” and thereby much space is conserved and 
a better appearing installation results. In addition to these 
advantages is the reduction of upkeep over conduit due to a 
decrease in the deterioration of the insulation by its protection 
from condensed moisture. Stuffing tubes as їп merchant 
practise but of special design are required when passing through 
decks or watertight bulkheads. Through non-water-tight bulk- 
heads they are led through holes with the edges rounded off. 
Mechanical protection is also provided near the walking spaces 
at decks and at other particular locations where the cables would 
be unduly subjected to abuse, or would themselves subject 
the contents of the compartment to danger. In the vicinity 
of the magnetic compasses the steel braid is removed. For the con- 
venience of testing and designation, the cables are all carefully 
and accurately tagged in accordance with approved plans. No 
splices are permitted and mechanical joints are all made in 
specially designed watertight brass boxes. All feeders for every 
purpose must be continuous throughout their length except in 
especially long leads of the larger size cables when proper 
mechanical connections are allowed in order to facilitate in- 
stallation and avert damage to the cables by the severity of 
the necessary handling. 

The distribution of energy is on the two-wire system. The 
lighting, and small power feeders are run from the main switch- 
board to centers of distribution and mains led from thence to 
the terminal apparatus. . Mains may also be taken directly from 
the feeders to meet the conditions of structural obstructions. 
Distribution boxes of brass are provided of varying types some 
containing knife switches and fuses, others with fuses only, others 
with fuses and snap switches. These also vary in mechanical 
construction some being water-tight and others non-water-tight 
to suit the location. Twin conductors up to 60,000 cir. mils 
are permitted, and branch leads for lighting must not be less 
than 4000 cir. mils. The permissible drop on the lighting system 
from the main switchboard to the farthest outlet is 23 per cent 
and for power 5 per cent. The carrying capacity of all conduc- 
tors is based on one thousand circular mils per ampere for con- 
tinuous loads and five hundred circular mils for intermittent 
loads. The permissible drop on the signaling systems is 23 per 
cent when lamp instruments are used and not over 5 per cent on 
circuits containing bells, buzzers, push-buttons, contact-makers, 
etc. 
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Generators for naval service are generally direct-driven by 
steam turbines, mounted on acommon bed-plate. The turbines 
are of the horizontal type and designed for both condensing and 
non-condensing operation. They must be capable of operating 


the generator indefinitely at one-third overload. They are: 


required to operate automatically with load varying from zero 
to 13 load. They must function with the most economical 
water rate possible when supplied with dry saturated steam at 
200 pounds pressure and 25 inches vacuum. Forced lubrication 
is specified for all sizes, and the largest sets have their bearings 
water-cooled. Gages for observing the vacuum in the exhaust, 
main steam pressure, oil pressures, etc., and indicators for in- 
specting the flow of oil and cooling water to bearings, tachometers 
thermometers, pilot lights, etc., etc., are all provided. The 
generators are direct-current compound-wound, and in the larger 
sizes supplied with commutating poles. The frame is cir- 
cular in form and in the largest sizes split horizontally. 
These are the essential differences from regular practise with 
the exception that exhaustive tests are made in order to 
secure compliance with the specifications. At the present 
time the navy requires its generators on battleships wound 
for 240 volts but for smaller craft retain a potential of 125 
volts. In order to obtain increase in economy, reduction 
gears with high-speed turbines are now being installed and 
have received formal sanction. Sets of this design have reached 
the first stage; namely, shop tests. The change in voltage to 
240 on the larger vessels has brought about the necessity for 
a neutral bus to supply the lighting and searchlight systems. 
This may be accomplished either by a three-wire generator wound 
for operation with a compensator; or an auxiliary independent 
rotary balancer set. Both methods have now been introduced 
but service operation has not yet been fulfilled. 

Until recently the switchboard panels were made of carefully 
selected slate. Now the requirements call for a special composi- 
tion material having a high insulation resistance and unaffected 
by steam, or moisture, or shrinkage, when subjected to differences 
in temperature or hydroscopic changes and capable of a cer- 
tain deflection without breaking. All the instruments 
mounted on the switchboard are specified in detail and only 
approved instruments and fittings are permitted. Enclosed 
fuses are approved if they conform to the general requirements 
of the national electric code. Renewable enclosed fuses are 
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allowed under the requirement of a special specification. for 
fuses. Detail requirements are issued for all bus-bar construc- 
tion, fittings, bolts, etc., all of which must be suitable to with- 
stand the severe atmospheric conditions of shipboard service. 

For the larger vessels the government furnish 36-inch distance 
control searchlights and 12-inch signal searchlights. The larger 
projectors are arranged so that some of them may be placed on 
trucks and transported about the decks. Оп the smaller 
vessels, 30-inch and 24-inch searchlights, with mechanical 
distant control, are installed. All lamp mechanisms are of the 
motor type and both venetian blind and iris shutters are pro- 
vided. The plain glass front frame is supported on springs 
so as to take up the shock of gun fire. А finder similar to that 
used on a camera is fitted so that it will show on a ground glass 
screen the arc, and by means of cross hairs enable the arc to be 
placed in the proper focal position and the carbons correctly 
adjusted. 

Lighting fixtures and appliances are all made of brass composi- 
tion and are heavier in every sense than the merchant marine 
type. However, the navy has now discarded the spring type of 
socket and adopted that used in commercial practise, with the 
difference that a special insulation material is provided for the 
base instead of porcelain. "The fixtures installed in quarters and 
general living spaces are designed with a special shade holder, 
similar to that used in railway cars, whereby the shade is held 
in place by a spring and not dependent upon screws. Guards 
are required on steam-tight fixtures in open spaces where subject 
to mechanical injuries. Prismatic glass globes are fitted in all 
steam-tight fixtures and special shades are employed to direct 
and diffuse the light. Tungsten incandescent lamps are in 
general use but locations greatly affected by vibrations are lighted 
with carbon filament lamps. The high wattage tungsten lamp 
has now superseded both the carbon and mercury are lamps 
for the illumination of large spaces. 

Motors are designed under a special specification which enters 
into minute details so that a best service under sea conditions 
may be obtained. They are wound for either 120 volts on smal- 
ler vessels or 230 volts on the larger. In sizes of five h.p. or 
over they are multipolar, preference being given to comutating 
pole type. Various types of motors differing in mechanical 
construction as well as electrical characteristics depending upon 
the location and the service are required. For spaces and condi- 
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TION 
Two-kw., 240-cycle, installed on freight 


vessel. 


(нокхов!) 


MAJOLICA FIXTURES 


PLATE СХ. 
A. |. E. E. 
VOL. XXXIV, NO. 8 


{HORNOR] [HORNOR|] 
SMOKE TELEGRAPH TRANSMITTER SMOKE TELEGRAPH INDICATOR 


[HORNOR] 


Navy STANDARD BATTLE LAN- 
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Navy STANDARD BATTLE LAN- Navy STANDARD FUSED SNAP 
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tions where water or moisture cannot damage the apparatus open 
or semi-enclosed motors are permitted; on the other hand where 
exposed to the weather or moisture they are totally enclosed and 
of water-tight design. Enclosed ventilated motors are approved 
for specific conditions. Non-corrosive parts and interchange- 
ability are of great importance. Much attention is given to the 
testing of such apparatus and specific instructions are given 
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covering the adjustment, heating, balance, diclectric strength, 
efficiency, weight, etc. The tests are usually made at the works 
of the manufacturer and no shipments can be made until the 
apparatus meets the full requirements of the specification. 
Three types of control are now required in order to cover the 
various power equipments; namely, panel type controllers, 
drum-type controllers, contactor type controllers. These are 
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A 
mounted in water-tight enclosing cases where conditions demand 
in the same manner as for motors. Contactor panels usually 
being of large size are located below decks where they can be 
mounted like switchboards. They are operated automatically 
by a master controller which would be of the water-tight pattern 
if located on the weather deck. Tofinsure against unauthorized 
handling these contactor panels are usually protected by an 
expanded metal enclosure. Spare parts must be supplied with 
all motor and control equipments. These parts are based upon 


FIGURE "A" FIGURE "B" 
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FRONT VIEW WITH COVER AND DIAL REMOVED SECTION THROUGH CENTER LINE 
INDICATOR ELECTRIC TIMING DEVICE FOR BOILER FIRING 


the number and type of apparatus used; they are subjected to a 
like test as the motor, and are carefully packed in special boxes 
and marked for identification. | 

The signaling systems are installed under the same rules аз 
regards cables, methods of distribution, methods of securing the 
cables, etc., as already described. Energy for these systems is 
taken from the lighting bus-bars and transformed by means of 
small motor generators, or dynamotors, to a low potential (20 
volts d-c.). A special cable is designed for the general systems 
and one composed of like materials but with the wires twisted 
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and paired for the telephone system. As the instruments for 
this application are usually more delicate than the other appa- 
ratus it is more essential that care be exercised in their manufac- 
ture, and the points brought out previously must be even more 
precisely looked after.. The 4-с. motor-operated instruments 
have superseded the lamp instruments almost entirely, and they 
seem to be providing very satisfactory service. Communication . 
systems play an important part in the navigating of the vessel, 
in the transmission of general orders, and in the signals for gun 
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firing. These systems are very expensive and command as much 
attention and special designing as the power system. 


INSTALLATIONS ON VARIOUS TYPES OF VESSELS 


The general requirements of both merchant and naval prac- 
tise having been described, a brief outline of the electrical equip- 
ment on a few typical vessels will be given. It is to be under- 
stood that such installations are so flexible that many things are 
done for no better reason than that of individual preference; 
but these descriptions will endeavor to show the present extent 
of the application and the trend of development, 
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LAUNCHES AND YACHTS 


Certain manufacturers design and build complete outfits in- 
cluding generator, switchboards, and storage batteries, especially 
for this service. For the amateur vachtsman who delights in the 
experience of experimentation these outfits may do well. The 
generator is usually operated by a friction pulley on the flywheel 
of the propelling engine and the storage battery is used for steady- 
ing the voltage and supplying energy when the main machine 15 
not in operation. А better equipment is found in the larger 
steam vachts and for steam launches for large vessels. Such 
craft are fitted with a one-kw. direct-connected steam turbine 
generating. set preferably of 110 volts. Standard lamps and 
standard searchlights may then be installed. No attempt is 
made for any expensive distributing systems but a special fused 
circuit is provided for the signal lights. The fixtures are usually 
sclected by the owner and the style and type corresponds to the 
decorations. All the fixtures of a house installation are followed 
and the applications merely depend upon the luxury desired. 


TUGBOATS, FIREBOATS, ETC. 

Sea-going tugs usually carry two generating sets of 10 kw., 
110 volts, one 18-inch searchlight, the usual signal lanterns, in- 
cluding towing lights and approximately 120 incandescent lights. 
Government tugs in addition to this are supplied with a sub- 
marine signal receiver set, a night signal set, a call-bell system, 
and wireless telegraph outfit. 

Mine-planters and lighthouse tenders for the government have 
а generating. plant arranged to carry the dav and night load 
instead of the customary duplicate generating set. One turbo- 
generating set has a capacity of 7 kw. and the other 20 kw. 
Besides this thev are supplied with a submarine receiving set and 
frequently with a wireless outfit. The installation and installa- 
tion material must conform to naval practise. Approximately 
120 to 150 lights are installed. 


DREDGES Е 
The ordinary merchant type dredge has an installation of ap- 
proximately 150 lights, carrics one or two searchlights depending 
upon the length of the vessel and uses the high wattage tungsten 
lamp in lieu of the are lamp. "The generating plant consists of a 
total of 20 kw. usually comprising two 10-kw. marine recipro- 
cating engine-driven generating sets. Special searchlights simi- 
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lar to those used in the Suez Canal, are available for this type of 
vessel. А diverging lens 1s placed on the searchlight barrel and 


the rays are thrown to each bank of the stream and leave a dark . 


space ahead. This permits of up and down traffic without inter- 
fering with the regular signal lights. There is a growing tend- 
ency toward the use of electric power for the main purposes of 
dredging, and experimental plants are now in service in the 
western part of this country. There would secm to be no im- 
portant reason why such an application should not be entirely 
satisfactory and economical. 


FERRYBOATS 


The general practise today in lighting ferryboats is to outline 
the cabins with 25- or 40-watt tungsten lamps. These circuits 
are arranged so that in cases of emergency every other light may 
be in operation and total darkness avoided. Two generating 
sets, one of small capacity for the daylight load and onc of large 
capacity for the night load, are furnished and the circuits as 
above described are designed so that it will not be possible to 
overload the smaller generating sct. The average ferryboat 
is lighted by approximately 225 incandescent lamps. An т- 
teresting mechanical signal is connected to the disengaging gear 
of the steering engine and automatically warns the engineer at 
which end of the boat the steering gear is working. The signal 
lights are also so wired that when the pilot unlocks his steering 
wheel the correct lights for that direction go on and the other set 
of lights go off. 
О IExcvRsION STEAMERS 

For river and lake traffic two types of vessels are designed-— 
those that make night trips and those that make short day-hght 
pleasure trips. The day boats are'usually equipped with a 
duplicate dynamo installation. They are lighted by approxi- 
mately 300 to 400 lights and carry one 18-inch searchlight. Аз 
these vessels are light in construction, of shallow draft and do not 
encounter severe storms it is possible to adapt modern methods 
of illumination and so it will be found that indirect and semi- 
direct. fixtures are installed with ample reason because of the 
higher deck spaces and the artistic effects of the decorations. 

The larger Sound and Lake steamers are floating palaces and 
require the best of the decorator's art to satisfy the owner's 
desires. Much space in the super-structure 1s devoted to general 
rooms and these, often occupying three decks, are sumptuously 
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furnished. АН the artifices of the lighting expert are requisi- 
tioned; and concealed incandescent lamps back of the light wells, 
lights in glass columns, lights for the paintings, garlands of 
small lights, newel post lights, semi-direct and indirect light- 
ing units—all these and many more go to make up the appearance 
of luxury which is required. Such vessels are equipped with 
plants ranging from 100 to 200 kw. One of the interesting 
installations which differ from other vessels 1s the fire alarm 
system which becomes of great importance due to the liability 
to fire and the large number of lives involved. Asan illustration 
of the care observed in such matters the installation of the fire 
alarm system on the Sound steamer “ Commonwealth ” may be 
considered typical. The system was the open circuit type. 
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Mercurical thermostats of navy pattern were installed. A 
testing receptacle is located at the end of every line and tests are 
made every day after the passengers have left the vessel. The 
collision and general alarm gongs located throughout the vessel 
are also operated by this system, as well as by the regular switch 
installed in the pilot house. "The system is energized by both 
the regular interior communication dynamotor and also bv 
batteries which are thrown in automatically if for any reason thc 
dynamotor is not running. The bells throughout were of the 
short circuit type in order to eliminate the possibility of an open 
circuit in the bell. The annunciator in the engine room was 
located at the valves for the sprinkler system so that response by 
water could be immediately given. The saloon deck annuncia- 
tor was a duplicate of the engine room instrument and the eight 
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local annunciators had the circuits sub-divided in order to facil- 
itate testing and upkeep. 


FREIGHT VESSELS, COLLIERS AND OIL TANKERS 


Freight vessels of 5000 tons dead weight carrying capacity are 
usually equipped with 10-kw. marine reciprocating-engine gener- 
ating sets in duplicate. Approximately 150 fixtures, a few port- 
able hand lamps, cargo reflectors and one 18-inch searchlight 
which is mounted on the top of the pilot-house and controlled 
from the inside, are furnished. With the exception in a few 
cases of a small inter-communicating telephone system, the 
signaling systems installed are only those required by law. 

The equipment of oil tank vessels differs only slightly from 
that of regular freighters and colliers. The generating sets are 
usually a little larger, about 15 kw., and a few more lights are 
required, depending largely on the arrangements of the vessel. 
The location of the main propelling machinery, whether it is in 
the extreme after part of the vessel or amid-ships, naturally 
affects the extent of the electric plant. The owners of such 
vessels often take great precautions and insist on special designs 
of fixtures and fittings. In some cases great care is exercised in 
the permanent fixtures located in the pump rooms, these embody- 
ing a special sealed globe so as to prevent the entrance of oil 
fumes, and in other cases the owner prefers the use of navy 
standard fixtures in this particular compartment. Some owners 
require these special fixtures to be furnished throughout the 
vessel except in living spaces, and other owners use the regular 
commercial fixture except in the pump room. Up to the present 
time electric power has not been extensively employed for the 
operation of the important auxiliaries but it is not believed that 
direct-current motors would be as safe or as ready of service as 
alternating current. 


COASTWISE PASSENGER AND FREIGHT VESSELS 


Such vessels are more elaborate and so the electrical equi- 
ment becomes larger and assumes greater importance. These 
ships carry electricians so that the questions of reliability and 
readiness of service do not enter to such an extent as on smaller 
and less important vessels. The service that the owners wish 
to give and the demands of the public who travel in these coast- 
wise vessels determine many of the applications of electricity. 
So it will be found that some of our coastwise vessels especially 
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on the Pacific coast have a complete electric air heating system 
because the evenings on the West Coast are sometimes chilly 
and it would not pay the owners to install a steam system for so 
infrequent a service. On the Atlantic coast the winters are 
severe enough to require steam heating. As an illustration of 
the type of electrical installation on coastwise vessels, the equip- 
ment of the S. S. Great Northern and the S. S. Northern Pacific— 
vessels recently completed for the Great Northern Pacific Steam- 
ship Company, will be described. 

The generating plant consists of four 35-kw., 110-volt, direct- 
current, commutating-pole, compound wound generators direct- 
connected to 3200-rev. per min. water-cooled bearing turbines, 
supplied normally with steam at 200 pounds and a vacuum of 
28 inches, and designed to carry full load at 175 pounds steam 
pressure and 10 pounds back pressure. Each generating set 1s 
connected to the main distribution board through an automatic 
circuit. | 

From the main switchboard are led 24 fceder circuits supplying 
lighting, searchlights, hull ventilation, supply and exhaust fans, 
cargo elevators, galley and pantry motors, as well as a shore 
feeder of sufficient capacity to light the entire vessel from a 
shore plant, or light the dock from the ship’s generator. The wir- 
ing is on the two-wire system, and the material used represents 
the very latest marine construction. The highest grade rubber- 
covered wire is used, over which is supplied a lead sheathing, 
this being protected by a basket weave galvanized steel wire 
armor. This wire is secured directly to the structure of the ves- 
sel climinating customary conduits and moulding and the col- 
lection of moisture in them—the cause of numerous troubles, 
experienced with conduit installations. Water-tight junction 
and feeder boxes and fixtures are used throughout except in 
living quarters, and the wire entering these applicances is made 
water-tight by hemp packing in suitable stuffing tubes. Mazda 
lamps are used throughout the vessel, of which there are 1700. 
The lighting circuits are divided into four classes—general il- 
lumination used as required, stateroom lighting always at the 
disposal of the passengers, police lights which are never extin- 
guished, and the individual cargo hghting throughoyt the cargo 
spaces controlled by separate circuits so that the lights may 
be extinguished when the cargo spaces are filled in conformity 
to the insurance requirements. Every passenger compartment 
is supplied by duplicate feeders so that in the event of a failure 
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of one feeder no compartment is in darkness. The lighting 
fixtures are unusual in several features. Majolica fixtures deco- 
rated in gold are used in the staterooms and stateroom passagc- 
ways. This is the first use of such fixtures in this country. 
Each stateroom is provided with a receptacle of thc same con- 
struction for reading lamps, fans, curling irons, or warming pans. 
Steam and water-tight fixtures are used in exposcd locations, 
machinery and cargo spaces. The reflected lighting for the 
oil paitings in the saloon, lobby, writing room, and “А” deck 
entrance, as well as the massive scmi-indirect lighting fixtures 
used exclusively in the dining room, are departures in marine 
work. АП metal parts in the stateroom are of топе! metal to 
eliminate plating and prevent discoloration. Cameo and cut 
glass bowls of various designs for lighting fixtures have been 
used quite extensively throughout the vessel. 

The ventilation and heating of the vessel is most complete. 
Fourteen ventilation and heating units supply all staterooms and 
public spaces. These consist of conicle flow fans used for the 
first time in marine work and which on test develop an efficiency 
of 56 per cent. These fans are dircct-connected to enclosed 
adjustable-speed motors and discharge the air through coil 
heaters. All these units are supplied with a by-pass for use 
when not required. These units range in size from 1500 to 3000 
cubic fcet of air per minute at 11 pounds per square foot pressure, 
and are designed to supply the full quantity of air when discharged 
through the heater. Six fans of the same type without heat- 
ers are used to exhaust the air from lavatories, toilets, galley, pan- 
try and smoking rooms, and, when run at maximum speed, 
will change the air in these compartments every minute. Elec- 
tric motors are used quite extensively in the galley and pantry 
where the following apparatus is located: One one-barrel dough 
mixing machine operated by a two-h.p. motor, one 40-pound 
vegetable paring machine operated by a j-h.p. motor, two 
one-tank dishwashing machines operated each by а 3-В.р. 
motor, one meat and food chopping machine operated by a 
one-h.p. motor and capable of chopping 144 pounds of food per 
hour, one 2800-watt, three-heat hotel griddle used for toasting 
bread, frying eggs, bacon and chops. The large cold storage 
compartment which extends the width of the vessel, as well as 
each of the cargo holds, is provided with a three-ton hoister 
operated at a speed of 100 feet per minute and driven by a 
40-h.p. motor equipped with automatic starting and limit 


switches. 
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The call-bell push buttons in all the staterooms have been 
utilized as a part of the fire alarm system by the installation of 
a thermostat button which expands when subjected to a 
temperature of 160 deg. fahr. This will announce on the call- 
bell annunciator an excess of temperature in the particular 
location even if the room is not occupied. Тһе main fire alarm 
system, consists of a small pipe of minute internal diameter 
which is carried throughout the living spaces of the ship. An 
indicator board representing small plans of the different decks 
is mounted in the pilot-house and small battery lamps give the 
location of the fire upon the sounding of the alarm. This system 
is based on the expansion of air due to increase in temperature. 
The latest improved loud speaking telephones are used for com- 
munication between locations exposed to weather conditions 
and machinery noises. A commercial standard type of telephone 
is used for communication between other locations. A motor- 
driven type of electric whistle operator is installed with switches 
located in a number of places both for blowing the whistle at 
will and also for blowing the whistle automatically during foggy 
weather. The vessel is equipped with the usual mechanical 
engine and docking and steering telegraphs of the latest and 
largest pattern. | 

А powerful-18-inch searchlight is mounted on each епа of 
the forward bridge in such a position that they can sweep the 
entire length of the vessel. 

This vessel carries two wireless outfits both of the navy type, 
one of two-kw. capacity and the other of 1-kw. The latter was 
for emergency purposes and could be operated from the battery. 
Every precaution was taken in mounting the apparatus, which 
was extremely compact, so that if the ship were sinking the 
wireless telegraph station would be in service until the water 
reached the radio room. The motor generator for the largest 
set was supplied energy from the ship’s 110-volt system but 
could also be energized from battery. The batteries wcre auto- 
matically charged and the machinery in general so controlled. 
All the apparatus was protected from induced high potentials 
by means of condensers and protective resistors. The trans- 
mitter was the quench-gap (noiseless) type, 500 cycles. A 
blower was used to cool the surface of the quench-gap plates. 
The transformer stepped the 220 volts of the generator to approxi- 
mately 12,000 volts. The oscillation transformer was constructed 
of copper ribbons edgewise wound, spiral mounted on hard rubber 
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disks. The aerial inductance for lengthening the wave of the 
open circuit is likewise constructed. A condenser of four plates 
in series serves to shorten the wave. A protective reactance 
is connected across the sending key. The receiver detector is 
of the carborundum crystal type, and sensitive head telephone 
sets are used. The aerial is of the two-wire “Т” type with 
14 feet spread between wires. Тһе main set has given remark- 
able service. Communication at night was uninterrupted from 
the time the vessels left Philadelphia until it arrived at Santiago. 
The Great Northern on a trip from San Francisco to Honolulu 
retained communication by night from the time of her departure 
from San Francisco until her return. The power of the large 
set may be varied from 100 watts to 3000 watts and while the 
set was being tested at her builder’s yards in Philadelphia, Cleve- 
land, Ohio, was called at 6:30 p.m., using 600 watts, and ап- 
swered immediately. Boston was communicated with about a 


half hour later using 250 watts. 


SUBMARINE BOATS 


The energy for the lighting and power system is supplied irom 
the main storage batteries. The lighting supply contains а 
dimmer by means of which the 110 volts may be maintained 
reasonably constant. Approximately 40 to 60 steam-tight 
guarded fixtures are installed. "The auxiliary motors, such as 
for ventilation, pumps, air-compressors etc., are of standard 
design wound for 120 volts. The main propelling motors are 
wound for 120 to 240 volts. These operate as generators wlien 
the vessel is on the surface for charging the storage batteries. 
There are three separate switchboards, onc for the main battery, 
another for the lighting and power systems, and a third for the 
interior signaling systems. These latter consist of telephones, 
call-bells, engine telegraphs, torpedo tube indicators, marker 
buoy, submarine signals, gyro-compass, and wireless telegraph. 
Remote control systems are much employed especially for such 
systems as the diving apparatus, steering gear, and the elevating 
gear for the pcriscope. 


TORPEDO-BOAT DESTROYERS 


The growth of the generator plant for torpedo-boat destroyers 
has been very marked in the last few years and two 25-kw. 
125-volt turbo-driven sets are now installed. Approximately 
200 incandescent lights, two 30-inch searchlights, a night 
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signal set, electric fans, hull ventilation, and a system of interior 
communication comprise the equipment. This latter svstem 
consists of call-bells, general alarm gongs, smoke indicators, 
shaft revolution indicators, torpedo firing, and wircless telegraph. 
These instruments are exactly similar to those used on battle- 
ships, the size of torpedo-boat destroyers now being such that 
no modifications are necessary in order to adapt the standard 
instruments. 
FLEET AUXILIARY VESSELS 


The navy has many vessels such as transports, supply ships, 
colliers, submarine tenders, torpedo-destrover tenders, etc., 
all of which serve some necessary purpose in attending the fleet. 
Though these vessels naturally differ in their arrangement, size, 
etc., still they all more or less carry about the same electrical 
equipment. This equipment usually consists of а turbo- 
generating plant of approximately 300 kw., 125 volts, necessary 
switchboard, four 30-inch mechanically controlled searchlights, 
about 700 to 800 incandescent lights, two night signaling sets, 
electric fans, hull ventilation, and a system of interior comunica- 
tion. The signaling system comprises call-bells, fire alarms, 
general alarm gongs, boat hour gongs, telephones, shaft revolu- 
tion indicators, helm angle indicators, electric whistle operator, 
fuel oil indicator, submarine signals, and wireless tclegraphs. 

It is interesting to note in this connection that the fleet collier 
Jupiter is equipped with electric motors for the purpose of pro- 
pulsion and that this vessel is the first sca-going vessel so pro- 
pelled. The Jupiter’s installation has been fully described both 
when designed and after she performed her trials. She has now 
been in regular service about two years and has shown very 
successful performance. This installation was an experimental 
one and was purposely made for comparison with reciprocating- 
engine drive and geared-turbine drive, the same type of vessel 
being maintained in each case. The Jupiter has shown herself 
very much superior to the reciprocating engine-driven ship and 
comparisons cannot be made with the geared turbine-driven 
ship as data from this vessel has not yet been made available. 


BATTLESHIPS 


The electric plant consists of four 300-kw. turbine-driven, 
direct-connected generating sets of 240 volts, direct current. 
T wo sets are located forward and two aft. These sets are either 
three-wire machines or two-wire; in the latter case rotary balancer 
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sets are required so as to provide 120 volts for the lighting and 
searchlight systems. There are two main switchboards insta)led 
fore and aft in special compartments. These switchboards 
control the generators and distribute the energy for power and 
lighting. A common negative bus and a separate positive 
lighting and power bus enable a separation between these two 
systems. The two distribution boards are interconnected so 
that energy may be supplied to either board from the other. 
The generators in each room are operated is parallel but the 
two rooms are so arranged that multiple operation is not possible. 
Auxiliary switchboards are furnished for the further distribution 
of energy and form the centers of distribution for the feeding 
system. Eight 36-inch searchlights and two portable 12-inch 
single projectors are furnished. 

The lighting system consists of 3000 regular standard fixtures, 
and an auxiliary lighting system is provided for the more im- 
portant working spaces of. the vessel; this system is supplied by 
batteries. Each turret has an independent auxilary battery 
lighting system. There are installed 135 electric bracket fans, 
an electric heating system, a complete interior communication 
system, and a complete system of power-driven deck auxiliaries. 

The power system comprises electric-driven hull-ventilation 
fans and heating coils, turret turning, turret ammunition hand- 
ling, turret gun ramming, turret gun elevating, boat cranes, 
deck winches, capstan, five-inch ammunition hoist, ammunition 
conveyors, sanitary, fresh water, main drainage and secondary 
drainage pumps, air-compressors, anchor windlass, steering 
gear, independent laundry equipment, independent workshop 
machinery, main turbine turning equipment, independent com- 
missary appliances, such as dough mixers, ice cream freezers, 
meat choppers, potato peelers, dish washers, etc., and the energy 
supplied to bake ovens. Of these equipments the largest is 
the steering gear and two systems—the contactor control and 
the motor-generator control—are now in the trial stage. This 
system requires a motor rated at 350 h.p. and capable of working 
under a hundred per cent overload for a few minutes. The 
steering gear ‘application has recently been described and as 
no trials of the apparatus now installed have been held nothing 
can be added to this subject at this time. Next to the steering 
gear equipment in size, is the anchor windlass, requiring two 
motors of 175 rated h.p. and the same overload capacity as the 
steering gear motor. 
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The interior communication system comprises the following: 
call-bells, telephones, fire alarm, general alarm gongs, boat hour 
gongs, shaft revolution indicator, steering telegraph, steering 
emergency signal, gyroscopic compass, engine revolution tele- 
eraph, fire room telegraph, engine order telegraph, loud- 
speaking telephones, rudder indicator, gun firing systems, warn- 
ing systems for closing water-tight doors, air-lock indicators 
for indicating when air-lock doors are open, water-tight door 


-———À— 


MASTER GYROSCOPIC COMPASS 


signals, submarine signal, electric whistle operator, drainage 
tank indicator, and wireless telegraph. One of the most interest- 
ing developments among these many systems is that of the gyro- 
scopic compass. This apparatus has been recently described and 
its application has been greatly extended in various ways. 

It is to be noted that the experiment with electric propulsion 
on the Jupiter has been so satisfactory that our government 
has authorized its installation on the U. $. S. California, one of 
the latest battleships now building at the New York Navy 
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Yard. The design of the motors will differ slightly from those 
of the Jupiter but the general applications will be the same. 
A total of 37,000 h.p. will be provided, and each of the four 
shafts will be operated by an induction motor receiving energy 
from two steam turbine-driven alternators wound for approxi- 
mately 2500 volts three-phase. The advantages to be gained 
in this electric coupling, instead of the mechanical reduction 
gear, are very obvious in the case of a battleship, as it is neces- 
sary at certain times to drive the vessel at high speed but it 
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is just as necessary to drive it under normal conditions at low 
Speed; for this large variation in horse power the electric equip- 
ment is more flexible and more economical, permitting of like 
Water consumption at low, intermediate, and high speeds. 
The motors are provided with two windings using the slow- 
SPeed winding at ship's speeds lower than 15 knots and the 
high-speed winding at higher speeds. One generator will sup- 
ply all four motors for intermediate speeds and each generator 
will Supply two motors for full power. 
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CONCLUSION 


Merchant Marine applications have not shown a like Increase 
to naval applications because of the lack of a merchant over- 
seas trade. Trans-Atlantic and Trans-Pacific vessels of the 
foreign type have not been constructed in this country since 
1902, at which time а vessel of 12.000 tons and 620 feet long 


dollars and sixty-five cents per shaft horse Power—less than 
half the cost of the electric plant. | 
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То be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 
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OVERHEAD ELECTROLYSIS AND PORCELAIN 
STRAIN INSULATORS 


BY S. L. FOSTER 


ABSTRACT OF PAPER 


There is a slight leakage of current from trolley wires to earth 
through insulated supports on all electrical overhead construc- 
tion, which if not checked permits a flow of current which gives 
rise to electrical separation of water into oxygen and hydrogen. 
The oxygen liberated acts vigorously upon the adjacent metal 
parts which in time become badly corroded. This electrolytic 
action also seems to remove the galvanizing from live metal 
parts before attacking the iron. А partial remedy for this 
rusting of live galvanized wire is painting. 

This electrolytic effect is also seen to take place over strain 
insulators where the creepage distance is insufficient. This 
indicates that a creepage distance proportional to the conditions 
met must be secured to stop the flow of current around the out- 
side of the insulators. The author concludes that, under fog 
conditions, the insulator surface exposed for creepage is in- 
sufficient in our present standard devices. 

Another form of overhead electrolytic action noticed in 
electric railway work is caused by use of dissimilar metals in con- 
tact. Sulphuric acid and other fumes in the air, and ozone from a 
nearby ocean, are supposed to be the electrolytes that set up a 
local battery action at these points of contact. The logical 
remedy for this trouble is to use similar metal in contact. 
The paper then describes the troubles encountered in San 
Francisco due to these causes and the remedies which have 
been applied. . 


ON ELECTRIC railway construction in damp climates, and 
more or less in all climates, there is a light leakage of current 
from the trolley wire to the earth through the insulated supports. 
This flow of current if unchecked produces the same results as 
usually follow the electrolytic separation of water into oxygen 
and hydrogen. Oxygen is liberated at the positive end of the 
insulating device or the end nearest the trolley wire and attacks 
the metal immediately adjacent to the insulation. In the case 
of galvanized iron the zinc covering or galvanizing is soon re- 
moved and the iron is acted upon vigorously by the oxygen. 
This effect is seen on the bolt or stud that fastens the trolley 


car to the trolley hanger. The threaded lower end will be found : 
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badly corroded, even though it had been smeared with thick 
oil on installation, while the rest of the bolt is less rusted. The 
explanation seems to be that a leaking current in passing from 
the exposed part of the bolt around the outside of the insulation 
to the metal body, bv which the span wire is attached to the 
trolley wire, electrolytically disassociates the oxygen and hydro- 
gen of the moisture present, the охуреп appearing at the positive 
pole and at once attacking the iron stud. 

The electrolytic action is also seen in the film of green copper 
salt that spreads from the head of the brass ear over the lower 
surface of the cone to the iron hanger in cap and cone construc- 
tion where exposed for long periods to moisture or salt sprav, 
practically destroviny its value as an insulator. 

Iron oxide or rust, as it is usually called, occupies 2.2 times 
às much space as the iron from which it was formed and this 
continuous growth exerts a powerful lifting or heaving effect 
on the insulation above it. The progressive oxidation of iron 
results, in the case of the insulated bolt form of span wire insula- 
tion, in rupturing the envcloping material and gradually pressing 
the pieces further and further from the bolt, reducing the insula- 
tion resistance in proportion to the destruction of continuity of 
the enveloping insulating material, until the hanger becomes 
worthless as an insulator during wet weather. In the cap and 
cone form this oxvdizing action results in sj litting the cap in 
various directions and destroving its insulating value. In the 
cap this splitting of the insulating covering has keen reduced 
by having the stud hot-dip galvanized before the insulation is 
pressed on it in the process of manufacture. 

In the strain insulator this creepage-electrolvsis effect 1s also 
seen. А globe strain, for example, exposed in a damp climate 
a few months as the only insulation. betwcen an uninsulated 
curve hanger and the pole (even in the case of a wooden pole) 
will show a heavy ring of iron rust around the shank of the eye 
on the end of thc insulator toward the trolley wire, and a white 
zinc efflorescence on the end toward the pole while the interior 
upon crushing will be found to be clean and intact, its insulating 
conditions as good as ever and the galvanized surfaces bright 
and unimpaired. If time enough clapses this oxvdation will 
split the spherical composition insulation open in cracks at the 
end toward the trolley wire. This scems to be due to simple 
electrical leakage over the three inches of surface of the insulator. 
It is too small to be measured with an ammeter and causes no 
hot poles nor opened circuit breakers. 
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With some forms of strain insulators this flow of current might 
be called “ sneakage " as it occurs without outward sign through 
the interior of the device until the resistance has been broken 
down sufficiently to allow a clear path. In the case of a single 
insulator in the span wire there then occurs the phenomenon of 
a shocked lineman, a hot pole, a burned off support or occasion- 
ally a dead-grounded feeder at the power house. As asafeguard, 
three of these expensive insulators are sometimes seen used in 
series at eachend of aspanwire. This is probably the best meth- 
od of increasing the creepage distance sought for provided 
the insulation is proof against “© sneakage.”’ 

There is another interesting phenomenon connected with this 
leakage of current along span wires and guys. The current seems 
to pass off from the exterior of the live wire first removing elec- 
trolytically the galvanizing and then attacking the iron. In 
moist climates and especially where exposed to salt spray the 
"extra" or "double" galvanized strand when used where 
leakage current along it is possible rapidly becomes denuded 
of its zinc covering, gets red with rust, becomes pitted and quickly 
loses its tensile strength as if the wire being positive to the earth 
were discharging through the moisture of the atmosphere through- 
out its whole length. It may be claimed that action is due to 
insufficient galvanizing or to local action from impurities in the 
iron of the wire. That it is chiefly duc to an electrolytic action 
is shown by considering guy wires put up nearby at the same 
time and used where little or no current could pass along them as 
in the case of aa insulated drop guy between two wooden tele- 
phone poles attached below the crossarms on each pole. Here 
the galvaniziny though unpainted was unaffected by the elements. 

A partial remedy for this rusting of the live galvanized wire 
is painting аз is seen by considering the end of a guy wire where 
it was painted at the wrap around the iron pole and beyond. 
Where painted it was not affected and was full size although cor- 
roded badly where unpainted. This corrosion also occurs when 
bare copper is used for guys or spans and is alive unless these 
wires are oiled or painted. That the trolley wire does not 
show effects of the action is supposed to be due to it being pro- 
tected by a film of lubricant thrown upon it by the passing 

trolley wheels. 

These points seem to teach that it is not m the high insula- 

tion puncture and flash-over tests of the trolley wire devices nor 
the crushing strength of the composition that are important 
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but the securing of a creepage distance proportional to the con- 
ditions met with so as to stop the flow of current around the out- 
side of the insulating parts. | 

The substitution of glass or porcelain for the usually more or 
less fibrous and absorbent compounds in strain insulation pre- 
vents “ sneakage " which is a distinct gain but stil leaves 
the creepage along the surface. The gain is alwavs being 
able to see the condition of the insulation in a properly designed 
glass or porcelain strain insulator, and in the reduced price 
originally, and for maintenance, has been considered in accounting 
for its popularity more than the danger from breakage of the 
relatively more brittle vitreous material. From this it would 
seem clear that the surface exposed for creepage is not enough 
under fog conditions in our present standard devices. 
Proper demand for neat, light weight parts has been com- 
plied with but we have not left enough distance between positive 
and negative sides to sufficiently protect the trolley supports 
from electrolytic action, necessitating that the hanger insulation 
be reinforced by a generous amount of permanent creepage dis- 
tance in the span wire insulation—a creepage distance whose 
amount will not be reduced nor impaired by any electrolytic 
action in or around the strain insulator as it has been seen occurs 
on the underside of the cone in the hanger insulation when the 
surface is covered with a conducting film of metal or metallic 
salt from electrolytic action on thc boss of the brass ear. 

One factor is often overlooked that helps to neutralize the 
results of creepage—the insulation of the iron pole itself. Con- 
crete is a fair insulator when dry but unless there is a layer of 
it under the pole the pole is not insulated as well as it could 
reasonably be. "This concrete setting, as far as it goes, 1s a pro- 
tective against the electrolvtic injury to the wires and hangers 
above. 

Leakage ground is not confined to iron poles but occurs 
on wooden poles on which there should always be a sufficient 
strain insulator in the span wire at either end. In the case of 
iron poles, if one strain insulator does not suffice two should 
be used, one about two feet from the trolley and one six feet 
from the pole. If two do not check the corrosion at the hanger 


(x) 


_ and elsewhere on the span wire, insulators with more creepage 


distance over their insulated parts should be used as, for example, 
long wooden insulators. These latter, however, lack the tensile 
strength and the interlinking feature of the disk or cubical or 
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" goose egg" porcelain strain insulators. Disk insulators are 
heavier, more expensive and more liable to fracture from stones 
or wild trollev poles than the other kinds. 

All galvanized iron strand intended for overhead use in con- 
nection with electric railwav work 1$ given bv some companies 
two coats of linseed oil paint by dipping the wire, previously 
made up in coils of conveniently portable size, in a bath of paint, 
allowing the first coat to drv and dipping the wire a second time. 
It costs far less to apply the paint by immersion than with brushes 
Бу men on ladders or tower-wagons after the wire is in place. 
А paint giving the best results is the ordinary pole paint made 
with linseed oil as a vehicle and a metal oxide as a filler. 

All joints made by the linemen in galvanized wires or cables 
should be painted at least one coat. The zinc of the galvanizing 
is scraped off the wires by the pliers, and unless painted, local 
action begins at once. All overhead parts should be painted 
before being installed and when poles are painted all wire and 
all cable joints, strain insulators, etc. within reach of the painters 
should be covered liberally with paint. This linseed oil harms 
nothing, is a good insulator and is the best known metal preserva- 
tive. Local action will commence at once where the zinc 
covering has been abraded in handling the galvanized article. 
The covering of paint prevents this action from taking place 
by keeping the electrolyte from contact with the dissimilar metals 
in the injured surfaces. 

There is another form of overhead electrolytic action met with 
in wires used in electric railway work. This is caused by the 
use of dissimilar metals in contact. Galvanized iron cables 
attached to the brass eyes of curve hangers, of spherical strain 
Insulators etc. leads to rapid rusting off of the wire at the point 
of contact. The sulphuric acid found in the air of cities from 
the com bustion of coal, from the escaping fumes of chemical 
works, the salt spray and ozone from a nearby ocean, etc. are 
thought to be the electrolytes that serve to start a local battery 
action. This action probably explains some of the corrosion 
at the thread of the hanger bolt that results in loose hangers in 
the ears, 

The logical remedy for this is to use similar metals in contact — 
galvanized iron cable with galvanized iron parts and copper 
OT bronze cable with brass parts. The local action will then 
si minimum. Applying a heavy oil to the thread of the hanger 

When screwing it into the brass ear is a palliative by neutral- 
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izing the electrolyte. As copper guy or span wires are more 
expensive than galvanized iron ones and do not withstand 
the blows from wild trolley poles as well, brass parts had better 
be replaced by galvanized iron ones for all overhead trolley work. 

It 1$ logical to believe and difficult to disprove that some of 
the wasting away of the iron pole at the top of the concrete 
setting, that sometimes seems to defy the painters and is often 
charged to the dogs, may be due in part at least to electrolysis, 
the leaking current passing from the iron of the pole along 
the damp surface of the ground toward the rails. Exceptionally 
rusty pole bases in spite of usual attention from the painters 
should justify investigations being made into the condition of 
the insulation in the span wire and at the ear. | 

In San Francisco these problems presented themselves earlv 
in electric railway experience and have been solved one after 
the other, producing not only improved conditions electrically 
but increased strength mechanically, reduced original cost, re- 
duced maintenance cost and both greater safetv for the workmen 
and greater rapidity of work. The first problem taken up was 
the electrolysis from the combination of the brass eve in the 
strain insulator and the galvanized iron strand. The galvanized 
strand corroded at an extraordinary rate in the brass insulator 
eye. This was remedied by having galvanized iron eves used 
in the strain insulators in place of the brass eyes. Here there 
were two gains. The iron eye was stronger than the brass eve 
and the galvanized strand lasted longer in the iron eve than it 
did in the brass one. 

The second problem was the failure of the strain insulators 
due to the heaving action of the iron oxide at the positive end 
of the insulator as already described. 

For long periods during the summer months the heavy salt 
fog lay on the land near the ocean and kept the surfaces of these 
insulators bathed in moisture. The growing oxide forced the 
composition insulation open in numerous crevices and when the 
first winter rains came there were many hot poles reported on 
the system. The first rain storm of winter was a day to be dreaded 
by the linemen then. Between 1893 and 1901 every kind 
of strain insulator on the market was tried and found wanting— 
mica, composition, globe, Brooklyn etc. In 1901 a cheap glass 
later displaced by a porcelain cubical or ‘ goose еро’ strain 
insulator was adopted for all trolley work. Since then such a 
thing as a hot pole from a defective strain insulator has been un- 
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heard of during rain storms or at all. The creepage distance 
was no longer on the porcelain strains, insulators, in fact, nor 
half as long as on the globe strain, insulators that were displaced, 
but the creepage current did no harm to the vitreous insulator, 
was entirely on the exterior of the insulator and when the rain 
came there were no crevices or exposed fibrous surfaces to ab- 
sorb moisture and facilitate leakave. The rain washed off the 
porcelain insulator and improved its insulating qualities if 
anything. 

When there was a little or no fog a single porcelain insulator 
was used at each end of the span wire. Where the fog was 
heavier or there was feeding cable from a feeder used as a span 
wire two insulators were used in series. On particularly exposed 
lines along the cliffs around the Golden Gate even two of these 
and of a larger size did not suffice, and lony wood strains had to 
be substituted, but that story will come later. Recently a 
state law has been passed requiring a strain insulator two feet 
from each trolley wire in the span wire and one at each end of 
every guy wire or cable. The result of this will be at least two 
porcelain strain insulators between the trolley wire and the 
pole everywhere. 

The porcelain insulators referred to are of two sizes. To save 
the linemen’s time and to improve the appearance of the over- 
head construction hot dip galvanized wrought iron welded links 
were made for use with the porcelain insulators. These links 
seem to be as durable as the insulators and were made in the fol- 
lowing forms: single links for pole band attachment, double links 
for feeding at the pole or for feeder cable dead-ends, triple links 
with triangular bull-ring for curve pull-oẸf poles. The links for 
the small insulators were made of $-in. and for the large ones of 
2-11. round Norway iron. The triangular bull-rings were made 
of $-in. steel. | 

The essential information relative to the two sizes of porcelain 
strain insulators referred to are as follows: 


Small Large. 
ПОїйате{ег................... ` 21 in. iain. 
Гейра одао Зі in. i in. 
Width of grooves............ à in. 5 in. 
Weight..................... 1 №. 3 lbs. 
Crushing їезї................ 12,000 Ib. 18,000 1b. 
Flash over test-new, dry...... 10,000 volts. 30,000 volts. 
Color....................... Dark brown. Dark brown. 


Cost each................... 43 cents. 234 cents. 
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The single link for the small insulator costs 10 cents and for 
the large one 15 cents. The smaller insulator is used in all 
spans and guys except those under extraordinary strain such as 
dead ends for trolley wires, 1,000,000-cir. mil cables etc. where 
the larger one 1s alwavs found amply strong. 

The method of use of these insulators ensures interlinking of 
the metal parts and maintaining of the conductor in the air in 
case of fracture of the porcelain which seldom occurs. 

Where composition strain insulators are used, and from bitter 
experience the linemen have learned to know that their elec- 
trical sufficiency or insufficiency cannot be safely inferred from 
their external appearance, these men are accustomed to test the 
span wire before beginning work by making a rapid electrical 
connection from the trolley wire to the span wire with the opened 
handles of their connectors or gas tongs. 

With porcelain insulators in the spans such tests ате 
never required nor made by the men, as a glance at the insulator 
is all that 15 necessary. If the porcelain insulator is in place it 
must be intact and its insulation makes the span wire safe to 
handle without danger of it proving to be connected to the earth. 
Its external appearance 1$ satisfactory evidence of its electrical 
sufficiency. Тһе linemen also save the time formerly spent in 
testing the insulation of the span wires. 

Further, there is little or no danger of the porcelain insulator 
failing while the men are working on its span wire, however 
old the insulator may be or however long it has been in service. 
A rifle bullet a blow from a stone thrown at it, or from a wild 
trolley pole are the only causes of injury to these insulators met 
with in our experience, and there are very few breakages indeed— 
hardly one-tenth of one per cent. | 

During the great Зап Francisco fire of 1906, all the expensive 
composition strain insulators, and in fact, all composition over- 
head parts such as caps, cones, one-piece hangers etc. swelled 
up under the heat and went out of business as electrical insulators 
whereas most of the cheap porcelain strain insulators passed 
through the ordeal safely and were gladly used again in the re- 
construction, as the stocks of overhead material in our storeroom 
and those in the storerooms of all the local supply men had been 
destroyed. | 

The fact that these porcelain insulators in the span wires had 
withstood the flames enabled the main crosstown line to be put 
in service in less than 24 hours from the time the conflagration 
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subsided. The new trolley wire has used tied to the span wires 
with the temporary construction wire ties only, the porcelain 
strains at each end of the spans furnishing sufficient insulation 
between the trolley and the iron poles until the lacking hangers 
and ears could be obtained from outside the city. 

From an ever expanding fourteen years experience with porce- 
lain for all 500 volt d-c. electric railway strain insulator work, 
except extreme fog conditions, it has been proved in San Fran- 
cisco practise, where there is neither snow, ice nor sleet and but 
little lightning, that porcelain is the best material for the pur- 
pose. 

It is incombustible, nearly indestructible, invulnerable to 
atmospheric actions, requiring no original or subsequent рге- 
servative treatment, painting, testing or other attention, having 
higher compressive strength combined with small dimensions, 
protecting by the interlocking metal parts the conductors from 
falling, preserving the workmen from unexpected electrical 
shocks or waste of their time in determining the condition of the 
insulation by test, being cheaper to buy, costing nothing to main- 
tain and enduring forever as good as when new. 

The change in 1901 to porcelain as the exclusive material for 
strain insulator uses marked as important an advance in the art 
of keeping down the cost of maintaining the overhead construc- 
tion of the trolley lines in San Francisco as the advent of the 
clinched ear in place of the soldered ear did a few years later. 

The creepage distance from conductor to conductor on the 
smaller porcelain strain is only about $ of an inch. On our 
ocean exposed line skirting the Golden Gate we used the larger 
insulator on which the creepage distance was 2 inches. "This 
did not prevent the rapid corrosion of the galvanized support 
cables. | 

In San Francisco fog practise, the size of the span wire has 
been increased from 1 to 5/16 to $ inch and of guys from 5/16 
to $ to 3 inch in order to lengthen the life of these cables. 

On this Cliff Line the overhead strand lasted only about two 
years. When one large porcelain did not answer, two in series 
were tried on this wood pole construction. Then wood strain 
insulators five inches between heads were tried only to have the 
iron heads corrode off rapidly. Wood strain insulators 152 
inches between heads really seemed to increase the life of the 
galvanized strand although the heads toward the trolley wise 
showed the characteristic electrolytic action and a heavy iron 
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oxide quickly accumulated over the sherardizing, the insulator 
heads toward the pole remaining normal. 

We are now making homemade wood strain insulators 24 
inches between conductors that are expected to ensure reasonable 
durability to these exposed “‘Extra’’ galvanized cables which, 
it should be stated, had been painted two heavy coats of linseed 
oil paint by dipping, previous to being put in place, as is done 
with all the strand of all sizes that is used in the overhead work. 

These wood strain insulators last referred to are made of maple 
and boiled 24 hours and cooled off in linseed oil before being 
painted. They are 2 $ in. thick, octagonal in section and pass а 
tensile strength test of 5000 pounds without showing any signs 
of distress. 

It perhaps should be made clear that the porcelain insulator 
is subject to the same limitations as to protective power, accord- 
ing to creepage distance, as other forms of strain insulation. 
Where this distance is insufficient for the fog conditions met with, 
the conductor on the positive or trolley wire side of the insulator 
will be gradually weakened by the electrolytic action already 
described. This progressive deterioration is always visible, 
however, in the porcelain insulator construction, and the failing 
cable is usually replaced by a sound picce before the span or guy 
breaks. An additional insulator or one with longer creepaye 
distance can be inserted at this time if the conditions seem to 
justify it. | 

In the absence of fog, this electrolytic weakening of the span 
docs not become serious, and there are many cases in San Fran- 
cisco outside the fire zone of 1906, where the original single small 
glass insulator per span, and original span wire installed thirteen 
years ago, are still in use and in satisfactory condition. 
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PHYSICAL LIMITATIONS IN D-C. COMMUTATING 


exceeded 


MACHINERY 


BY B. G. LAMME 


ABSTRACT OF PAPER 


In direct-current machines, there are a number of apparently 
distinct limitations, such as sparking at brushes, flashing at 
the commutator, burning and blackening of the commutator 
face, picking up of copper, etc. which, in reality, are very in- 
timately related to each other. The principal object of the 
paper 1$ to bring out such relationships and to show that all 
these actions are special cases of well known phenomena. 

The theory of commutation is considered only in its relation 
to the e.m.fs. generated in the coils short circuited by the 
brush; and the limiting e.m.fs. per commutator bar and per 
brush are shown to be fixed principally by brush contact re- 
sistance. The effects of the negative coefficient of the contact 
resistance 1s also referred to briefly. 

Flashing due to various causes 1s next taken up, and the re- 
lations between the maximum volts per bar and flashing con- 
ditions is indicated, both from test and general experience. 
Flashing due to various other causes, such as interrupting the 
circuit, etc. is also considered. 

Burning and blackening of commutators, high mica, picking 
up of copper, etc. are treated in detail, and these actions are 
shown to be very closely related to the commutation limits de- 
rived in the earlier part of the paper. 

Noise, vibration, ete. are also considered as limitations in 
design of d-c. apparatus. In approaching the ultimate design, 
these limitations become increasingly prominent. 

Flickering of voltage and winking of lights are two well- 
known actions in direct-current practise. А simple explana- 
tion of the winking of lights (not original with the author) 1$ 
given with the results of tests on a generator with well pro- 
portioned compensating windings in the pole faces. Apparent- 
ly the difficulty is a fundamental one, and 1s lable to occur in 
all types of d-c. machines. 

In conclusion, a brief chapter is given on design limitations 
as fixed by commutator peripheral speed. This applies par- 
ticularly to large capacity high-voltage machines. 

An appendix 1s added covering a method for determining the 
maximum capacity of d-c. machines in terms of the short cir- 
cuit volts per commutator bar when the various constants in 
the machine ‘are given certain limiting values. The results 
show that in large high-speed machines, the maximum capacity 
is considerably above present practise. 


№ DIRECT-current commutating machinery there аге 
many limitations in practical design which cannot be 
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without undue risk in operating characteristics. 
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‘Many of these limits are not sharply defined in practise, due, in 


many cases, to the impossibility of taking advantage of all the 
helpful conditions and of avoiding the objectionable ones. There 
are many minor conditions which affect the permissible limits 
of operation, which are practically beyond the scope of reliable 
calculation. Usually, such conditions are recognized, and al- 
lowance is made for them. It is the purpose of this paper to 
treat of some of the major, as well as minor, conditions which 
must be taken into account in advanced direct-current design. 
These are so numerous, and are so interwoven, that it is difficult 
to present them in any consecutive order. 

Probably the most serious limitation encountered in direct- 
current electric machinery is that of commutation. "This is an 
electrical problem primarily, but in carrying any design of direct- 
current machine to the utmost, certain limitations are found 


which are, to a certain extent, dependent upon the physical 


characteristics of materials, constructions, etc. 

А second limitation which is usually considered as primarily 
an electrical one, namely, flashing, (and bucking) is in reality 
fixed as much by physical as by purely electrical conditions. 

А third limitation 1s found in blackening and burning of com- 
mutators, burning and honeycombing of brushes, etc. These 


‘actions are, to a certain extent, electrical, but are partly physical 


and mechanical, as distinguished from purely electrical. 

There are many other limiting conditions dependent upon 
speed, voltage, output per pole, quality or kind of materials 
used, etc. Аз indicated before, these cannot all be treated 
separately and individually, as they are too closely related to 
other characteristics and limitations. 


COMMUTATION AND COMMUTATION LIMITS 

In dealing with the limits of commutation, it is unnecessary 
to go into the theory of commutation, except to indicate the 
general idea upon which the following treatment is based. This 
has been given more fully elsewhere,* and therefore the following 
brief treatment will probably be sufficient for all that is required 
in this paper. 

In this theory it is considered that the armature winding as a 
whole tends to set up a magnetic field when carrying current, 
and that the armature conductors cutting this magnetic field 


*A Theory of Commutation and Its Application to Interpolar Machines 
by B. G. Lamme, A. I. E. E. October, 1911. 


1915] LAMME: COMMUTATION 1561 


wil generate e.m.fs. just as when cutting anv magnetic ficld. 
From consideration of the armature magnetomotive force alone, 
the flux or field set up by this winding would have a maximum 
value over thosc armature conductors which are connected to 
the brushes. If the magnetic conditions or paths surrounding 
the armature were equally good at all points, this would be truc. 
However, with the usual interpolar spaces in direct-current 
machines, the magnetic paths above the commutated coils are 
usually of higher reluctance than elsewhere. However, what- 
ever the magnetic conditions, the tendency of the armature 
magnetomotive force is to establish magnetic fluxes, and, if 
any field is established in the commutating zone by the armature 
winding, then those armature coils cutting this field will have 
e.m.fs. generated in them proportional to the field which is cut. 
As part of this armature flux is across the armature slots them- 
selves, and part is around the end windings, both of which are 
practically unaffected by the magnetic path in the interpolar 
space above referred to, obviously, then no matter how poor the 
magnetic paths in the interpolar space above the core may be 
made, there will always Бе e.m.fs. generated on account of that 
part of the armature flux which is not affected by those paths. 
Iu the coils short circuited by the brushes, these e.m.fs. will 
naturally tend to set up local or short circuit currents during the 
interval of short circuit. 

In good commutation, as the commutator bars connected to 
the two ends of an armature coil which is carrying current in a 
given direction, pass under the brush, the current in the coil 
itself should die down at practically a uniform rate, to zero value 
at a point corresponding to the middle of the brush, and it should 
then increase at a uniform rate to its normal value in the opposite 
direction by the time that the short circuit is opened as the coil 
passes from under the brush. This may be considered as the 
ideal or straight line reversal or commutation which, however, 
is only approximated in actual practice. This gives uniform 
current distribution over the brush face. 

If no corrective actions are present, then the coil while under 
the brush tends to carry current in the same direction as before 
its terminals were short circuited. In addition, the short circuit 
current in the coil, due to cutting the armature flux, tends to add 
to the normal or work current before reversal occurs. The 
resultant current in the coil is thus not only continued in the 
same direction as before, but tends to have an increased value. 
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Thus the conditions at the moment that the coil passes out from 
under the short circuiting brush are much worse than if no short 
circuit current were generated. The reversal of the current 
would thus be almost instantaneous instead of being gradual as 
called for by the ideal commutation, and the resultant current 
reversed much greater than the work current alone. However, 
the introduction of resistance into the local circuit will greatly 
assist in the reversal as will be illustrated later. The ideal condi- 
tion however, is obtained by the introduction of an opposing 
e.m.f. into the local short circuited path, thus neutralizing the 
tendency of the work current to continue in its former direction. 

As this opposing e.m.f. must be in the reverse direction to 
the short circuit e.m.f. which would set up by cutting the arma- 
ture magnetic field, 1t follows that where commutation 1s accomp- 
lished by means of such an c.m.f. it 1$ necessary to provide a 
magnetic ficld opposite in direction to the armature field for 
setting up the commutating current. This may be obtained in 
various ways, such as shifting the brushes forward (or backward) 
until the commutated coil comes under an external field of the 
right direction and value, which is the usual practise in non- 
commutating pole machines; or a special commutating field of 
the right direction and value may be provided, this being the 
practise in commutating pole and in some types of compensated 
field machines. When the commutating e.m.f. 15 obtained by 
shifting the commutated coil under the main field, only average 
conditions may be obtained for different loads; whereas, with 
suitable commutating poles or compensating windings, sufh- 
ciently correct commutating e.m.fs. can be obtained over a 
very wide range of operation. 

In practise, it is difficult to obtain magnetic conditions such 
that an ideal neutralizing e.m.f. 16 generated. However, the use 
of a relatively high resistance in the short circuited path of the 
commutated coil very greatly simplifics the problem. If the 
resistance of the coil itself were the only limit, then a relatively 
low magnetic field cut by the short circuited coil would generate 
sufficient e.m.f. to circulate an excessively large local current. 
Since such current might be from 10 to 50 times as great as the 
normal work current, depending upon the size of machine, it 
would necessarily add enormously to the difficulties of commuta- 
tion whether it is in the same direction as the work current or 1s 
in opposition. To illustrate the effect of resistance, assume, for 
example, a short circuit e.m.f. in the commutated coil of two 
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volts, and also assume that а copper brush of negligible resist- 
ance short circuits the coil, so that the resistance of the short 
circuited coil itself practically limits the current to a value 20 
times as large as the work current. Now replace this copper 
brush with one giving about 20 times as large a resistance (some 
form of graphite or carbon brush) then the total resistance in 
circuit is such that the short circuit current is cut down to a 
value about equal to that of the work current. This at once 
gives a much easier condition of commutation, even without any 
reversing field; while with such field, it is evident that extreme 
accuracy in proportioning is not necessary. Thus a relatively 
high resistance brush—or brush contact, rather—is of very great 
help in commutation; especially so in large capacity machines 
where the coil resistance is necessarily very low. In very small 
machines, the resistance of the individual armature coils has 
quite an influence in limiting the short circuit current. 

It is in its high contact resistance that the carbon brush is 
such an important factor in the commutating machine. Usually, 


it is the resistance of the brush that is referred to as an important. 


factor in assisting commutation. In reality, it is the resistance 
of the contact between the brush and commutator face which 
must be considcred, and not that of the brush itself, which usually 
is of very much lower resistance, relatively. As this contact re- 
sistance or drop will be referred to very frequently in the fol- 
lowing, and as the brush resistance itself will be considered 
in but a few instances, the terms “ brush resistance " and 
“ brush drop " will mean contact resistance and contact drop 
respectively, unless otherwise specified. 

Short Circuit Volts per Commutator Bar. Аз stated before 
the armature short circuit e.m.f. per coil, or per commutator 
bar, is due to cutting a number of different magnetic fluxes, such 
as those of the end windings, those of the armature slots, and 
those over the armature core adjacent to the commutating zone. 
Each of these fluxes represent different conditions and distri- 
butions, and therefore the individual e.m.fs. generated by them 
may not be coincident in time phase. Therefore, the resultant 
e.m.f. usually may not be represented by any simple graphical 
or mathematical expression. 

When an external flux or field is superimposed on the armature 
in the commutating zone, it may be considered as setting up an 
additional e.m.f. which may be added to, or subtracted from, 
the resultant short circuit c.m.f. due to the armature fluxes. 
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These component c.m.fs. are not really generated separately 
in the armature coils, for the external flux combines with part 
of the armature flux, so that the armature coil simply generates 
an e.m.f. due to the resultant flux. However, as part of the 
armature short circuit e.m.f. 1s generated by fluxes which do not 
combine with any external flux, as in the end winding, for in- 
stance, it follows that, to a certain extent, separate e.m.fs. are 
actually generated in the armature winding in different parts of 
the coil. For purposes of analvsis, there are advantages in 
considering that all the e.m.fs. in the short circuited armature 
coil are generated separately by the various fluxes. А better 
quantitative idea of the actions which are taking place is thus 
obtained, and the permissible limitations are more easily seen. 
In the following treatment, these component e.m.fs. will be 
considered separately. As that component, due to cutting the 
various armature fluxes, will be referred to very frequently 
hereafter, it will be called the “ apparent " armature short 
circuit e.m.f. per coil, or in abbreviated form, “ the apparent 
short circuit e.m.f." In practise, on account of the complexity 
of the separate elements which make up the apparent short 
circuit e.m.f., it is very difficult, or in many cases, impossible, 
to entirely neutralize or balance it at all instants by means of an 
e.m.f. generated by an extraneous field or flux of a definite distri- 
bution. Therefore, it should be borne in mind that, in practise, 
only an approximate or average balance between the two com- 
ponent e.m.fs. is possible. With such average balance there are 
liable to be all sorts of minor pulsations in e.m.f. which tend to 
produce local currents and which must be taken care of by means 
of the brush resistance. Pulsations or variations in either of the 
component e.m.fs. are due to various minor causes, such as the 
varying magnetic conditions which result from a rotating open 
slot armature, from cross magnetizing and other distorting effects 
under the commutating poles, variations in air-gap reluctance 
under the commutating poles, pulsations in the main field reluc- 
tance causing development of secondary e.m.fs. in the short 
circuited coils, etc. Some of these conditions are liable to be 
present in every machine; some which would otherwise tend to 
give favorable conditions as regards commutation, are partic- 
ularly liable to set up minor pulsations іп the short circuit e.m f. 
Therefore, brushes of high enough resistance to take care of the 
short circuit e.m.f. pulsations are a requisite of the present types 
of d-c. machines, and it may be assumed that there is but little 
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prospect of so improving the conditions in general that relatively 
high resistance brushes, or their equivalent, may be discarded. 
It is only on very special types of machines that low resistance 
brushes can be used. 

With ideal or perfect commutation, the two component e.m.fs. 
in the short circuited coil should balance each other at all times. 
However, as stated before, this condition 1$ never actually ob- 
tained, and the brush resistance must do the rest. With ideal 
commutation, the current distribution over the brush contact 
face should be practically uniform, and a series of voltage read- 
ings between the brush tip and commutator face should show 
uniform drops over the whole brush face. In most cases in 
practise however, such voltage readings will be only averages. 
For example, instead of a contact drop of one volt at a given 
point, the actual voltage may be varying from zero to two volts, 
or possibly from minus: one volt to plus three volts. These 
pulsating e.m.fs. wil result in high frequency local currents, 
which have only a harmful influence on the commutation and 
commutator and brushes. These pulsations may be assumed 
to be roughly related in value to the apparent short circuit 
volts generated by the armature conductor. In other words, 
the higher the apparent short circuit volts per conductor, the 
larger these pulsations are liable to be. Аз the currents set up 
by these pulsations must be limited largely by the brush contact 
resistance, it is obvious that there is a limit to the pulsations 
in voltage, beyond which the current set up by them may be 
harmful. A very crude practise, and yet possibly, the only 
fairly safe one, has been to set an upper limit to the apparent 
short circuit volts per bar, this limit varying to some extent with 
the conditions of service, such as high peak loads of short dura- 
tion, overloads of considerable period, continuous operation, etc. 
Experience has shown that in commutating pole machines, the 
apparent short circuit voltages per turn may be as high as four 
to four-and-one-half volts, with usually but small evidence of 
local high frequency currents, as indicated by the condition of 
the brush face. If this polishes brightly, and the commutator 
face does not tend to ‘‘ smut,” then apparently the local currents 
are not excessive. However, in individual cases, the above 
limits have been very considerably exceeded in continuous opera- 
tion, while, in exceptional cases, even with apparently well 
proportioned commutating poles, there has been evidence of 
considerable local current at less than four volts per bar. 
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The contact drop between brush and commutator with the 
usual brushes is about 1 to 1.25 volts. As is well known, this 
drop is not directly proportional to the current, but increases 
only slowly with very considerable increases in current density 
at the brush contact. For instance, with 20 amperes per sq. 1n. 
ina given brush, the contact drop may be one volt; at 40 amperes 
per square inch, it may be 1.25 volts, while at 100 amperes per 
square inch, it may be 1.4 volts, and, with materially higher 
currents, it may increase but little further. This peculiar prop- 
erty of the brush contact 1s, in some ways, very much of a dis- 
advantage. For instance, if the local currents are to be limited 
to a comparatively low density, then necessarily the voltages 
generating such currents must be kept comparatively low. With 
the above brush contact characteristics, two volts would allow 
a local current of 20 amperes per square inch to flow, (there being 
one volt drop from brush to commutator and one volt back to 
thebrush). If,however, the local voltage 1s three volts instead 
of two, or only 50 per cent higher, then a local current of possibly: 
150 to 200 amperes per square inch mav flow, and this excessive 
current density may destroy the brush contact, as will be de- 
scribed later. 

It may be assumed in general that the lower the apparent short 
circuit voltage per armature conductor, the lower the pulsations 
in this voltage are liable to be. Assuming therefore, as a rough 
approximation a 50 per cent pulsation as liable to occur, then, 
from the standpoint of brush contact drop, the total apparent 
voltage of the commutated coil in continuous service machines 
should not be more than 4 to 43 volts, which accords prettv well 
with practise. For intermittent services, such as railway, 
materially higher voltages are not unusual. 

As the main advantage of the carbon brush 1$ that it determines 
or limits the amount of short circuit current, it might be ques- 
tioned whether such advantage might not be carried much fur- 
ther by using higher short circuit voltages and proportionately 
greater resistance. However, there are reasons why this cannot 
be done. The carbon brush is a resistance in the path of the 
local current, but Ц is also in the path of the work current. Аз 
the brush resistance is increased, the greater is the short circuit 
voltage which can be taken careof with a given limitin short circuit 
current, but at the same time, the loss due to the work current is 
increased. Decreasing the resistance of the brush contact т- 
creases the loss due to the short circuit current, but decreases 
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that due to the work current. Thus, in each individual case, 


there 1s some particular brush resistance which gives minimum , 


loss. However, this may not always be the resistance desired 
for best commutation, from the operating standpoint, but these 
two conditions of resistance appear to he fairly close together. 
Practise is a continual compromise on this question of brush con- 
tact resistance. In some machines, a low resistance brush is 
practicable, with consequent low loss due to work current. In 
other cases, which, to the layman, would appear to be exactly 
similar, higher resistance brushes give better average results. 
Thus one grade of carbon brush is not the most suitable for dif- 
ferent machines unless they have similar commutating condi- 
tions. However, it is impracticable to design all machines of 
different speeds, types, or capacities so that they will have equal 
commutating characteristics. In non-commutating pole ma- 
chines where only average commutating fluxes are obtainable, 
the resistance of the brush is usually of more importance than 
in the commutating pole type, for, in the latter, a means 1s pro- 
vided for controlling the value of the short circuit current. How- 
ever, advantage has been taken of this latter fact to such an 
extent in modern commutating pole machines, that the critical 
or best brush resistance has again become a very important 
condition of design and operation. 

“ Apparent” Short Circuit e.m.f. per Brash. The preceding 
considerations lead up to another limitation, namely, the total 
e.m.f. short circuited by the brush. This again may be considered 
as being made up of two components,—the apparent short 
circuit e.m.f. per bar times the average number of bars covered 
by the brush, hereafter called “ Тһе apparent short circuit 
e.m.f. per brush ”; and the e.m.f. per bar generated by the com- 
mutating field, times the average number of bars covered by 
the brush. : ; 

As has been shown, ordinary carbon brushes can short circuit 
2 to 25 volts without excessive local current. Obviously, if the 
resultant e.m.f. generated in all the coils short circuited by the 
brush,—that is, the resultant of the short circuit e.m.fs., due to 
both the armature and the commutating field is much larger 
than 23 volts, large local currents will flow. Therefore, іп a 
commutating pole machine, for instance, the strength of the 
commutating pole field should always be such that it also 
neutralizes the total short circuit e.m.f. across the brush within 
а limit represented by the brush contact drop, in order to keep 
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within the limits of permissible local currents. With very 


_low resistance brushes, the proportioning of the commutating 


field for neutralization of the apparent brush e.m.f. would 
have to be much closer than with higher resistance brushes. 
Moreover, not only should this e.m.f. generated by the com- 
mutating flux balance the total short circuit voltage across the 
brush within these prescribed limits, but these limits should 
not be exceeded anywhere under the brush. 

It might be assumed that if there is a pulsation of two volts 
per coil, for instance, then the total pulsation would be equal 
to this value times the average number of coils short circuited. 
However, this in general is not correct, as the e.m.f. pulsations 
for the different coils are not in phase, and their resultant may 
be but little larger than for a single coil. 

Based upon the foregoing considerations, the limiting values 
of the apparent brush e.m.f. may be approximated as follows: 
Assume ordinary carbon brushes with 1 to 1} volts drop with 
permissible current densities—that is, with 2 to 24 volts oppos- 
ing action as regards local currents. Also, assume, for example, 
an apparent brush short circuit e.m.f. of 5 volts, with brush 
resistance sufficient to take care of 2} volts. Then the total 
e.m.f. due to the commutating flux need not be closer than 50 
per cent of the theoretically correct value, with permissible 
local currents. This is a comparatively easy condition, for it 
is a relatively poor design of machine in which the commutating 
pole strength cannot be brought within 50 per cent of the right 
value. Assuming next, an apparent brush e.m.f. of 10 volts, 
then the commutating pole must be proportioned within 25 
per cent of the right value. In practise, this also appears to 
be feasible, without undue care and refinement in proportion- 
ing the commutating field. If this machine never carried any 
overload, this 25 per cent approximation would ‘represent a 
relatively сазу condition, for experience has shown that pro- 
portioning within 10 per cent is obtainable in some,cases, which 
should allow an apparent brush e.m.f. of 25 volts as a limit. 
However, experience al‘o shows that this latter is a compara- 
tively sensitive condition, which, while permissible on short 
peak loads, is not satisfactory for normal conditions. Where 
such close adjustment is necessarv to keep within the brush 
correcting limits, any rapid changes in load are liable to result 
in sensitive commutating conditions, for the commutating pole 
flux does not always rise and fall exactlv in time with the arma- 
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ture flux, and thus momentary unbalanced conditions of pos- 
sibly as high as 10 or 12 volts might occur with an apparent 
brush e.m.f. of 25 volts. Also, very slight saturation in the 
commutating pole magnetic circuit may have an unduly large 
influence on unbalancing the e.m.f. conditions. In other words, 
the apparent brush short circuit and neutralizing e.m.fs. must 
not be unduly high compared with the permissible corrective 
drop of the brushes. Experience shows that an apparent e.m.f. 
of 10 volts across the brush 1п well designed commutating pole 
machines is usually very satisfactory, while, in occasional cases, 
12 to 13 volts allow fair results on large machines, and, in rare 
cases, as high as 15 to 18 volts has been allowed on small ma- 
chines at normal rating. However, overloads, in some cases, 
limit this permissible apparent brush voltage. Ав а rule, 30 
volts across the brush on extreme overload is permissible, 
but, usually this is accompanied by some sparking, usually 
not of a very harmful nature if not of too long duration. Under 
such overload conditions, doubtless unbalancing of three volts 
Or more may be permissible, and thus, with 30 volts to be 
neutralized, this means about 90 per cent theoretically correct 
proportioning of the commutating pole flux. Cases have been 
noted where as high as 35 to 40 apparent brush volts have been 
corrected by the commutating pole on heavy overloads with 
practically no sparking. This, however, is an abnormally good 
result, and is not often possible of attainment. Obviously,with 
such high voltages to be corrected, any little discrepancies in 
the balancing action between the various e.m.fs. are liable to 
cause excessive local current flow. 

Incidentally, the above indicates pretty clearly why 4-с. 
generators are liable to flash viciously when dead short cir- 
cuited. The ordinary large capacity machine can give 20 to 
30 times rated full load current on short circuit. If this large 
current flows, then, neglecting saturation, the armature short 
circuit e.m.f. across the brush will be excessive. Assuming, 
for instance, a 10-volt limit for normal rating, then with only 
ten times full load current, the apparent short circuit e.m.f. 
would be 100 volts. The commutating pole, in the normal con- 
struction, does not have flux margin of 10 times before high 
saturation 1$ reached, and in consequence, it may neutralize 
only 50 to 60 volts of the 100. Therefore a resultant actual 
e.m.f. of possibly 40 volts must be taken care of by the brushes. 
This means an enormous short circuit current in addition to 
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the 10 times work current. Vaporization of the copper and 
brushes occurs and flashing results, as will be described more 
fully in the treatment of flashing limits. 

Brush contact drops of 1 to 1.5 volts have been assumed 
in the preceding, and certain limits in the apparent short cir- 
cuit c.m.f. based on these drops, have been discussed. How- 
ever, the conditions may be modified to a considerable extent 
by effects of temperature upon the brush contact resistance. 
Usually it has been assumed that the well known decrease т 
contact resistance of carbon and graphite brushes with increase 
in temperature, is in some wavs related to the negative tem- 
perature coefficient of carbon and graphite. Тһе writer has 
been among those who advanced this idea, but later experience, 
based upon tests, has shown that the reduced drop with increase 
in temperature does not necessarily hold any relation to the 
negative temperature coefficient of the carbon brush itself, for 
similar changes in the contact drop have been found with ma- 
terials, other than carbon, which actually had, in themselves, 
positive temperature coefficients. .Moreover, in some tests, 
the changes in contact resistance with increase in temperature 
have proved to be much greater in proportion than occurs 
in the carbons themselves. In some cases, the measured drops 
with temperature increases of less than 100 deg. cent. decreased 
to one-half or one-third of the drops measured cold. 

Obviously, these decreased contact resistances or drops may 
have a very considerable effect on the amount of local current 
which can flow and, therefore, in such case the foregoing general 
deductions, should be modified accordingly. However, the 
results are so affected by the oxidation of the copper commutator 
face, and other conditions also more or less dependent upon 
temperature, that, as vet, no definite statement can be made 
regarding the practical effects of increase in temperature except 
the general one that the resistance is usually lowered to a con- 
siderable extent. Apparently, oxidation of the copper face 
tends toward higher contact resistance. Ofttimes, ''sanding 
off " the glaze tends to give poorer commutation. The above 
points to one explanation of this. 

Assuming any desired limits for the apparent e.m.fs., such as 
4 to 4$ volts per commutator bar, it is possible to approximate 
by calculation the limiting capacities of generators or motors in 
terms of speed, etc. Appendix I shows one method of doing 
this. Inthe writer's experience, a number of machines have been 
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carried up to about the limits derived in the appendix, and the 


practical results were in fair accord with the calculations. In 


general, if may be said that in large machines, the upper limits 
of capacity in terms of speed, etc. are so high that they do not 
indicate any great handicap on future practise. 

In the foregoing, the limits for the apparent short circuit e.m.f. 
per bar and per brush have been based upon the brush contact 
resistance. However, it may be suggested that something other 
than the brush contact resistance might be used for limiting the 
local current, and thus the commutating limits might be raised. 
For instance, an armature winding could be completely closed on 
itself, with high resistance leads carried from the winding to the 
commutator bars. Each of such leads 
would be in circuit only where the 
brushes touched the commutator 
bars. Thus there could be very con- 
siderable resistance in each lead with- 
out greatly increasing the total losses; 
and, unlike the brushes, each lead 
would be in circuit only for a very 
small proportion of the time. 

About 10 years ago, the writer de- 
signed a non-commutating pole 4-с. 
turbo-generator with such resistance 


and the commutator. The leads were 
placed in the armature slots below the 
main armature winding. The idea was 
to have enough resistance in circuit 
with the short circuited coils that the brushes at no load could be 
thrown well forward into a field flux sufficient to produce good 
commutation at heavy load, even if very low resistance brushes 
were used. Tests of this machine showed that the non-sparking 
range, with the brushes shifted either forward or back of the 
neutral point was very much greater than in an ordinary machine. 
In this case, it developed that the leads were of too high resistance 
for practical purposes, as the armature ran too hot, the heat-dis- 
sipating conditions in a small d-c. turbo-armature not being any 
too good at best. These tests however, indicate one possibility 
in the way of increasing the present limits of voltage per bar and 
volts across the brush. Moreover, such resistances can have а 
positive temperature coefficient of resistance, instead of the 
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negative one of the carbon brushes and contacts. Also, the 
corrective action in limiting local currents would vary directly 
with the current over any range, and not reach a limit, as in саг- 
bon brushes. 

Considerable experience with resistance leads in d-c. operation 
has also been obtained in large a-c. commutator type railway 
motors, designed for operation on both a-c. and d-c. circuits. 
Apparently these leads have a very appreciable balancing action 
as regards division of current between brush arms in parallel. 
With but few brushes per arm, it appears that very high current 
densities in the brushes can be used without undue glowing or 
honeycombing. Presumably the reduction in short circuit 
current, when operating on d-c., also has much to do with this. 
Some special tests were made along this line, and it was found that 
a very low resistance in the leads, compared with that which was 
best for a-c. operation, was sufficient to exert quite a decided 
balancing between the brush arms. 

With properly proportioned resistance leads it should be pos- 
sible to use verv low resistance brushes, and relatively high 
current densities. Advantage of this might be taken in various 
ways. There may prove to be serious mechanical objections to 
such arrangements. However, if the objections are not too 
serious, the use of resistance leads in this manner may be prac- 
tised at some future time as we approach more extreme designs. 


FLASHING 

One of the limits in commutating machinery is flashing. This 
may.be of several kinds. There may be a large arc or flash 
from the front edge of the brush, which may increase in volume 
until it becomes a flash-over to some other part of the machine. 
Again, a flash may originate betwcen two adjacent bars at some 
point between the brush arms, and may not extend further, or 
it may grow into a general flashover. Different kinds of flashes 
may arise from radically different causes, some of which may be 
normally present in the machine, while others may be of an 
accidental nature. 

Whatever the initial cause, the flash itself means vaporized 
conducting material. If the heat developed by or in this vapor 
arc is sufficient to vaporize more conducting material—that is, 
generate more conducting vapor—then the arc or flash will grow 
or continue. Thus, true flashing should be associated with 
vaporization, and, in many cases, in order to get at the initial 
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cause of flashing, it is only necessary to find the initial cause of 
vaporization. 

Arcs Between Adjacent Commutator Bars. This being one of 
the easiest conditions to analyze, it will be treated first, especially 
as certain flashing conditions are dependent upon this. 

A not uncommon condition on commutators in operation is 
a belt of incandescent material around the commutator, usually 
known as ‘‘ring fire." This is really incandescent material 
between adjacent bars, such as carbon or graphite, scraped off 
the brush faces usually by the mica between bars. As the mica 
tends to stand slightly above the copper, due to less rapid “wear,” 
its natural action is to scrape carbon particles off the brush. 
These particles are conducting and if there is sufficient voltage, 
and current to bring them up to incandescence, this shows as a 
streak of fire around the commutator. In many cases, by its 
different intensities around the commutator, this ring fire shows 
plainly the density of the field flux, or e.m.f. distribution around 
the machine. It is practically zero in the commutating or 
neutral zone, and shows plainly under the main field. In loaded 
machines, this often indicates roughly the flux distortion. In 
machines which act alternately as motors and generators, as in 
reversing mill work, the point of highest incandescence shifts 
forward or backward over the commutator, depending upon the 
direction of field distortion. 

In undercut commutators (those with mica cut below the cop- 
per surface) this ring fire is also observable at times, due to con- 
ducting particles in the slots between bars. Usually such 
particles consist of carbon or graphite, as already stated, but 
particles of copper may also be present. Also, oil or grease, mixed 
with carbon, will carbonize under incandescence, and will thus 
add to the ring fire. Often when a commutator is rubbed with 
an oiled cloth or wiper, ring fire will show very plainly, and then 
gradually die down. The burning oil exaggerates the action, 
and also, the oil itself may enable a conducting coating to adhere 
to the mica edges, thus starting the action, which disappears 
when the oil film is burned away. However, when the oil can 
penetrate the mica, the incandescence may continue in spots and 
at intervals, the mica being calcined or burned away so that it 
gradually disppears in spots. This is the action usually called 
" pitting ", which experience has shown to be almost invariably 
caused by conducting material in the mica, such as carbonized 
oil, carbonized binding material, copper and carbon particles 
which have been carried in with the oil, etc. 
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This ring fire is not always a direct function of the voltage 
between bars, although, under exactly equivalent conditions of 
speed, grade of brushes, etc., it is closely allied with voltage condi- 
tions. In high voltage machines, usually hard high-resistance 
brushes are used, which tend to give off the least carbon in the 
form of particles; while in low voltage machines, soft, low-re- 
sistance brushes, with a good percentage of graphite in them, are 
common, and these naturally tend to coat the mica to a greater 
extent. 

Under extreme conditions, this ring fire may become so intense 
locally that there is an actual arc formed between two adjacent 
bars, due to vaporization of the copper. This may show in the 
form of minute copper beads at the edge of the bar, or minute 
“ pits " or '' pockets " may be burned in the copper next to the 
mica. In extreme cases, where the voltage between bars is 
sufficient to maintain an arc, conical shaped 
cavities or holes may be burned in the | | | | | | | 
copper. In such cases, the arc 1s usually 
explosive, resembling somewhat a small 
" buck-over." Ап examination of the com- 
mutator will show melted-out places, as іп 
Fig. 2. Part of the missing copper has 
been vaporized by the arc, while part may 
have become so softened or fused that 1t 1s 
thrown off by centrifugal force. Ехрег- 
ience shows that sometimes these explosives 
arcs grow into general flashes, while at other times, thev are 
purely local. 

Ап extended study was made of such arcs to determine the 
conditions which produced them. Also, numerous tests were 
made, the results of which are given below. 

It was determined first that these explosives arcs between 
adjacent bars were dependent, in practically all cases, upon a 
fairly high voltage between bars. This was reasonable to expect, 
but it was found that the voltage between bars which would 
produce arcs in one case, would not do so іп another. Apparently 
there were other limiting or controlling conditions. It developed 
that the resistance of the armature winding between two adja- 
cent bars has much to do with the arc. Apparently an excessive 
current is necessary to melt a small chunk out of a mass of good 
heat-conducting material like a large copper commutator; and 
also, a certain amount of time is required to bring it up to the 
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melting point. Therefore, both time and current are involved, 
as well as voltage. А series of tests was made to determine some 
of the limiting conditions. 

The commutator of a small machine (about 20 kw., high speed) 
was sprinkled with iron filings, fine dust, etc. during several 
days’ operation under various conditions of load, field distortion, 
etc. Such dust, whether conducting or not, apparently would not 
cause arcing between bars. Graphite was finally applied with a 
special ‘‘ wiper,” and with this, small arcs or flashes could be 
produced at 50 to 60 volts maximum between commutator bars. 
_ It soon became evident that this was too small a machine from 
whichtodraw conclusions. Thennumerous other much larger gen- 
eratorsweretested. А slow-speed enginety pe generator of 200-kw. 
capacity at 250 volts, was speeded up to about double speed, 
in order to obtain sufficiently high e.m.f. between commutator 
bars. With a clean commutator nothing was obtained at 40 
volts maximum per bar. The commutator was then wiped with 
a piece of oily waste which had been used to wipe off other com- 
mutators. Arcs then occurred repeatedly between commutator 
bars, although all such arcs were confined to adjacent bars and 
there were no actual flashovers from brush holder to brush holder. 
Moreover, the arcs always appeared to start about midway 
between brush arms or neutral points, and lasted only until the 
next neutral point was reached. Quite large pits or cavities 
were burned in the bars next to the mica, as shown in Fig. 2. 
some of these being possibly } inch in width, and 1/16 inch deep 
or more at the center. This indicated excessively large currents. 
These arcs would develop at about 32 to 34 volts between bars, 
and they were very vicious (explosive) above 35 volts. 

Still larger machines were tested with various speeds, voltage 
between bars, etc. It was found that, as a rule, the larger the 
machine—or rather, the lower the resistance of the armature 
winding per bar—the lower would be the voltage at which serious 
arcing would develop. Іп these tests, it was found that graphite 
mixed with grease gave the most sensitive arcing conditions. 

In these various tests, no arcing between bars was developed 
in any case at less than 28 volts maximum, while 30 volts was 
approximately the limit оп many machines. However, the 
results varied with the speed. Apparently it took a certain time 
to raise the incandescent material to the arcing point and to build 
up a big arc. Therefore, the duration of the possible arcing 
period appeared to be involved. If this were so, then a higher 
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voltage limit for a shorter time should be possible with the same 
arcing tendency. Also, if this were the case, then with 30 volts 
maximum, for instance, between commutator bars with an un- 
distorted field flux, the arcing should be the same as with a some- 
what higher voltage with a highly distorted narrow peaked field. 
In other words, the limiting voltage between bars on a loaded 
machine might be somewhat higher than on an unloaded machine. 
This was actually found to be the case, the difference being from 
10 per cent to 15 per cent in several instances. This, however, 
depended upon various limiting conditions such as the actual 
period within which the arc could build up to a destructive 
point, etc. 

One very interesting case developed which apparently illus- 
trated very beautifully the effects of lengthening or shorten- 
ing the period during which the arc could occur. A high-speed, 
600-volt generator of a motor-generator set was speeded up 
about 60 per cent above normal. Even at normal speed this 
was a rather high-frequency machine, so that the period of 
time for a commutator bar to pass from neutral point to neutral 
point was very short. At the highest speed the graphite-grease 
was used liberally on the commutator, but without causing arc- 
ing, even when the voltage was raised considerably higher 
than usually required for producing arcs between bars in other 
machines of similar size. Neither was there much ring-fire 
at the highest speed with normal voltage. Finally, after an 
application of graphite, without forming arcs or unusual ring- 
fire, the speed was reduced gradually with normal voltage 
maintained. The ring-fire increased with decrease in speed, until 
at about normal speed, it was so excessive that the on-lookers 
expected an explosion of some sort. However, the voltage 
was now below the normal arcing point and nothing happened. 
At still lower speed, but with reduced voltage on account of 
saturation, the ring-fire gradually decreased. Apparently at 
the very high speeds, the time was too short for the ring-fire to 
reach its maximum; while with reduction in speed, even with 
somewhat reduced voltage, the ring-fire increased to a maxi- 
mum and then decreased. This test was continued sufficiently 
to be sure that it was not an accidental case. Only a certain 
combination of speed, frequency, voltage, etc. could develop 
this peculiar condition, and it was purely by accident that 
this combination was obtained, for the result was not foreseen 
in selecting the particular machine used. 
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А summation of these and other tests led to the conclusion 
that there were pretty definite limits to the maximum volts 
per bar, beyond which it was not safe to go. These limits 
however, involved such a number of conditions that no fixed 
rule could be established, and apparently, the designer has 
to use his judgment and experience to a certain extent, if he 
works very close to the limits. The grades and materials of 
the brushes, the thickness of the mica, flux distortion from over- 
loads, etc. must be taken into account. For instance, the above 
tests were made on machines with 1/32-inch mica between bars. 
This thickness is fixed, to a great extent, in non-undercut 
commutators, by conditions of mica wear, as will be referred 
to later. But with undercut commutators, thicker mica can 
be used, and, while the gain in permissible safe voltage between 
bars is not at all in proportion to the mica thickness, yet it is 
enough to deserve consideration. 

The general conclusions were that with 1/32-inch mica, 
large current machines would very rarely flash with 28 volts 
maximum between bars; while with moderate capacities, 30 
volts is about the lower limit; and with still smaller machines, 
100 kw. for example, this might be as high as 33 to 35 volts, 
the limit rising to 50 or 60 volts with very small machines. 

Of course, the brush conditions have something to do with 
the above limits, and many exceptions to these figures will be 
found in actual practise. Many machines are in daily service 
which are subject to more or less ring-fire, but which have never 
developed trouble of any sort, and doubtless never wil. Ap- 
parently, ring-fire in itself is not harmful, аз а rule. It is only 
where it starts some other trouble that it may be considered as 
actually objectionable. - 

The above limiting figures are interesting when compared 
with the voltages necessary to establish arcs in general. Ап 
alternating arc through air will not usually maintain itself at 
less than some limiting voltage such as 20 to 25 volts, corres- 
ponding to peak values of 28 to 35 volts. Moreover, an arc 
formed between the edges of two insulated bodies, such as ad- 
jacent commutator bars, will naturally tend to rupture itself 
due to the shape of its path. Furthermore, the resistance and 
_ reactance of the short circuited path, while comparatively low 
in large machines, will tend to limit the voltage which main- 
tains the arc. In small machines with relatively high internal 
drops in the short circuited coils, the current will not reach a 
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commutator vaporizing value unless the initial voltage between 
bars 15 comparatively high, and usually the explosive actions 
are relatively small, and, in many cases, no serious arcs will 
develop at all. Obviously, the less the local current can in- 
crease in the case of short circuits between adjacent bars, the 
higher the voltage between bars can be, without danger. In 
machines having inherent constant current characteristics, very 
high voltages between adjacent commutator bars are possible 
without serious flashing or burning. In consequence, from the 
flashing standpoint, constant current machines can be built for 
enormously high terminal voltages, compared with constant 
potential machines. This is a point which is very commonly 
overlooked in discussing high-voltage d-c. machines. 

Coming back to the subject of arcs between commutator 
bars, these are more common than 1$ usually supposed, for, 
in many cases, the operating conditions are such that these 
arcs, if very small, or limited, will show no visible evidence. 
Only very minute particles of copper may be vaporized. How- 
ever, these minute arcs may sometimes lead directly to more 
serious flashing. If, for instance, they occur in proximity to 
some live part of the machine, such as an over-hanging brush 
holder which is at a considerable difference of potential from 
the arcing part of the commutator, the conducting vapor may 
bridge across and start a big arc or flash. In one instance, 
which the writer has in mind, a very serious case of trouble 
occurred in this way. This was a very large capacity 250- 
volt, low-speed, generator, in which the maximum volts per 
bar were not unduly high. When taking the saturation curve 
in the shop test, this machine “ bucked” viciously several 
times, apparently without reason. An investigation of the 
burning indicated a possible source of trouble. The brush 


‚ holder arms or supports to which the individual holders were 
attached, were located over the commutator about midway 


between neutral points, and, about one inch from the com- 
mutator face. This was not the normal position of the brush 
arms, as a temporary set of holders was being used for this test. 
It was noted that just before the flashovers occurred, con- 
siderable ring-fire developed. The conclusion was drawn from 
all the evidence that could be obtai.ed, that a small arc had 
formed between bars that had reached to the brush arms, thus 
short circuiting a high enough voltage to draw a real flash. 
This happened not once but several times. The proper holders 
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were then applied, which put the brush arms in a much less 
exposed position, and not a single flashover occurred in all the 
subsequent tests and operation. In another case, a large syn- 
chronous converter carrying full load on shop test flashed over 
a number of times, apparently without sufficient cause. The 
commutation was perfect, as evidenced by the fact that there 
was no perceptible sparking. The maximum voltage between 
bars was comparatively low. At first the flashovers were 
blamed on drops of water from the roof of the building, but 
this theory was soon disproved. An examination of the brush 
holders showed that certain live parts, fairly close to the com- 
mutator, were at a considerable difference of potential from the 
nearest part of the commutator. There was but little ring- 
fire on the commutator, and therefore, minute arcs at first were 
not blamed for the trouble. A modified brush holder was tried 
however, with a view to decreasing the high difference of poten- 
tial between the live parts. All flashing then disappeared and 
no trouble of this sort was ever encountered in a large number 
of duplicate machines brought through afterwards. Both the 
above cases should be considered as abnormal, and they have 
been selected simply as examples of what small arcs between 
bars may do. These two cases do not in themselves constitute 
a proof of this action, but thev serve to verify other evidences 
which have been obtained. | | 

In view of the fact that small arcs of а non-explosive sort 
may form at voltages considerably lower than the limits given 
in the preceding part of this paper, it should be considered 
- whether such small arcs can cause any trouble if no other live 
parts of the machine are in close proximity. One case should 
be considered, namely, that of other commutator bars adjacent 
to the arc. When conducting vapor is formed by the first 
minute arc, this vapor in spreading out may bridge across a 
number of commutator bars having a much higher total differ- 
ence of potential across them than that which caused the initial 
arc. Assume, for instance, a very crowded design of high- 
voltage commutator. In some cases, in order to use high rota- 
tive speeds, without unduly high commutator peripheral speed, 
the commutator bars are sometimes made very thin and the 
volts per bar very high, possibly up almost to the limit. As- 
suming a thickness of bar and mica of 0.2 inch (or 5 bars per 
inch) and a maximum volts per bar of 25, then there is an e.m f. 
of 125 volts per inch circumference of the commutator. In such 
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case, а small arc between two bars may result in bridging across 
a comparatively high voltage through the resulting copper 
vapor. Therefore, when considering the possible harmful effects 
of minute arcs, the volts per inch circumference of the commuta- 
tor should be taken into consideration. The writer observed 
one high-voltage commutator which flashed viciously at times, 
apparently without “ provocation.” The only explanation he 
could find was that the vapor from little arcs resulting from 
ringfire was sufficient to spread all over the commutator, the 
bars being very thin and the voltage per bar very high. How- 
ever, difficulties from this cause have not yet become serious, 
probably because no one has yet carried such constructions to 
the extreme, in practical work. 

High voltage between commutator bars may result 1n flash- 
ing due to other than normal operating conditions. Excessive 
overloads may give such high voltages per armature coil or per 
commutator bar, immediately under the brush, that the terrific 
current rush will develop conducting vapors under the brush, 
which appear immediately in front of the brushes, as such vapors 
naturally are carried forward by rotation of the commutator. 
This short circuit condition under the brush has already been 
referred to when treating of commutation limits. It was shown 
then that an inherent short circuit voltage of 4 to 43 volts is 
permissible in good practise. Immediately under the com- 
mutating pole this voltage is practically neutralized by the 
commutating pole field, but 1mmediately ahead or behind the 
pole it is not neutralized usually, except to the extent of the 
commutating pole flux fringe. "Thus, the resultant voltage 
between two bars a little distance ahead of the brush, is liable 
to be considerably higher than under the brush. Assuming, 
for instance, 35 volts per bar, due to cutting the resultant field 
just ahead of the brush, then with 10 times full load current, 
for example, there would be 35 volts between bars, and this is 
liable to be accompanied by highly conducting vapor formed 
by the excessive current at the brush contact, this vapor being 
carried forward by rotation of the commutator. Неге are the 
conditions for a flash, which тау or тау not bridge across to 
some other live part. If the current rush is not too great, this 
flash will usually appear only as a momentary blaze just in 
front of the brush. In many cases, if this blaze or heavy arc 
were not allowed to come in contact with, or bridge between, 
any parts having high difference of potential, it would not be 
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particularly harmful. In case of “ dead short circuiting" of 
large moderately high-voltage machines where the current can 
rise to 25 or 30 times normal, it is astonishing how large such 
arcs or flashes may become, and to what distances they will 
reach. The arc will sometimes go in unanticipated directions. 
The conducting vapor may be deflected by magnetic action 
and by air drafts. Shields or partitions will sometimes pro- 
duce unexpected results, not necessarily beneficial. Unless 
such shields actually touch the commutator face so that con- 
ducting vapor cannot pass underneath them, the vapor that 
does pass underneath may produce just as harmful results as 
if the shields were not used. Trying to suppress such arcs by 
covers or shields is very much the case of’ damming a river at 
the wrong end in order to prevent high water. 

From the preceding considerations it would appear that a 
compensated direct-current machine should have some ad- 
vantages over the straight commutating-pole type in case of a 
severe short circuit. With the lesser saturation in the com- 
mutating pole circuit due to the lower leakage, the apparent 
armature short circuit e.m.f. will usually be better neutralized 
under extreme load conditions, and thus there will be lower 
local currents in the brush contacts. In addition, the armature 
flux will be practically as well neutralized behind and ahead 
of the brush, as it is under the brush, so that, with ten times 
current as in the former example, there may be only a low 
e.m.f. per bar ahead of the brush, instead of the 35 volts for 
the former case. Obviously, the initial flashing cause, and the 
tendency to continue it ahead of the brush, will be materially 
reduced. The compensating winding is therefore particularly 
advantageous in very high voltage generators, in which the 
bars are usually very thin and the maximum volts per bar are 
high. 

There is a prevailing opinion that when a circuit breaker 
opens on a very heavy overload or a short circuit, flashing is 
liable to follow from such interruption of the current. In some 
cases, this may be true. However, when a breaker opens on 
a short circuit, it is difficult for the observer to say whether both 
the opening of the breaker and the flash are due to the excessive 
momentary current, or one is consequent to the other. The 
short circuit, if severe, will most certainly cause more or less 
of a flash at the brush contacts by the time the breaker is opened, 
and if this flash is carried around the commutator, or bridges 
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across two points of widely different potentials, then it is liable 
to continue after the breaker opens, and thus gives the im- 
pression that the flashing followed the interruption of the cir- 
cuit. In railway and in mine work in particular, a great many 
flashes which are credited to overloads are primarily caused by 
partial short circuits on the system, or “ arcing shorts," which 
are extinguished as soon as the main breakers are opened, so 
that but little or no evidence of any short circuit remains. 
Such a partial short circuit however, may be sufficient to open 
the generator circuit and to cause a flash at the same time. 
Not infrequently, such flashes are simply credited to opening 
of the breakers. 

There are other conditions, however, where a flash is liable 
to result directly from opening the breaker on heavy overload. 
If, as referred to before, the apparent short circuit e.m.f. per 
brush on heavy overload is from 25 to 35 volts, then if the 
armature magnetomotive force could be interrupted suddenly, 
with a correspondingly rapid reduction in the armature flux, 
while the commutating field flux does not die down at an equally 
rapid rate, then momentarily, there will be an actual short 
circuit voltage of a considerable amount under the brushes 
which тау be sufficient to circulate large enough local currents 
to start flashing. With commutating pole machines, this con- 
dition may result from the use of solid poles and solid field 
yokes. Laminated commutating poles are sometimes very much 
of an improvement. However, the vokes of practically all 
direct current machines are of solid material, and thus tend to 
give sluggishness in flux changes. The above explains why non- 
inductive shunts, or any closed circuits whatever, are usually 
objectionable on commutating poles or their windings. 

In non-commutating pole machines, where the brushes are 
liable to be shifted under the main field magnetic fringe т 
order to commutate heavy loads, flashing sometimes results. 
when such heavy overload is interrupted. 

Also, if the rupture of the current is very sudden, there will 
be an inductive “ kick” from the collapse of the armature 
magnetic field. This rise in voltage sometimes is sufficient tO 
start a flash, especially in those cases where flashing limits are 
already almost reached. 

In synchronous converters, the conditions are materially 
different from d-c. generators as regards flashing when the 
load is suddenly broken. In such machines, the flash is liable 
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to follow the opening of the breaker, if simply a heavy оуег- 
load is interrupted. This is possibly more pronounced in the 
commutating pole machine than in the non-commutating pole 
type. In a commutating pole converter, the commutating 
pole magnetomotive force is considerably larger than the re- 
sultant armature magnetomotive force, under normal opera- 
ting conditions, but is much smaller than the armature magneto- 
motive force considered as a straight d-c. or a-c. machine. 
Normally the commutating pole establishes a commutating 
field or flux in the proper direction in the armature. However, 
if, for any reason, the converter becomes a motor or a generator, 
even momentarily, the increased magnetomotive force of the 
armature may greatly exceed that of the commutating pole, 
so that the commutating pole flux will be greatly increased, or 
it may be greatly ‘reduced, or even reversed, depending upon 
which armature magnetomotive force predominates. 

The above is what happens when a synchronous converter 
hunts, and under the accompanying condition of variable 
armature magnetomotive force, the commutating pole con- 
verter, with iron directly over the commutating zone, is liable 
to show greater variations in the flux in the commutating zone 
than is the case in the non-commutating pole converter. Ex- 
perience has shown that when a synchronous converter carry- 
ing a heavy overload has its direct-current circuit suddenly 


interrupted, it is liable to hunt considerably for a very short 


period, depending upon the hunting constants of the individual 
machine and circuit. Аррагеп іу, all converters hunt to some 
extent with such change in load. This hunting means wide 
variations in the commutating pole flux with corresponding 
sparking tendencies. For а “swing” or two, this sparking 
may be so bad as to develop into a flash. Thus the flash follows 
the interruption of the circuit. 

Curiously, the most effective remedy for this condition is 
one which has proved most objectionable in d-c. machines, 
namely, a low-resistance closed electric circuit surrounding the 
commutating pole. The primary object of this remedy is not 
to form a closed circuit around the commutating field, but to 
obtain a more effective damper in order to minimize hunting. 
In a paper presented before the Institute several years ago,* 
the writer showed that the ideal type of cage winding for damp- 


*Interpoles in Synchronous Converters, by B. G. Lamme and F. D. 
Newbury, А. I. Е. E., Trans. 1910. 
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ing synchronous converters, namely, that in which all circuits 
are tied together by common end rings, was not suitable for 
commutating pole converters due to the fact that the various 
sections of this caye winding form low-resistance closed circuits 
around the commutating poles. This was in accord with all 
evidence available to that time, and no one took exception to 
it. However, later experience has shown that this was incor- 
rect, for, in later practise, it was found that the use of a cemplete 
cage damper of low resistance which decreases the hunting 
tendency, also greatly decreases the flashing tendency, so that 
today most converters of the commutating pole type are being 
made with complete cage dampers. Apparently, the flashing 
tendencies in converters due to hunting are much worse than 
those due to flux sluggishness. Therefore, a sacrifice can be 
made in one for the benefit of the other. ' 

In the case of a dead short circuit on the d-c. side of a syn- 
chronous converter, there is liable to be flashing, just as in the 
d-c. machine, and the flash and the breaker opening are liable 
to occur so closely together that an observer cannot say which 
is first. 

In d-c. railway motors, flashing at the commutator is not 
an uncommon occurrence. One rather common cause of flash- 
ing, especially at high speed, is due to jolting the brushes away 
from the commutator, due to rough track, etc. This is espe- 
cially the case with light spring tension on the brushes. The 
carbon breaks contact with the copper, forming an arc which 
is carried around. Another prolific source of flashing is due 
to opening and closing the motor circuit in passing over a gap 
or dead section in a trolley circuit. Here the motor current 
is entirely interrupted, and, after a short interval, it comes on 
again, without any resistance in circuit except that of the motor 
itself. If the current rush at the first moment of closing 1s 
not too large, and if the armature and field magnetic fluxes 
build up at the same rate, then there is usually but small danger 
of a flash, except under very abnormal conditions. The rapidly 
changing field flux however generates heavy currents under 
the brushes, thus tending toward flashing. The reactance of 
the motor, especially of the field windings, limits the first cur- 
rent rush to a great extent. According to this, closed second- 
ary circuits of low resistance around either the main poles or 
the commutating poles, should be objectionable, and experience 
bears this out. 
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In railway armatures, аз a rule, fewer commutator bars рег 
pole are used on the average than in stationary machines of 
corresponding capacity, except possibly, in large capacity 
motors. This is due largely to certain design limitations in 
such apparatus, but this has doubtless been responsible for a 
certain amount of flashing in such apparatus. 

Average e.m.f. and “ Field Form.” A rather common ргас- 
tise has been to specify the average volts per bar in a given 
machine. This, in itself, does not mean anything, except іп a very 
general way; for the limit is really fixed by the maximum volts 
per bar, as already shown, and there is no fixed relation between 
the average and the maximum volts per bar. The ratio be- 
tween these two voltages is dependent upon the field flux dis- 
tribution,—that is, the “field form." In practise, this ratio 
varies over a wide range, depending upon the preferences of 
the designer, upon limitations of pole space available, etc. 
Also, with load, it depends upon the amount of flux distortion 
of the field, which, in turn varies greatly in practise. In well 
proportioned modern machines, where space and other limita- 
tions permit, the average e.m.f. per bar is about 70 per cent 
. of the maximum at no load, and about 55 per cent to 60 per 
cent with heavy load. This means that about 15 volts per 
bar, average, is the maximum permissible, in large machines 
with considerable field distortion, if a maximum of 28 volts 
per bar is not to be exceeded. On this basis, a 600-volt machine 
should therefore have not less than 40 commutator bars per 
pole. However, this is with considerable field distortion. И 
this distortion is reduced or eliminated, the average volts can 
be considerably higher, as in machines with high saturation in 
the pole faces, pole horns and armature teeth, or with com- 
pensated fields. Synchronous converters are practically self- 
compensated and can therefore have higher limits than the 
above, if the normal rated e.m.f. is never to be exceeded. How- 
ever, in 600-volt converter work, in particular, wide variations 
sometimes momentarily occur, up to 700 to 750 volts, and such 
machines should have some margin for such voltage swings. 
The ordinary 600-volt d-c. generator also attains materially 
higher voltages at times, which would be taken into account 
in the limiting voltage per commutator bar and the total number 
of commutator bars per pole. 

Obviously, the ''fatter " the field form, the nearer the aver- 
age voltage can approach the maximum. With an 80 per cent 
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ficld form, instead of 70 per cent, for instance, the number of 
bars per pole can be reduced directly as the polar percentage 
is increased; and 35 bars per pole with 80 per cent would be as 
good as 40 bars with 70 per cent assuming the same percentage 
of field distortion in both cases. Ап increase in the polar arc 
wil tend toward increased distortion, but the reduced number 
of turns per pole should practically balance this, so that, other 
things being unchanged, the flux distortion should have prac- 
tically the same percentage as before. 

In large machines of уегу high speeds, large polar percentages, 
—that is, large ‘ field form constants," are very advantageous, 
but are not alwavs obtainable, due to tke space required for the 
commutating pole winding. In compensated field machines, 
with their smaller commutating pole windings, the conditions 
are probably best for high field form constants, and high aver- 
age volts per bar; and thus this type often lends itself very 
well to those classes of ma- 
chines where the minimum 
possible number of commu- | | 
tator bars is necessary. This | 
15 the case with very high. 
speeds, and also for уегу high 
voltage machines. Ет 

Usually it is considered that 
the commutating conditions 
of a machine are practically the same with the same current, 
whether it be operated as a generator or motor. However, 
when it comes to flashing conditions, there is one very consider- 
able difference between the two operations. In the d-c. gen- 
erator, the field flux distortion by the armature 1$ such as to 
crowd the highest field densitv, and thus the highest volts 
per bar, away from the forward edge of the brushes. In the 
motor, the opposite is the case, and therefore there is a steeply 
rising field, and a corresponding e.m.f. distribution in front of 
the brushes. Аз the flash 1$ carried in the direction of rotation 
it may be seen that, in this particular, the generator and motor 
are different. 


Fic. 3 


BLACKENING AND BuRNING—HIGH Маса-“Ріскімс Ор” 
COPPER 

In the preceding, certain limitations of commutation and 

flashing have been treated. There are, in addition, a number 
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of other conditions which are related closely to commutation, 
and which have already been touched upon to a limited extent. 
One of these is the permissible current density in the brushes 
or brush contacts. 

As brought out before, there are two currents to be con- 
sidered, namely, the work current which flows to or from the 
outside circuit, and the local or short circuit current which is 
purely local to the short circuited coils and the brush. The 
true current density is that due to the actual resultant current 
in the brush tip or face, which is very seldom uniform over the 
whole brush tip. The '' apparent " current density is that due 
to the work current alone—assumed to be uniform over the 
. brush tip. The current density very commonly has been as- 
sumed as the total work current, in and out, divided by the 
total brush section, and, moreover, this has been considered 
as the true current density, the local or short circuit currents 
being neglected altogether. This method of considering the 
matter has been very misleading, resulting in many cases, in 
a wrong or unsuitable size of brush being used just to mect 
some specified current density. In many of the old, non-com- 
mutating pole machines, the local currents were predominant 
under certain conditions of load, for the brushes, as a rule, had 
to be set at the best average position, so that at some average 
load, the commutating conditions would be best. At higher 
and lower loads, the short circuit currents were usually com- 
paratively large. The wider the brush contact circumferen- 
tially, the greater would be the short circuit currents and the 
higher the actual current density at one edge of the brush, 
while the apparent density would be reduced. Thus, in at- 
tempting to meet a low specified current density, the true den- 
sity would be greatly increased. The fallacy of this procedure 
was shown in many cases in which the brush contact was very 
greatly reduced by grinding off one edge of the brush. Very 
often, a reduction in circumferential width of contact to one- 
half resulted in less burning of the brush face. The apparent 
density was doubled but the actual maximum density was 
actually reduced. Many of these instances showed very 
conclusively that, much higher true current densities were prac- 
ticable, provided the true and apparent densities could be 
brought more nearly together. This is what has been accom- 
plished to a considerable extent in the modern well designed 
commutating pole machine. In such machines, the current dis- 


1588 LAMME: COMMUTATION [Sept. 16 


tribution at the brush face is nearly uniform under all condi- 
tions of load. It is not really uniform, even in the best machines; 
but the variations from uniformity, while possibly as much as 
50 per cent in good machines, is yet very small compared with 
the variation in some of the old non-commutating pole machines. 
In consequence, it has been possible to increase the apparent 
current densities in the brushes in modern commutating pole 
machines very considerably above former practise, while still 
retaining comparatively wide brush faces. In fact, the width 
of the brush contact circumferentially is not particularly limited 
if the commutating field flux сат be suitably proportioned; 
that is, where a suitable width and shape of commutating field 
can be obtained. In many of the old time machines, an ap- 
parent density of 40 amperes per square inch under normal 
loads was considered as amply high, while at the present time, 
with well proportioned commutating poles, 50 per cent higher 
apparent densities are not uncommon. However, experience 
shows that the same brushes, with perfectly uniform distribu- 
tion of current at the brush face, can carry still higher currents. 
Therefore, in modern commutating pole machines, the actual 
upper limit of brush capacity is not yet attained. But there 
are reasons why this upper limit is not practicable. One reason 
is that already given, that uniform current distribution over 
the brush face is seldom found. This means that a certain 
margin must be allowed for variations. А second reason lies 
in the unequal division of current between the various brushes 
and brush arms. This may be due initially to a number of 
different causes. However, when a difference in current once 
Occurs, it tends to accentuate itself, due to the negative co- 
efficient of resistance of the carbon brushes and brush contacts. 
If one of the brushes, for instance, takes more than its share of 
current for a period long enough to heat the brush more than 
the others, then its resistance is lowered and it tends to take 
still more current. If there were no other resistance in the 
current path, it is presumable that the parallel operation of 
carbon brushes would be more or less unsatisfactory. In the 
practical case, however, instead of the operation being im- 
practicable, it is merely somewhat unstable. Unequal division 
of current between the brushes on the same brush arms, is to 
some extent, dependent upon the total current per arm. Where 
there. are many brushes in parallel and the total current to 
be carried is very large, it is obvious that one brush may take 
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an excessively large current without materially decreasing the 
current carried by the other brushes. As a rule, the larger 
the current per arm, the more difficult is the problem of prop- 
erly balancing or distributing the current among all the brushes. 
Schemes have been proposed, and patented, for forcing equal 
division, but, as a rule, they have not proved very practicable, 
although some comparatively simple expedients have been 
tried out with a certain degree of success. 

In the same way, the division of current among brush arms 
of the same polarity is not always satisfactory. 50 per cent 
variation of current between different arms is not very unusual, 
and the writer has seen a number of instances where the varia- 
tion has been 100 per cent, or even much more. Obviously, 
with such variation, it 1$ not practicable to work the brushes up 
to the maximum density possible, for some margin must be 
allowed for such unbalancing. 

Experience has shown that when current passes through 
a moving contact, as from a brush to the commutator copper, 
Or vice versa, a certain action take place which resembles elec- 
trolytic action to some extent, although it 15 not really electro- 
lytic. It might also be said to resemble some of the actions 
which takes place in an arc. Minute particles appear to be 
eaten or burned away from one contact surface, and these are 
sometimes deposited mechanically upon the opposing surface. 
The particles appear to be carried in the direction of current 
flow, so that if the current is from the carbon brush to the 
copper, the commutator face will tend to darken somewhat, 
evidently from depositation of carbon. If the current is from 
the copper to the carbon, the brush face will sometimes tend 
to take a coating of copper, while the commutator face will 
take a clean, and sometimes raw, copper appearance. As the 
current is in both directions on the ordinary commutator, this 
action is тоге.ог less averaged, and therefore is not usually 
noticed. With one polarity or direction of current, the com- 
mutator face eats away, while with the other direction, the 
brush face is eaten away and may lose its gloss. 

The akove action of the current gives rise to a number of 
limiting conditions in direct-current practise. Experience shows 
that this ‘‘ eating away " action occurs with all kinds of brushes, 
and with various materials in the commutator. It appears to 
be depemdent, to a considerable extent, upon the losses at the 
contact surface. In other words, it is dependent upon both the 
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current and the contact drop. With reduction in contact drop, 
this burning action apparently is decreased, but in commutating 
machinery, this reduction cannot be carried very far, in most 
cases, on account of increase in short circuit current, which 
nullifies the gain in contact drop. In fact, іп each individual 
machine, there is some critical resistance which gives least loss 
and least burning at the contact surfaces. 

Practise has shown that this burning action is very slow at 
moderate current densities in carbon and graphite brushes— 
so slow as usually to be unnoted. However, if the actual 
current density in the brush face is carried too high, the burn- 
ing of the brushes mav become very pronounced. With the 
actual work current per brush usual in present practise, the 
burning of the brush face mav usually be credited to local cur- 
rents in the brushes. This is one pretty good indication of 
the presence of excessive local currents. It also indicates the 
location and direction of such currents, but is not a very exact 
quantitative measure of them. It is not uncommon, in exam- 
ining the brushes of a generator or motor, to find a dull black 
area under one edge of the brush, which obviously has been 
burned, while the remainder of the brush face is brightly polished. 
In severe cases, practically as good results will be obtained 
if the burned area is entirely cut away by beveling the edge 
of the brush. 

This eating away of either the brush face or the commutator, 
and the deposit upon the opposing face, leads to certain very 
harmful conditions in direct-current machinery. Ав stated 
before, if the true current density is kept. sufficiently low in 
the contact face, the burning 1s negligibly small in most cases. 
However, where the current passes from the commutator to 
the brush, it is the commutator copper which eats away, while 
the mica between commutator bars does not eat awav, but must 


be worn away at the same rate that the copper 1% burnt, if good- 


contact is to be maintained. Let the burning of the copper 
gain ever so little on the wear of the mica, then trouble begins. 
The brush begins to “ride " on the mica edges and does not 
make true contact with the copper. This increases the burn- 
ing action very rapidly, so that eventually the mica stands 
well above the copper face. "This is the trouble usually known 
аз " high mica." It is frequently credited to unequal rates 
of wear of copper and mica. This idea of unequal wear has 
been partly fostered by the fact that with relatively thick 
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mica, the action is greatly increased, or, with very thin com- 
mutator bars, with the usual thickness of the mica, the high mica 
trouble becomes more serious. In both these latter cases, it 
is the higher percentage of mica,—that is, the relatively poorer 
wearing characteristics of the mica itself, which is at fault. 
But the commutator copper does not wear away. In fact, it 
is not physically possible for it to wear below the mica. It is 
“eaten away ” or burned, as described above. In some special 
cases, where this burning is unusually severe, the mica apparently 
wears down about as fast as the copper, so that the commutator 
remains fairly clean and has no particularly burnt appearance, 
but grooves or ridges, showing undue wear. But this rapid 
apparent wear is a pretty good indication that excessive burn- 
ing action is present at times, usually due to excessive local 
currents. In some cases, this burning action тау be present 
only during heavy or peak loads which may be so interspersed 
with periods of light running that the true wear of the mica 
catches up with the burning of the copper. In such cases, the 
commutator may have a beautiful glossy appearance normally, 
but may wear in grooves and ridges. On account of this burn- 
ing action, practise has changed somewhat in regard to stagger- 
ing of brushes on commutators to prevent ridging between the 
brushes. Formerly, it was common practise to displace all 
the positive brushes one direction axially, and the negatives 
in the other direction, in order to have the brushes overlap. 
This, however, did not entirely prevent ridging, for the burning 
of the copper occurred only under one polarity. It is now con- 
sidered better practise to stagger the arms in pairs. 

With commutating pole machines, the true current densities 
in the brushes are carried up to as high a point as the non- 
burning requirements will permit. Reduction in local currents 
has been accompanied by increase in the work current density. 
Therefore, conditions for burning and high mica are still exist- 
ent, as in non-commutating pole machines. In recent years, 
a new practise, or rather an extension of an old practise, has 


been very generally adopted, namely, undercutting the mica | 


between bars. In early times, such undercutting was practised 
to a certain extent, usually however, to overcome mica troubles 
principally. In the newer practise, such undercutting is pri- 
marily for other reasons, although the mica problem is partly 
concerned in it. During the last few years, extended ехреп- 
ence has shown that graphite brushes, or carbon brushes with 


1592 ГАММЕ: COMMUTATION | Sept. 16 


considerable graphite in them, are extremely good for collect- 
ing current, but on the other hand, are very poor when it comes 
to wearing down the mica, due to their softness or lack of ab- 
rasive qualities. Due to the graphite constituent, such brushes 
are largely self-lubricating, and therefore, “гіде” more smoothly 
on the commutator than the ordinary carbon brush. They are 
therefore much quieter, and this is a very important point with 
the present high speeds which are becoming very much the 
practise. However, by undercutting the mica, all difficulty 
from lack of abrasive qualities in the brush is overcome, and 
thus the good qualities of such brushes could be utilized. The 
advantage of self-lubricating brushes should be apparent to 
anyone who has had difficulties from chattering and vibration 
of brushes, due to lack of lubrication. Such chattering may 
put a commutator '' to the bad " in a short time, and the con- 
ditions become cumulatively worse. Chattering means bad 
contact between the brush and commutator, which in turn, 
means sparking and burning, which means increased chatter- 
ing or vibration. 

The above refers to burning of the commutator face. But 
such burning also may have a bad effect on the brushes. When 
the commutator copper burns away to any extent, it may de- 
posit on the brush face following the direction of the current. 
This coating on the brush face sometimes leads to serious 
trouble, by lowering the resistance of the contact surface. This 
not only allows larger short circuit current and greater heating 
of the brush, but it makes the resistance of that particular 
path lower than that of other parallel brush paths. In con- 
sequence, the coated brush takes an undue share of the total 
current, as well as an unduly large local current. The result- 
ant heating may be such that the brush actually becomes red 
hot or glows. This heating further reduces the resistance, 
and tends to maintain the high temperatures. This glowing 
or overheating very frequently causes disintegration of the bind- 
ing or other material in the brush, so that it gradually honey- 
combs at or near its tip. This action may keep up until the 
brush makes bad contact. It may be that a similar action may 
occur coincidently on other brushes, but, there is no uniformity 
about it. This action of transferring copper to the brush is 
sometimes known as ‘ picking up copper." It is not limited 
to brushes of one polarity, except where the metallic coating 
is caused primarily by the work current. Where it results from 
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high local currents, it may be on the brushes of either polarity, 
for the local currents go in and out at each brush. However, 
according to the writer’s experience, this coating is more com- 
mon on the one polarity. 

Glowing and honeycombing of brushes is not necessarily 
dependent upon the metallic coating on the brushes, although 
this latter increases the action. Anything that will unduly in- 
crease the amount of current in any brush contact for a period 
long enough to result in heating and lower contact resistance, 
with brushes in parallel, may start this glowing and honey- 
combing. It is not as common an action in modern machines 
as in old time ones. 

As an evidence that poor contact or high contact drop tends 
to produce burning, may be cited the fact that, in many cases 
of apparent rapid wear of the commutators, such wear has 
been practically overcome by simply undercutting the mica 
and thus allowing more intimate contact between brush and 
copper. In some instances, this also lessened or eliminated 
the tendency to pick up copper. Thus undercutting has been 
very beneficial in quite a number of ways. 


NUMBER OF SLOTS, CONDUCTORS PER SLOT, ETC. 

There are certain limitations in direct-current machines, de- 
pending upon the minimum number of slots per pole which can 
be used. Provided satisfactory commutating conditions can 
be obtained, it is in the direction of economy of design to use 
a relatively low number of slots per pole, with a correspond- 
ingly large number of coils per slot. This is effective in several 
ways. In the first place, insulating space 1s saved, thus allow- 
ing an increase in copper or iron sections, either of which al- 
lows greater output. In the second place, wider slots are favor- 
able to commutation. Thus the natural tendency of d-c. de- 
sign is toward a minimum number of slots per pole. But if 
this is carried too far, certain objections or disadvantages arise 
or become more prominent, so that at some point they over- 
balance the advantageous features. Аз the slots are widened 
and the number of teeth diminished, variations in the reluct- 
ance of the air gap under the main poles, with corresponding 
pulsations in the main field flux become more and more pro- 
nounced. These may effect commutation, as the short cir- 
cuited armature coils form secondary circuits in the path of 
these pulsations. But before this condition becomes objec- 
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tionable, other troubles are hable to become prominent, such 
as ‘‘ magnetic noises," etc. If the machine is of the commutat- 
ing pole type, there are liable to be variations in the commutat- 
ing pole air gap reluctance, so that it may be difficult to obtain 
proper conditions for commutation. А relatively wide com- 
mutating zone is required if there are many coils per slot; also, 
all the conductors per slot usually will not commutate under 
equal conditions, which may result in blackening or spotting 
of individual commutator bars symmetrically spaced around 
the commutator, corresponding to the number of slots. In non- 
commutating pole machines, it may be difficult to find a suit- 
able field or magnetic fringe in which to commutate, and thus 
the first and last coil in each slot will have quite different fluxes 


: in which to commutate. 


Depending upon the relative weight of the various advant- 
ages and disadvantages of a small number of slots per pole, 
practise varies greatly in different apparatus. In small and 
medium capacity railway motors, where maximum output in 
minimum space is of first importance, and where noise, vibra- 
tions, etc. are not very objectionable, the number of slots per 
pole used is probably lower than in any other line of d-c. ma- 
chines, six to eight per pole being rather common. In the 
smaller and medium size stationary motors, where noise must 
be avoided, a somewhat larger number of slots 1s used in gen- 
eral, depending somewhat upon the size of the machine. On 
still larger apparatus, excepting possiblv, small low-speed en- 
gine tvpe generators, 1O slots or more per pole are used in 
most cases, and, in general, more than 12 are preferred. In 
the large 600-volt machines, the number is fixed partly by the 
minimum number of commutator bars per pole, and the num- 
ber of coils per slot. Assuming three coils per slot, then with 
a minimum number of commutator bars of about 40 per pole, 
the minimum number of slots per pole will be 14, and with 
two bars per slot, will be correspondingly larger. This there- 
fore represents one of the limits in present practise. 

Noise, Vibration, etc. Mention has been made of limita- 
tions of noise and vibration being reached, in considering the 
minimum number of slots. This is a very positive limitation 
in design, especially so in recent vears, when everything is being 
carried as close as possible to all limits in economies in materials 
and constructions. All the various conditions which cause 
undue noises in electrical apparatus are not yet well known, 
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and the application of remedies is more ог less a question of 
“ cut-and-try." | 

A fundamental cause of noise in direct-current machines lies 
in very rapid pulsations or fluctuations in magnetic conditions. 
This has been well known for years, and many solutions of the 
problem of preventing such variations in magnetic conditions 
from setting up vibrations and consequent noise, have been 
proposed, but many of them appear to hold only for the particu- 
lar machine, or line of machines, for which they were devised. 
A perfectly good remedy in one machine not infrequently 
proves an utter failure on the next one. There are certain 
remedies for noise in direct-current machines which apply pretty 
generally to all machines, but, as a rule, such remedies mean more 
expensive constructions. In general, large air gaps and gradual 
tapering of the flux at the pole edges tend toward quiet opera- 
tion. А large number of slots per pole tends toward quietness. 
However, the trend of design has been toward very small air 
gaps, especially in recent designs of small and moderate size 
d-c. motors; also, the aim has been to use as few armature slots 
as possible. Moreover, newer designs with steel or wrought 
iron frames, as a rule, have the magnetic material in the frames 
reduced to the lowest limit that magnetic conditions will per- 
mit. Also, with the general use of commutating poles, the 
tendency has been toward “ strony " armatures and corres- 
pondingly weak ficlds, so that the total field fluxes and field 
frames are relatively small compared with the practise of а 
few years ago. With these small frames, resonant conditions 
not infrequently are encountered, especially in those machines 
which are designed to operate over a very wide range in speed. 
There is liable to be some point in thc speed range where the 
poles or frame, or some other part, is properly tuned to some 
pulsating torque or “ magnetic pull " in the machine. In such 
case, a very slight disturbance of a periodic nature may act 
cumulatively to give a very considerable vibration and conse- 
quent noise. 

The pulsations in magnetic conditions which produce vibra- 
tion may be due to various causes, but, as a rule, the slotted 
armature construction is at the bottom of all of them. Ореп 
type armature slots usually are much worse than partially 
closed slots. Such open slots produce “ tufting " or “ bunch- 
ing " of the magnetic flux between the field and armature, and 
it is this bunching of flux which usually, in one form or another, 
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produces a magnetic pulsation or pull which sets up vibration. 
This bunching of lines may be such as to set up pulsating mag- 
netic pulls at no-load as well as full load. In other cases, the 
ampere turns in the armature slots tend to exapgerate or accen- 
tuate the bunching so that the vibration varies with the load. 
This bunching of the flux may act in various ways. The total 
air gap reluctance between the armature and main poles mav 
vary or pulsate, so that the radial magnetic pull between any 
main pole and the armature will pulsate in value. If the re- 
luctances under all the poles are varying alike, then these 
pulsating radial pulls will tend to balance each other at all 
instants. However, if the reluctances under the different poles 
do not vary simultaneouslv, then there are liable to be un- 
balanced radial magnetic pulls of high frequency, depending 
upon the number of armature teeth, speed of rotation, etc. 
If this frequency is so nearly in tune with the natural period 
of vibration of some part of the machine, such as the yoke, 
poles or pole horns, armature core and shaft, that a resonant 
condition is approximated, then vibration and noise are almost 
sure to occur. 

Radial unbalanced pulls, as described, are liable to occur when 
the number of armature teeth is other than a multiple of the num- 
ber of poles; and the smaller the number of teeth per pole, the 
larger will be the unbalancing in general. As a remedy, it 
might be suggested that the number of armature slots always 


Бе made a multiple of the number of poles. However, there are 


several objections to this. One serious objection is that, on 
small and moderate size d-c. machines, the two-circuit type of 
armature winding is very generally used, and, with this type of 
winding, the number of armature coils and commutator bars must 
always be one more or less in number than some multiple of the 
number of pairs of poles. Mathematically therefore, with a two- 
circuit winding, the number of slots can never bea multiple of the 
number of poles unless an unsymmetrical winding ig used, 
that 15, one with a ‘‘ dummy " сой. А second objection to using 
a number of slots which is a multiple of the number of poles, 
is that there are pulsating magnetic pulls which may be exag- 
gerated by this very construction. There are two kinds of mag- 
netic pulls, a radial, which has already been considered, and a 
circumferential, due to the tendency of the armature core to 
set itself where it will enclose the maximum amount of field 
flux. Obviously, if the arrangement of slots is such that when 
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one pole has a maximum flux into the teeth, another pole has 
a minimum, then the circumferential puslations in torque 
will be less than if all poles enclosed the maximum or the mini- 
mum flux simultaneously. This latter condition will be produced 
when the number of armature slots is a multiple of the number 
of poles. Therefore, in dodging unbalanced radial magnetic 
pulls by using a number of armature slots which is a multiple 
of the number of poles, the designer is liable to exaggerate the 
circumferential variations in torque or pull, so that he is no better 
off than before. This circumferential pulsating magnetic pull 
may act in various ways to set up vibration, and if there is any 
resonant condition in the machine, vibration and noise will 
result. 

Several years ago, the writer made some very interesting tests 
on a number of d-c. machines to discover the nature of the vi- 
brations which were producing noise. 
These machines had very light frames 
and were noisy, although not exces- 
sively so. The following results were 
noted: In certain four-pole machines, 
it was noted that the frames vibrated 
in a radial direction, as could be 
easily determined by feeling. How- 
ever, upon tracing around the frame 
circumferentially, nodal points were 
noted. In some cases, there were 
| points of practically по vibration 
midway between the poles, as at A in Fig. 4. In other cases 
the point of least vibration was at B, directly over the main 
poles. Apparently, minimum vibration at A and maximum at 
B occurred when the pulsating magnetic pulls were in a radial 
direction, while, with circumferential pulls, the maximum vibra- 
tion was at A. It was also noted in some instances that а varia- 
tion in the width of the contact face of the pole against the yoke 
produced vibrations and noise, and nodal points in the yoke, 
the vibrations being a maximum at A. 

In still other cases in commutating pole machines, vibrations 
and noise were apparently set up by either radial or circumferen- 
tial magnetic pulsations under the commutating poles themselves, 
as indicated by the fact that removal of the commutating poles, 
or a considerable increase in their air gaps, tended to overcome 
the noise. In such cases, the noise usually increased with the 
load, in constant speed machines. 
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Skewing of the armature slots, or of the pole faces, has proven 
quite effective in some cases of vibration and noise. Tapered 
air gaps at the pole edges have also proven effective т many 
individual cases. However, the causes of the trouble and the 
remedies to be applied in specific cases are so numerous and so 
varied that at present it is useless to attempt to give any limita- 
tions in design as fixed by noise and vibration due to magnetic 
conditions. 


“ FLICKERING” OF VOLTAGE, AND “ WINKING ” OF LIGHTS 


From time to time, cases have come up where noticeable 
“winking " of incandescent lights occur, this being either of a 
periodic or non-periodic character, the two actions being due to 
quite diferent causes. In either case, the primary cause of the 
difficulty тау be in the generator itself, or it may be ш the 
prime mover. The characteristics of the incandescent lamp 
itself tends, in some cases, to exaggerate this winking. To be 
observable when periodic, the period must be rather long, cor- 
responding to a very low frequency. Periodic flickering of 
voltage may be considered as equivalent to a constant d.c. 
voltage with a low-frequency small-amplitude alternating e.m.f. 
superimposed upon it. In view of the fact that incandescent 
lamps of practically all kinds give satisfactory service without 
flicker at 40 cycles with the impressed e.m.f. varying from zero 
to 40 per cent above the сйесиуе value, one would think that a 
relatively small variation of voltage, of 3 per cent or 4 per cent 
for instance, would not be noticeable at frequencies of 5 to 
10 cycles per second. However, careful tests have shown 
that commercial incandescent lamps do show pronounced 
flicker at much lower percentage variations in voltage, de- 
pending upon the thermal capacity of the lamp filament. Based 
on such thermal capacity, low candle power 110-volt lamps, for 
example, should show more flicker than high candle power lamps. 
Also, tungsten lamps for same candle power should be more sen- 
sitive than carbon lamps, due to their less massive films. In 
fact, trouble from winking of lights has become much more pro- 
nounced since the general introduction of the lower-candle power, 
higher-efficiency incandescent lamps. 

In view of the fact that winking has been encountered with 
machines in which no pronounced pulsations in voltage appear 
to be possible, a series of tests was made some years ago to 
determine what periodic variation was noticeable on ordinary 
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low-candle power Tungsten and carbon lamps. А lamp circuit 
was connected across a source of constant direct e.m.f., and in 
series with this circuit was placed a small resistance which could 
be varied at different rates and over varying range. The 
results were rather surprising in the very low pulsations in volt- 
age which showed flickering of the light when reflected from a 
white surface. With the ordinary frequencies corresponding to 
small engine type generators—that is, from 5 to 10 cycles—peri- 
odic variations in voltage of 1 per cent above or below the mean 
value were sufficient to produce a visible wink, with 16-candle 
power carbon lamps; while 1 per cent variation above and below 
was quite pronounced. With corresponding tungsten lamps, 
only about half this variation is sufficient to produce a similar 
wink. These tests were continued sufficiently to show that such 
periodic fluctuations in voltage must be limited to extremely 
small and unsuspected limits. This condition therefore 1mposes 
upon the designer of such apparatus a degree of refinement in 
his designs which is almost a limitation in some cases. 

It is probable that non-periodic fluctuations in voltage do 
not have as pronounced an effect in regard to winking of lights 
as 15 the case with periodic fluctuations, if they do not follow 
each other at too frequent intervals, unless each individual 
pulsation is of greater amplitude, or is of longer duration. 
Possibly a momentary variation in voltage of several per cent 
will not be noted, except by the trained observer, unless such 
variation has an appreciable duration. 

A brief discussion of the two classes of voltage variations 
may be of interest, and is given below. 

Periodic Fluctuations. As stated before, these may be due 
to conditions inside the machine itself, or may be caused by 
speed conditions in the prime mover. Not infrequently, the 
two act together. Variations in prime mover speed can act in 
two ways; first, by varying the voltage directly in proportion 
to the speed, and second, by varying the voltage indirectly 
through the excitation, the action being more or less cumulative 
in some cases. Such speed variations usually set up pulsations 
corresponding directly to the.revolutions per minute and т- 
dependent of the number of poles on the machines. 

In the machine itself, periodic pulsations of frequency lower 
than normal frequency of the machine itself, may be caused 
by magnetic dissymmetry of some sort, ог by unsymmetrical 
windings. Usually, such dissymmetries give voltage fluctua- 
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tions at a frequency corresponding to the normal frequency of 
the machine, and therefore will have no visible effect unless 
such normal frequency is comparatively low, which is usually 
the case in engine type d-c. generators. In other cases, these 
dissymmetries may give pulsations corresponding to the rev- 
olutions, and not the poles. For instance, if the armature 
periphery and the field bore are both eccentric to the shaft, 
then magnetic conditions are presented which vary directly 
with the revolutions. 

However, there have been cases where no dissymmetry could 
be found, and yet which produced enough variations to wink 
the lights. Usually in such cases, the number of armature 
slots per pole was comparatively small, and the trouble was 
overcome by materially increasing the number of slots per pole. 
A second source of winking has been encountered in some three- 
wire machines in which the neutral tap is not a true central 
point. In such case, the neutral travels in a circle around the 
central point and impresses upon the d-c. voltage a pulsation 
corresponding to the diameter of the circle. Its frequency how- 
ever, is that of the machine itself and is therefore more notice- 
able on low frequency machines, such as engine type generators. 

Non-Periodic Pulsations or Voltage “ Dips." In all d-c. 
generators, there is a momentary drop or “дір” in voltage with 
sudden applications of load, the degree of drop depending upon 
the character and amount of load, etc. The effects of this 
have been noted most frequently in connection with electric 
elevator operation, in which the action is liable to be repeated 
with sufficient frequency to cause complaint. Various claims 
have been made that certain types of machines did not have 
such voltage dips, and that others were subject to it. In con- 
sequence, the writer and his associates made various tests in 
order to verify an analysis of this action which 1$ given below. 

The explanation of this dip in voltage is as follows. Assume, 
for instance, a 100-volt generator supplying a load of 100 am- 
peres—that is, with one ohm resistance in circuit. The drop 
across the resistance is, of course, 100 volts. Now, assume 
that a resistance of one ohm 1$ thrown in parallel across the 
circuit. The resultant resistance in circuit is then one-half 
ohm. However, at the first instant of closing the circuit through 
the second resistance, the total current in the circuit is only 
100 amperes, and thercfore the line voltage at the first instant 
momentarily must drop to 50 volts. However, the e.m.f. 
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generated in the machine is 100 volts, and the discrepancy of 
50 volts between the gencrated and the line volts results in a 
very rapid rise in the generator current to 200 amperes. If 
the current rise could be instantaneous, the voltage dip would 
be represented diagrammatically by a line only; that is, no 
time element would be involved. However, the current can- 
not rise instantaneously in any machine, due to its self-induction, 
and therefore, the voltage dip is not of zero duration, but has 
a more or less time interval. The current rises according to an 
exponential law, which could be calculated for any given ma- 
chine if all the necessary constants were known. However, 


such a great number of conditions enter into this that is it usually - 


impracticable to predetermine the rate of current rise in de- 
signing a machine; and it would not change the fundamental 
conditions if the rate could be predetermined, as will be shown 
later. 

А rough check on the above theory could be obtained in the 
following manner, by means of oscillograph tests. For example, 
it was assumed in the above illustration that with one ohm 
resistance in circuit, an equal resistance was thrown in parallel, 
which dropped the voltage to one-half. In practise, the actual 
drop which can be measured might not be as low as one-half 
voltage, as the first increase in current might be so rapid as to 
prevent the full theoretical dip from being obtained. However, 
an oscillograph would show a certain amount of voltage drop. 
If now, after the current has risen to 200 amperes and the con- 
ditions become stable, the second resistance of one ohm is 
thrown in parallel with the other two resistances of one ohm 
each, then in this latter case, the resultant resistance is re- 
duced to two-thirds the preceding value, instead of one-half, 
as was the case in the former instance. Therefore, the dip 
would be less than in the former case. Again, if one ohm ге- 
sistance is thrown in parallel with three resistances of one ohm 
each, the resultant resistance becomes three-fourths of the 
preceding value,—that is, the voltage dip is still less. There- 
fore, according to the above analysis, if a given load is thrown 
on a machine, the dips will be relatively less the higher the load 
the machine is carrying. Also, if the same percentage of load 
is thrown on each time, then the dips should be practically the 
same, regardless of the load the machine is already carrying. 
For example, if the machine is carrying 100 amperes, and 100 
amperes additional is thrown on, the dip should be the same as 


... 
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if the machine were carrying 300 amperes and 300 amperes 
additional were thrown on. 

Also, according to the above theory, a fully compensated 
field machine, (that is, one with a distributed winding in the 
pole faces proportioned to correctly neutralize the armature 
magnetomotive force) should also show voltage dips with load 
thrown on. To determine if this 1$ $0, several series of tests were 
made on acarefully proportioned compensated field machine. Two 
series of tests were made primarily. In the first, equal in- 
crements of currents were thrown on, (1) at half load, (2) at full 
load, and (3) at 13 load on the armature. In the second series 
of tests, a constant percentage of load was thrown on; that is, 
at half load the same current was thrown on as in the first test, 
while at full load, twice this current, and at 1} load, three 
times this current was thrown on. 

According to the above theory, all these should show voltage 
dips, although the machine was very completely compensated. 
Also, in the first series of tests, the dips should be smaller with 
the heavier loads on the machine, while in the second series 
they should be the same in all tests. This is what the tests 
indicated. In the first series, the dips in voltage varied, while 
in the second series, they were practically constant. The re- 
sults of these tests are shown in the following table. (The 
oscillograph prints were so faint that it was not considered 
practicable to produce them in this paper.) 


NORMAL E.M.F.—1200 VOLTS. 


— 


Load on generator. | Increase in load. | Dip in voltage. 


Test. | (Арргох). 
TE p 
A 0 Amps. 417 Amps. 700 Volts. 
B 208 “ 50 и 300 « 
С 417 “ 50 е 200 s 
D 625 “ 80 z 150 ? 
Е 417 * 160 G 300 “ 
F 625 “ 240 D 300 “ 


Tests, В С апа D in the table show the dips for the first 
series of tests, while B, E and F show results for second series. 
The time for recovery to practically normal voltage was very 
short in all cases, varying from 0.002 to 0.004 seconds accord- 
ing to the oscillograph curves, but even with this extremely 
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short time, there was very noticeable winking of tungsten 
lamps, in practically all tests. The oscillograph curves showed 
practically no change in field current, except in test A. 

The machine used in these tests was a special one in some 
ways. It was a 500-kw., 1200-volt, railway generator with 
compensating windings and commutating poles. In order to 
keep the peripheral speed of the commutator within approved 
practise, it was necessary in the design to reduce the number 
of commutator bars per pole, and consequently the number 
. of armature ampere turns, to the lowest practical limit. This 
resulted in an armature of very low self induction, which was 
very quick in building up the armature current with increase 
in load. This machine therefore did not show quite as severe 
variations as would be expected from a normal low-voltage 
machine of this same construction. However, these two series 
of tests did show pronounced voltage dips which were sufficient 
to produce noticeable winking of incandescent lamps. Presum- 
ably, therefore, all normal types of generators will wink the 
lights under similar conditions. 

Data obtained on non-compensated machines of 125 and 250 
volts indicate the same character of voltage dips as were found 
in the above tests. This should be the case, for, by the fore- 
going explanation, the compensating winding has no direct re- 
lation to the cause of the dip. 

It will be noted in these curves that the voltage recovers to 
normal value very quickly. However, incandescent lamps 
will wink, even with this quick recovery, if the dip is great 
enough. There is some critical condition of voltage dip in 
each machine which would produce visible winking of lights. 
Any increments of load up to this critical point will apparently 
allow satisfactory operation. If larger loads are to be thrown 
on, then these should be made up of smaller increments, each 
below the critical value, which may follow each other in fairly 
rapid succession. In other words, the rate of application of 
the load is of great importance, if winking of lights is to be 
avoided. Therefore, the tvpe of control for motor loads, for 
instance, should be given careful consideration in those cases 
where steadiness of the light is of first importance, and where 
motors and lights are on the same circuit. 

An extended series of tests has shown that, in most cases, 
10 per cent to 15 per cent of the rated capacity of the generator 
can be thrown on in a single step without materially affecting 


PI 
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the lighting on the same circuit, and provided the prime mover 
holds sufficiently constant speed. However, judging from the 
quickness of the voltage recovery, the prime mover, if equipped 
with any reasonable flywheel capacity, cannot drop off materially 
during the period of the voltage dip as shown in the curves. 
The dip in voltage due to the flywheel 1s thus apparently some- 
thing distinct from the voltage dip due to the load. However, 
if the load is thrown on in successive increments at a very 
rapid rate, the result will be a dip in voltage due to the prime 
mover regulation, although the voltage dips due to the load 
itself may not be noticeable. 

The above gives a rough outline of this interesting but little 
understood subject of voltage variations. Going a step farther, 
a similar explanation could be given for voltage rises when the 
load is suddenly interrupted, їп whole or in part. This is 
usually known as the inductive kick of the armature when the 
circuit is opened. This may give rise to momentarily increased 
voltages which tend to produce flashing, as has already been 
referred to under the subject of flashing when the circuit breaker 
is opened. 

PERIPHERAL SPEED OF COMMUTATOR 


This presents two separate limitations in d-c. design, one 
being largely mechanical and the other being related to voltage 
conditions. Аз regards operation, the higher the commutator 
speed, as a rule, the more difficult it 1s to maintain good contact 
between brushes and commutator face. This 1s not merely a 
function of speed, but rather of commutator diameter and speed 
together. Apparently it is easier to maintain good brush con- 
tact at 5000 ft. per minute with a commutator 50 in. in di- 
ameter than with one of 10 in. in diameter. Very slight un- 
evenness of the commutator surface will make the brushes 
“jump " at high peripheral speeds, and the larger the dia- 
meter of the commutator with a given peripheral speed, the 
less this is. 

The peripheral speed of the commutators is also limited by 
constructive conditions. With the usual V-supported com- 
mutators, the longer the commutator, the more difficult it is 
to keep true, especially at very high speeds and the higher 
temperatures which are liable to accompany such speeds. 
Therefore, the allowable peripheral speeds are, to some extent, 
dependent upon the current capacity per brush arm, for the 
length of the commutator is dependent upon this. The per- 
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missible speed limits, as fixed by mechanical constructions, 
have been rising gradually as such constructions are improved. 
At the present time, peripheral speeds of about 4500 ft. per 
minute are not uncommon with commutators carrying 800 to 
1000 amperes per brush arm. Іп the case of 60-cycle, 600- 
volt synchronous converters, 5200- to 5500-ft. speeds are usual 
with currents sometimes as high as 500 to 600 amperes per arm. 
In the case of certain special 750-volt, 60-cycle converters, oper- 
ated two in series, commutator speeds of about 6400 ft. have 
proved satisfactory. These latter, however, had comparatively 
short commutators. 

For the small diameter commutators used in d-c. turbo- 
generator work, peripheral speeds of 5500 to 6000 ft. have been 
common. However, such machines usually have very long com- 
mutators and of the so-called “ shrink-ring " construction. The 
brushes may not maintain good contact with the commutator 
at all times, and in a number of machines in actual service, the 
writer, in looking at the brush operation, could distinctly see 
objects beyond the brush contacts; that is, one could see 
“ through " the contact, and curiously, in some of these cases, 
the machines seemed to have operated fairly well. One ex- 
planation of this is that the gaps between brushes and com- 
mutator were intermittent, and, with one or more brush arms in 
parallel, one arm would be making good contact, while another 
showed a gap between brushes and commutator.  Appar- 
ently, the commutators were not rough or irregular, but 
were simply eccentric when running at full speed and the 


brushes could not rise and fall rapidly enough to follow | 


the commutator face all the time. Incidentally, it may be men- 
tioned at this point, that with the higher commutator speeds 
now in use, there has come the practise of ‘‘ truing " commutators 
at full speed. ‘This is one of the improvements which has al- 
lowed higher commutator speeds. 

The other limitation fixed by peripheral speed, € that 
of the voltage, is a more or less indirect one. It is dependent 
upon the number of commutator bars that are practicable be- 
tween two adjacent neutral points; or, in other words, it is 
dependent upon the distance between neutral points. The 
product of the distance between adjacent neutral points and the 
frequency, in alternations, gives the peripheral speed of the 
commutator, (distance between neutral points in feet times 
alternations per minute equals peripheral speed in feet per 
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minute). With a given number of poles and revolutions рег 
minute, the alternations are fixed. Then, with an assumed 
limiting speed of commutator, the distance between neutral 
points is thus fixed. This then limits the maximum number of 
commutator bars, and therefore the maximum voltage which 
is possible, assuming a safe limiting voltage per bar. From 
this it may be seen that the higher the peripheral speed, the 
higher the permissible voltage with a given frequency. Inthe 
same way, if the frequency can be lowered (either the speed or 
the number of poles be reduced) the permissible voltage can 
be increased with a piven peripheral speed. Where the speed 
and the number of poles are definitely fixed and the diameter 
of commutator is limited by peripheral speed and other con- 
ditions, the maximum practicable 4-с. voltage is thus verv defi- 
nitely fixed. This is a point which apparently has been mis- 
understood frequently. It explains why, in railway motors, for 
high voltages, it 1$ usual practise to connect two armatures per- 
manently in series; also, why two 60-cvcle synchronous conver- 
ters are connected in series for 1200- or 1500-volt service. In 
synchronous converter work, the frequency being fixed once for 
all, the maximum 4-с. voltage is directly dependent upon the 
peripheral speed of the commutator. 


CONCLUSION 


The principal intent, in this paper has been to show that cer- 
tain limitations encountered in d-c. practise are just what should 
be expected from the known properties of materials and electric 
circuits. The writer has endeavored to explain, in a simple, 
non-mathematical manner, how some of the apparently com- 
plicated actions which take place in commutating machinery 
are really very similar to better understood actions found in 
various other apparatus. An endeavor has also been made to 
show that a number of the present limitations in direct current 
design and operation are not based merely upon lack of ex- 
perience, but are really dependent upon pretty definite condi- 
tions, such as the characteristics of carbon brushes and brush 
contacts, etc. Possibly a better understanding of the character- 
istics and functions of carbon brushes will result from this paper. 

The writer makes no claims to priority for many of the ideas 
and suggestions brought out in this paper. . However, much of 
the material 1s a direct result of his own investigations and those 
of his associates during many years of experience with direct- 
current apparatus. 
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APPENDIX 


The following method of determining the maximum capacity 
which can be obtained with given dimensions and for assumed 
limitations as fixed by commutation, flashing and other con- 
ditions, is based upon certain formulas which the writer de- 
veloped several years ago, and which appeared in a paper before 
the Institute.* | 

Оп page 2389 of the 1911 Transactions of the Institute, 
the following general equation is given: 


IWR Тет ЕЕ 
Е, = 108 E (L-E) (9255 +05) (D + Pj) 


+ c» = (0.9 + 0.035 №) + ca E (1.33d, + 0.52 + 2.16 s vi) | 


042 Np R,T. 


+ 165 (1) 
Where J. = Current per armature conductor. 

W, - Total number of armature conductors. | 

T, = Turns per armature coil or commutator Баг. 
L&L, = Width of armature core and commutating pole 

faces respectively. 

D = Diameter of armature. 

P = №. of poles. 

М = No. of slots per pole. 

d, = Depth of armature slot. 

5 = Width of armature slot. 

п = Ratio of width of armature tooth to slot at 


surface of core. 
Сі, Сә, Сз, Са are design constants. 
In order to simplify the above equation, the following as- 
sumptions are made: 
(a) No bands are used on armature core, thus eliminating 
the last term in the above equation. 
(b) Lı = Г, thus eliminating the first expression inside the 
bracket in the above equation. 
Both the above assumptions are in the direction of increased 
capacity with a given short circuit voltage, E.. 
Equation (1) then becomes, 


* 4 Theory of Commutation and Its Application to Interpole Machines, 
А. I. E. E., Trans. 1911. 
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: е I. W, R, T. т 4 р 
ы RON Е. = Ее E 5- (0.9 + 0.035N) 
e tat (1.384, + 0.52 + 2.16 s vn | (2) 
"om 
ма а ex | The various terms in equation (2) should be put in such form 


that limiting values can be assigned to them as far as possible. 
++ In order to do this the equation can be condensed and simplified 
as follows, for large machines: 
(a) Assuming parallel type windings,— 


Po T.2p E 

- W, = Шала where V, = Average volts per commutator 
"TUE. b 
' bar or coil. 
T I 

P I, = —§where /, =,Total current. 


7 ‚ IE = Kilowatts X 10? = Kw 10? 
= Also, R, р = 2f, where f = Frequency in cycles per second. 


Г. И, В, Tew _ Kw, XAf TET o i у. 
Therefore, ТТ = yx Kw, being the 


watts per pole. 
(6) Let Р, = Armature tooth pitch. 


Then D = “EEL 
Т 


е T = (0.9 + 0.035 №) = с, E (0.9 + .035 №) P: 


‚ In case of а chorded winding, the term 0.035 N should be 
2 | 0.035 Ni, where N, represents the number of teeth or tooth pitches 
spanned by the coil. 
E (c) In the second term inside the bracket in equation (2), 


е P? м 5 . M 
the ratio <- can be transformed into an expression containing 


S 
Р,, as follows: 


E — В, Sı C, R., W. 
108 


< 
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В; = Flux density in armature teeth. 
S; = Section of iron in armature teeth. 
C, = Field form constant (percentage polar area). 
R, = Revolutions per second. 
И”, = Wires in series. 
Se = NT ples, where Т = Width of tooth, and с, = the 
ratio of actual iron to the core width L. 
| P? VP | 
Ав an approximation, Tz, = er (This is a fairly close ap- 


proximation within práctical limits in the usual armature con- 
structions). 


Then, Se= Npc; 2n (5) 


; „ _ В, С, К, И’, Npc Pë 5) 
and А = 4 x 103 ( 


A) 


L 4X IE 
or Ed 


$ В,С,Ю.М.МроР2- 


This can further be condensed as follows: 


И’, = T; апа К, р = 2f 


2E 

V 
L = 10° V, 
Therefore, Е В, С, Nf a РЕГ. 

(d) The expression (1.33 d, + 0.52 + 2.16 s Vn) can be 
modified as follows, 


m Ei - E 4s? 
approx. 


Then, 2.16 sVn = 1.08 Р, approx. 
and, (1.33 d, + 0.52 + 2.16 sVn) = (1.33 d, + 0.52 + 1.08 P) 


Substituting all the above transformations in equation (2) 
we get, 


эу on the basis that Tz, = —- 


_ Kw,f Те 4 | 
Е, = Пу, Е (0.9 + 0.035 N) МР, 
Т C3 V, 108 


+ (1.334, + 0.52 + 1.08 Р) | (3) 


B,C, Мс РЕГ, 


. 
! 
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: E. Vy 10* 
Kw, = ЧЕ 
Pè ВИС 
035 N Y мра TeVe 107 
Б (0.9 +0.035№,) МР? 4- BON aT. (1.334, + 0.52 4- 1.08 P, 


Maximum Kilowatts per Pole. Differentiating (4) to obtain 
P, for maximum Ке, 


T 2 C3 V, 108 


P^Ac, Nf (0.9 + 0.035 №,) = ТВС М 
с t р 5 


(1.33 4, + 0.52) 


Т С; V, 10? 


t -FBC Na 


x 1.08 P, (5) 


If P, in equation (5) could be derived and then substituted 
in equation (4), then for any assumed value of Е. and with the 
other terms given limiting values, an expression for the maximum 
kilowatts per pole could be obtained. The writer has not been 
able to solve this directly in any sufficiently simple manner, 
although a complicated approximate expression can be obtained. 
However, for practical purposes, the solution for'any given con- 
ditions can be obtained by trial methods and the results plotted 
in curves. 

For instance, in equations (4) and (D), the following terms 
may be given limiting values for a given class of machines and 
for а specified voltage. 


T. = Turns per coil. 


€; = End flux constant. 

N = Number of slots per pole. N, = No. of teeth spanned 
by coil. 

сз = Brush short circuit constant. 


Уь = Average volts per bar. 

C, = Field form constant. With max. volts per bar fixed, 
| then V max. X С, = Р,. 

В, = Flux density in tceth. 

€; = Ratio of actual iron width to core width L. 


Also, type of armature winding can be fixed and departure 
from full pitch winding, or amount of chording can be given. 
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There will then remain for any assumed value of E., the terms, 


Kw, = Kilowatts per pole. 


Р, = Tooth pitch. 
f = Cycles per second. 
d, = Depth of armature slot. 


All four of these latter terms are in equation (4), and the last 
three in equation (5). Therefore, assuming the depth of slot, 
equation (5), the values of P, for different frequencies may be 
determined by trial methods. The corresponding values of 
Р,, f and d, can then be substituted in equation (4), and the 
kilowatts per pole thus determined. Tables or curves can then 
be prepared giving the kilowatts per pole for different frequencies 
and for different assumed slot depths. 

A series of such tables have been worked out for a specified 
set of conditions as given below. The assumed limiting con- 
ditions werc as follows: 


Е, = 4.5,—that is, опе turn рег coil parallel type winding 
15 assumed. 

e.m.f. = 600 volts. 

C = 0.68 | 

V, = 14.3. No of commutator bars per pole = 42. No 
compensating winding is used. Therefore, V, 
= >, and max. volts per bar at no load = 
14.3 ; 
0.68 = 21. Allowing 25 per cent increase for 


flux distortion, and increased voltages at times, 
gives 26.3 at full load. 

Сз 1.25 for average constructions. 

C3. = Varies with the number of coils per slot and the aver- 
age number of bars covered by the brush, but as- 
suming 2 bars covered, then C; = 0.4 approx. 
with 1 slot chording, and with either 2 or 3 coils 
per slot. | 


B, — 150,000 lines per sq. in. on the basis of actual iron 
and all flux confined to the iron. 
C; = 0.75. This allows for 90 per cent solid iron and § 


of the total width taken up by air ducts (about 
3” duct for each 2" of laminations). 
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2 
| 


14 
Two cases have been assumed, one with 3 coils 


2 
| 


21 
per slot and 14 slots per pole, and the other with 
2 coils per slot and 21 slots per pole. 
14 Spy per Pole.—Substituting the above values in equations 
(4) and (5), then for 14 slots per pole equation (4) becomes, 


Рг ] 
Кш, = 3167 E.| руу 254, ЕП Е 19 P, ө 
and cquation (5) becomes 

f Pè = 18.36 (2.54, +1) +19Р, - (T) 


Incidentally, equation (6) can be simplified to a certain extent 
by partially combining with equation (7), giving the following 
equation: 


ы г Ро 
РЕ тоз ова FI T р; | m 

Equation (8), of course, can only be used with the values of 
P, determined from equation (T). 

Three values for d, were chosen, 1 in., 1.5 in., and 2 in., which 
cover the practical range of design for large d.-c. generators. 
Frequencies from 5 to 60 cycles were also chosen. The corres- 
ponding values for P, and Aw, are tabulated below. 


TABLE I 
f— 
Cycles dy, = 1” d; = 1.5” d; =2*” 
per sec. 
Г Кир Р, Ku, Pi Кир 
5 2 85 т 670 3.08 in 647 3 255 in 620 
10 2.20 453 2.367 428 2.504 407 
20 1.685 299 1.828 282 1.945 266 
0 | 455 245 1 575 319 1 650 208 
40 1.302 197 1.417 183.5 1.515 173 
50 1.20 173.5 1.305 160 1.395 151.5 
60 1.125 153 1.226 143 1.310 135 


21 Slots Per Pole. Substituting the proper values in equations 
(4) and (5) for 21 slots per pole, and one slot chording, and then 
solving for P, and Kw, for the same slot depths and frequencies, 
the following table is obtained: 


i . + e 
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TABLE II. h | PER 
E "o£ | Е 
[= x i = ds = 2in. ut 5257 25” 
Cycles d; lin. d; 1.5 in 5 А up : | 
рег scc. ; 
Р; Kwp Р; Кир Р; Кир : > 7. : 
es eT eee re 2 t 
5 1.985 in. 576 2.14 in. 542 2.27 in. 515 on. 4 x : 
10 1.53 380 1.56 355 1.77 338 x. Ert 
20 1.185 249 1.29 232 1.36 214 ш ` 
30 1.022 195 1.12 181 1.192 168 
40 0.922 163 1.005 150 1.077 141 - 
50 0.850 142 0 932 131 0.997 123 : | 
60 0.796 126 0 874 117 0.936 110 к) 9 
i 
SYNCHRONOUS CONVERTERS ә А 
Two cases only need be considered, namely 25 and 60 cycles. а ЖК 
For these two cases, more definite limits can be given than for . E 
the above rather general solution for d-c. machines. ED De P 
25 Cycles. Let М = 21, and М, = 20; also, assume two i le ub ECL 50% 
coils per slot for 600 volt machines. JE 5 у 
Са = 1.0. (+. 
C3 = 0.37 Ni : | * ы 
В, - 165,000 EN m 
C, = 0.7 | . 
Then for assumed values for depth of slot of 1 in., 1.5 in., i 
. . > 
and 2 in., and for E, = 4.5, the following values of P, and . | ERE. "e 
. *, c = 
Kw, are obtained: F 
TABLE III. 
Depth of Tooth Kilowatts "ue қ ` lr 
slot. pitch. per pole. ЕЯ у . 2% ү 
њ ” | 
ыш ш Rue 24 э ; Y ncs 
| in 1.09 278 ZEE p . 
15 1 19 257 қ i e 
2 1.275 243 Rr 
60 Cycles. Let N = 15, and М, = 14. Also, assume 3 coils ' ‘ 
per slot for 600 volts. | 
Сә = 1.0 | > > , 
C3 = 0.4 a 
B, = 150.000 T . ; 
C, = 0.66: "RN 
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Then assuming slot depth of 1 in., 1.25 in., and 1.5 in., and 


E, = 4.0, the following values of P, and Kwp result: 
TABLE IV. 
Depth of Tooth Kilowatts 
slot. pitch. per pole. 
1 in 1.14 143 
1.25 1.195 137.5 
1.5 1.24 132 


The above tabulated results agree pretty well with practical 

results obtained in large generators and converters. There are 
sO many possible variations in the limits assumed that only 
general results can be shown. For instance, in Table I, a 
constant limiting induction in the armature teeth of 150,000 
lines per sq. in. is assumed. With low frequencies this can be 
increased, while with frequencies of 50 to 60 cycles, somewhat 
lower inductions will be used. Also, the commutation con- 
stant C; which is dependent upon the number of bars covered 
by the brush is naturally subject to considerable variation. 
' The results obtained are predicated upon parallel types of 
windings and a minimum of one turn per armature coil. If 
types of windings having the equivalent of a fractional number 
of turns per coil less than one, prove to be thoroughly satis- 
factory for large capacity machines, then the above maximum 
capacities can be materially increased. However, accepting 
the results as they stand, the limits of capacity as fixed by 
commutation are in general about as high as other limitations 
will allow. 
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THE MODERN ELECTRIC MINE LOCOMOTIVE 


BY GRAHAM BRIGHT 


ABSTRACT OF PAPER 


The day of the small mine with small equipment is passing, 
and in the future most of the bituminous coal mining will be 
accomplished in larger mines using heavy equipment. The 
demand for larger capacity in equipment has been increasing 
rapidly of late, and owing to the restricted space available for 
the equipment on a mine locomotive, difficulty is being ex- 
perienced in designing equipment to meet the conditions. A 
possible solution of the problem is in providing forced ventila- 
tion for the motors which are of a type that require very little 
ventilation to produce a large increase in the continuous rating. 
This scheme has been tried out on a large locomotive and the 
results indicate that forced ventilation will play a prominent 
part in meeting the extreme severe conditions that are fre- 
quently arising in the mine locomotive field. | 


HIS paper will deal with a particular phase toward which 
some of the new mine locomotives are tending. 

Motors for mine locomotives are rated in the same man- 
ner as the railway motor, that is, the one hour rating with a 
rise of 75 deg. cent. This rating unfortunately does not deter- 
mine the fitness of the motor to meet a certain set of conditions 
in mine service. The mine motor is essentially an entirely 
enclosed motor so that the losses must be dissipated by con- 
duction through the casing. In a locomotive with a box type 
frame, the air about the motor is trapped in, so that very little 
ventilation is obtained. With the open bar type frame the con- 
ditions are not so bad, as considerable ventilation is obtained 
around the motor. 

The continuous rating of a mine motor is generally given at a 
reduced voltage since the average voltage applied te the motor 
in service is.considerably below normal. This rating will 
be found to range from 35 per cent to 50 per cent of the hour 
rating of the motor depending upon the capacity, speed and de- 
sign. It is а much simpler proposition to design a motor to give 
a high one hour rating than it is a high continuous rating. The 
hour rating depends largely upon the amount of material in the 
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motor and consequently its thermal capacity. The continuous 
rating, however, depends upon the distribution of the material, 
the distribution of the losses and the ventilation. The majority 
of mine operators buy motors on the one hour rating, while 
the real capacity of a locomotive for all day service depends 
upon the continuous rating of its motors. For a given set ot 
conditions the root-mean-squared current can be readily de- 
termined from a characteristic motor curve and this root-mean- 
squared current should not exceed the continuous capacity of 
the motor if the motor is not to be overloaded. 

A number of operators and some engineers advocate a rating 
of so many horse power per ton weight of locomotive. This 
method may meet a great many conditions, but at times fails 
utterly. Unless the speed is high, a high horse power per ton 
cannot be utilized owing to the limited adhesion of the wheels. 

The limiting dimensions, weight, gage, and rail, greatlv 
handicap the design of a mine locomotive, and in the last few 
years the operating conditions have become difficult to meet 
owing to the increase in length of haul, weight of cars, and 
number of cars to be handled per trip. Some manufacturers 
have endeavored to meet these conditions bv increasing the one 
hour rating of the motor while manifestly the proper thing to 
do is to increase the continuous rating. 

About a year ago the author had occasion to estimate on a 
24-ton locomotive to meet some very severe conditions. The 
haul was long and the grade against the loads. One manufac- 
turer had three 85-h.p. motors as the maximum available for 
the equipment. According to calculations this equipment was 
not large enough although on a horse power per ton basis it 
seemed amply large (a little over 10 h.p. per ton). A second 
manufacturer offered a 25-ton locomotive equipped with three 
115-h.p. motors. 

The customer decided to try out both kinds and two loco- 
motives of each make were installed. 

The following tests made some time after the locomotives 
were installed clearly indicate that the high one hour rating of 
115 h.p. was obtained at the expense of the continuous rating 
so that the 85 h.p. motor is really the larger of the two. 

Both locomotives were operated in all day service and a 
complete record kept of the cars handled, the grades, the dis- 
tances and the weights. This service was, however, much lighter 
than was originally specified. Table I shows the results of the 
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test made with the locomotive equipped with three 85-h.p. 
motors. | 

The temperatures given are actual temperatures, so that th 
rise indicates that the equipment is working right up to the 
limit and any further load added would shorten the life of the 
motors so that satisfactory service could not be obtained. The 
actual number of cars handled was about 75 per cent of the 
number originally specified. 

Table II shows the results with the 25-ton locomotive using 
three 115-h.p. motors. It will be noted from this table that the 
work done by the 24 ton locomotive was 42 per cent greater 
than the 25 ton locomotive equipped with the larger motors. 


TABLE I—24-TON LOCOMOTIVE 
Equipment, three 85-h.p. 500-volt motors 


Distance Grade Pull in lbs. per саг. Work done in lb-ft. 

ИЕ Rk PE eae E cM Dake NN) (OE PIO ER 
700 0 | 47.5 33,300 
1400 2.5 | 142.5 200,000 
1800 1.0 85.5 153,000 
1600 0.425 63.5 101,100 
2400 2.5 142.5 342,000 
1450 1.1 қ 89.5 130,000 
1750 2.5 142.5 249,000 
1880 1.06 88.0 165,500 
600 3.3 173.0 104.000 
Total..... TT REN 1,477,900 
Total pound miles рег car.... 279 


Total pound miles for 725 cars 202,300 _ 


Aik TEMPERATURE 20 Окс. CENT. à 


Armature Commutator 
No. 1 motor 95 deg. 97 deg. 
No. 3 motor 92 deg. . 97 deg. 


Тһе temperature of the motors оп the 25-ton locomotive will 
average but two degrees lower than that of the motors on the 
24-ton locomotive, showing that although the latter was doing 
42 per cent more work, the temperature of its motor was practi- 
cally the same as on the 25-ton locomotive, whose motors 
are supposed to have 37 per cent greater capacity. No doubt 
some of the increase in actual capacity of the 85-h.p. over the 
115-h.p. motor is due to the fact that the 24-ton locomotive 
is equipped with the open steel bar frame which allows consid- 
erable ventilation around the motor frames, while the 25-ton loco- 
motive is equipped with a slab steel frame which pockets the air 
and permits of very little ventilation. The temperature of one 
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motor of a second 24-ton locomotive, operating at the same time 
and doing about 10 per cent more work than the first, was 
found to have practically the same rise. 

As before stated, the service conditions are becoming more 
severe each vear until conditions are sometimes submitted 
that eannot be met with bv anv of the standard equipments 
from a heating standpoint. Тһе author has had in mind for 
the last few vears that the time is coming when forced ventila- 
tion would be necessarv to meet such cases. Forced ventila- 
tion has been used very successfully for the last nine or ten 
years on large main line locomotives. Аз this particular in- 


TABLE II—25-TON LOCOMOTIVE 
Equipment, three 115-h.p. 550-volt motors 


Distance Grade Pull in lb. per car. Work done in lb-ft. 
700 0 47.5 33.300 
1400 2.5 142.5 200,000 
1800 1.0 85.5 153,000 
1600 0.425 63.5 101,000 
2400 2.5 142.5 342,000 
600 1.1 89.5 54,000 
КОК his eg ИТТЕ 883,300 
Total pound miles рег сат.............. 167 
Total pound miles for 851 саг$.......... 142.000 | 
Aik TEMPERATURE 20 DEG. CENT. 
Armature Commutator 
No, l motor 92 deg. 95 deg. 
No. 3 motor 92 deg. 95 deg. 
Rating of 25-ton іосотойхе............................. 345 h.p. 
Rating of 24-ton locomvotive...... 0... ee ee eee ene 232 h.p. 
Work done by 25-ton іосопойхе......................... 142,000 pound-miles 
Work done by 24-ton іосотпобіхе......................... 202.300 pound-miles 


stallation seemed to be such a case, permission was requested 
of the operating company to allow the manufacturer to install 
a small fan at one end of the locomotives to blow air through a 
duct to be so mounted that air could be delivered to the rear 
end of each motor. The commutator lid was raised around 
the edges a small amount to permit the air to escape. From 
200 to 300 cu.ft. of air per minute was supplied to each motor. 
The motor driving the fan required about one h.p. 

Before installing the fan in the locomotive a test was made 
on a single motor mounted on the test floor at the factory. 
The result of the test showed that with about 300 cu. ft. of 
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air per minute passing through the motor the continuous rat- 
ing could be nearly doubled. Since the continuous rating of 
a large slow-speed motor of this type without ventilation is 
only about 40 per cent of the one hour rating it will be seen that 
with ventilation this continuous rating is still considerably 
below the one hour rating. 

Owing to the dusty condition of the minc it was thought 
that trouble would be experienced by the motors beiny filled 
with dirt. During the heavy pull when bringing the trip out 
a great deal of dust is raised and the operators decided to run 
the fan only while the locomotive was going in with the empty 
trip. 

The results have been surprising both in regard to tempera- 
ture rise and the condition of the motors. 

Table III shows the result of a test made by the operating 


TABLE III 
Three 85-h.p. Three 115-һ.р. 
motors motors 

Mine air at beginning of test................... 25 deg. cent. 25 deg. cent. 
Motor {гате................................. 35 “ 35 s 
Motor агтаїцге.............................. 42 ш 42 ^ 
Mine air at end оҒдау........................ 25 5 25 s 
Motor frame at end оҒдау.................... 75 ы 93 Ж 

е 121 “ 


Motor armature at end оҒдау................. 97 


company on the locomotive with blower, and a locomotive 
equipped with 115-h.p. motors without a blower. The load 
conditions were much more severe than on the original test 
and the latter locomotive was doing about 5 per cent more 
work than the former. 

The results shown in Table III were obtained with the fan 
on the 24-ton locomotive operating condiserably less than 50 
per cent of the time. Ап inspection of the inside of the motors 
showed that they were much cleaner than the ones not using 


forced ventilation. The results of the tests show conclusively | 


that the increased capacities that are being demanded can 
be economically met by the use of forced ventilation with 
standard motors if these motors are properly designed. 
This will prove quite a saving to the operators, since without 
forced ventilation new and expensive motors would have to 


be Бе signed. 
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[t is the intention now to install a blowing equipment on the 
other 24-ton locomotive and on both locomotives equipped with 
115-h.p. motors. It is not probable that the 115-h.p. motor will 
receive as much benefit from forced ventilation as the 85-h.p. 
motor, due to the fact that the armature of the 85-h.p. motor 
is furnished with ventilating slots while the 115-h.p. motor 1$ not. 

Fig. 1 is an illustration of the 24-ton locomotive, and with 
its ventilating equipment it has a greater capacity than any 
other mine locomotive yet built. 


To be presented at the Panama- Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17,1915. 
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ABNORMAL VOLTAGES IN TRANSFORMERS 


BY J. MURRAY WEED 


ABSTRACT OF PAPER 


This paper deals with the clectrical behavior of transformer 
windings when subjected to steep wave fronts апа high-fre 
quency wave trains. The dependance of the internal voltages 
produced, upon the distribution of capacity with the induct- 
ance of the winding is discussed. 

Practical windings are divided into two general classes, one 
in which inductance and capacity are practically uniformly 
distributed, and the other in which the capacity is more or less 
concentrated at certain points, with relatively concentrated 
portions of inductance intervening. 

Neglecting the effects of the high frequency dielectric losses 
in the insulation at high frequency, distinct mathematical an- 
alysis is given to these two classes of winding to determine the 
ratios of the internal voltages to the voltage of the external 
wave or wave train. The resulting internal voltage distribu- 
tions are plotted for various frequencies, and curves are plotted 
for the relations of maximum internal voltages to frequency. 
These curves show that some frequencies are dangerous, while 
others are not, but it can not be said that one of these types of 
winding is better than the other from the standpoint of the 
possibility of excessive internal voltages. 

The analysis is by no means complete, but an examination 
is made of the facts and fundamental principles involved which 
will enable us to insulate for and guard against excessive internal 
voltages in a more scientific manner. 


ROM THE first use of transformers, the occurrence of 
excessive voltages between adjacent turns or sections of 

the same winding, as a result of switching, sparking discharges 
or lightning, forced itself upon our attention by its results in 
punctured insulation. In the early stages of development, 
the effort was only to insulate adjacent turns and coils from 
each other in a manner to give a satisfactory factor of safety 
for the calculated transformer voltages, and lightning arresters 


were developed for protection from excessive external voltages. 


It was found, however, that breaks between turns—usually the 
end turns of the winding—were altogether too frequent. It 
was then recognized that a sudden application of voltage, or 
sudden change of voltage, at the transformer terminals, would 
not instantly distribute itself throughout the winding, but was 
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more or less concentrated at the first instant across the end 
turns. It was seen that this condition was not remedied 
by lightning arresters, and the use of extra end turn insulation 
came into vogue. Also the practise of connecting choke coils 
between the transformer winding and the line. 

some very lively discussions occurred as to the relative 
merits of external inductance and end-turn insulation. Rec- 
ommendations were made as to the amount of inductance 
necessary, on the one hand, and, on the other, for the portion 
of the winding requiring extra insulation. But with increased 
experience it was found that the protection afforded by an external 
inductance in many cases did not eliminate the necessity for extra 
turn insulation. Also that with extra end turn insulation more fre- 
quent breaks occurred further in from the ends, and, in fact, the ex- 
tra insulation on the end turns was itself occasionally subject to 
failure. То meet the requirements for safety, as indicated by ex- 
perience, this insulation has been gradually increased, and 
gradually extended further from the ends, until at present 
many larye high voltage transformers have what might be called 
re-enforced turn insulation throughout. Where a factor of 
four, for instance, applied to normal voltages to ground, gives 
ample strength for the major insulation between the high- 
voltage winding and the low-voltage winding and core, a factor 
of from 50 to 100 times as great is used in these transformers 
with respect to the insulation between turns. Thus, this in- 
sulation has a strength several hundred times as great as the 
normal ratio voltage between turns. 

In this matter of internal insulation, experience has been 
a tedious and a costly teacher. When failure has occurred, 
the cause was often so uncertain as to leave doubts as to the 
merits of the case. There were so many causes to which the 
difficulty might be ascribed, such as dirt, moisture and faulty 
construction or abnormal operation, that a number of failures 
were required to convince the designers that more insulation 
was needed, or that the design should be modified. Moreover 
it has been necessary throughout for the designer to entertain 
considerations not only of safety, but also of economy. Up 
to the present, however, he has been handicapped in his efforts 
to properly adjust these contending considerations by the 
lack of adequate physical conceptions; first, of the nature and 
extent of the disturbances from which external protection can- 
not reasonably be expected; and second, of the electrical be- 
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havior of the windings themselves when subjected to these 
disturbances. These questions have been the subject of special 
investigation, with the result that a new epoch in transformer 
design has been initiated, based upon a better knowledge of 
the physics involved. The present paper deals only with the 
second question, no consideration being given to the severity 
of the disturbances which may occur 11 practise. 

Our consideration of the nature of the effects produced will 
be based upon two classes of disturbances, which are typical; 
namely, the high-frequency wave train and the abrupt wave 
front. If we consider the effects of sheer wave fronts, or volt- 
age changes of given amplitude which are absolutely sudden, 
and of wave trains which are sustained with uniform amplitude, 
we will have considered conditions which are worse in these 
respects than the worst which occur in practise. These con- 
siderations will, however, show us the nature of the results 
which may occur in practise, and mathematical discussion 1s 
more easily based upon these extreme conditions. 

Transformer windings are ordinarily thought of merely as 
large inductances. In reality, they contain a rather large 
amount of capacity distributed in different ways depending 
upon the type and arrangement of the winding. For ordinary 
normal operating frequencies, in a steady state, the effect of 
capacity is negligible, and the winding acts like a simple con- 
centrated inductance, with voltage uniformly distributed. At 
high frequencies, however, or when a sudden voltage is impressed, 
the effect of capacity in disturbing this voltage distribution 
becomes important. This is due to the fact that at high fre- 
quencies, conditions of resonance are reached for the various 
combinations of inductance and capacity. This action will be 
understood when we consider certain typical combinations. 

Considering first the effect of an alternating voltage im- 
pressed upon an inductance and a capacity in parallel; the cur- 
rent taken by the capacity, with constant voltage, 1s directly 
proportional to the frequency, while the current taken by the 
inductance is inversely proportional thereto. The frequency 
at which these currents are equal is called the resonant fre- 
quency for this combination. The direction of these currents 
with respect to the external circuit, or source of impressed 
voltage, are opposed to each other, so that this combination 
takes no resultant current from the external circuit at its reso- 
nant frequency, however high the voltage may be. It there- 
Íore acts, under these conditions, like an, open circuit. 
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At frequencies below the resonant frequency for this com- 
bination, the resultant current will be the excess of that taken 
by the inductance over that taken by the capacity, while at 
frequencies above the resonant frequency, the resultant current 
will be the excess of that taken by the capacity over that taken 
bv the inductance. Thus, so far as the external circuit is con- 
cerned, this combination acts like an inductance at frequencies 
below its resonant frequency, and like a capacity at frequencies 
above its resonant frequency. 

If, now, we have two parallel arrangements of inductance and 
capac ty, in series with each other, the resonant frequency of the 
two arrangements being different, the action, at frequencies 
between these resonant frequencies, so far as the voltages across 
the individual arrangements and the current in the external 
circuit are concerned, is the same as with an inductance and a 
capacity in scrics. 

Considering the effect of the impressed alternating voltage 
upon an i:ductance and a capacity in series, we find the same 
current in both, while the voltages across the inductance and 
the capacity are in opposition to each other. The voltage im- 
pressed upon the combination is the resultant, or the arithmetic 
difference between these two voltages. With constant current 
in this circuit, the voltage across the inductance is proportional 
to the frequency, while that across the capacity is inversely pro- 
portional to it. The resonant frequency is that frequency at 
which these voltages аге equal to each other. With any finite 
voltage across the combination it is seen that the resonant fre- 
quency would result in infinite voltages across the separate 
elements of inductance and capacity, except for the effects of 
losses which exist within the inductance and capacity, which 
will not be described here. The current, however, which 
can be supplied by the generator or the line, is limited, and 
since the voltages across the inductance and the capacity are 
fixed by the current, the resultant of these two equal and,opposite 
finite voltages would be zero. This combination, at its resonant 
frequency, acts therefore like a short circuit. At frequencies 
lower than the resonant frequency for this combination, the 
voltage across the capacity will be greater than that across the 
inductance, while at frequencies higher than the resonant fre- 
quency, the voltage across the inductance will be greater. This 
combination will therefore act like a capacity at frequencies 
bclow its resonant frequency, and like an inductance at frequen- 
cics above;that frequency. 
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In various types of windings, as stated above, we find capacity. 


distributed with the inductance in various wavs. There 15 not 
only capacity to ground, as represented in transformers Бу the 
core and case, but also capacity between parts of the winding, 
and in transformers capacity to the oppostte winding. The 
capacities between portions of the same winding are capacities 
in parallel with the inductances of those portions. Also the 
capacities to ground, in the case of a winding which possesses 
а fixed ground or definite neutral point, are in parallel with the 
inductances between the points where the capacities are located 
and the ground or neutral point. We have, therefore, various 
parallel combinations of inductance and capacitv in serics 
with various other such combinations, which gives opportunitics 
for resonance and excessive internal voltages at various points 
within the winding, occurring respectively at different frequen- 
cies. 

We will now consider the effects of a sudden or abrupt voltage 
impressed upon typical combinations of inductance апа 
capacity. In the case of a simple capacity, the current at the 
first instant is limited only by the external or supply circuit. 
Since current cannot be built up instantly in supply circuits 
which we have to consider, on account of their inductance, the 
voltage across the condenser will start at zero, at the first instant, 
and as the condenser becomes charged it will build up to the full 
value, and current will cease. At the first instant it acts like 
а short circuit, but in its final state like an open circuit. 

With a simple inductance, the action will be just the reverse 
of that with the capacity. The current, at the first instant, 
will be zero, with the full value of voltage, but ultimately the 
current is limited by the supply circuit only, and the voltage 
across the inductance is zero. At the first instant the inductance 
acts like an open circuit, but in its final state like a short circuit. 

With an inductance and capacity in parallel, the combina- 
tion acts like a short circuit, at the first instant, дис to the 
presence of the condenser, and in its final state, Ц acts like a 
short circuit, due to the presence of the inductance. During 
the intermediate period a certain voltage will grow, and then 
disappear, due to the combined action of the capacity and thc 
inductance, but this voltage will never reach the value which 
would appear with an open circuit, since current exists during 
this period in both the inductance and thc capacity. 

With an inductance and capacity in series, the combination 


—e qt ^ . 


1626 WEED: TRANSFORMER CONNECTIONS [Sept. 17 


acts hke an open circuit, both at the first instant, because current 
cannot flow instantly through the inductance, and in its final 
state, because current cannot flow continuously through the 
capacity. At the first instant, the total voltage is across the 
inductance, while’ in the final condition, it is all across the 
capacity. During the interval between the first instant and the 
final condition, an oscillation takes place, with a maximum 
voltage across the inductance equal to the impressed voltage, 
and a maximum voltage across the capacity of double that value. 

A combination such as is found in windings, as described above; 
namely, various parallel arrangements of inductance and capacity 
in series with other parallel arrangements, will act like a short cir- 
cuit at the first instant, on account of the existence of the series 
of condensers across the entire combination. It will also act like 
a short circuit in its final state, on account of the series of induc- 
tances. During the intermediate period, the voltage across 
the combination will grow and then disappear їп a manner 
similar to that mentioned above for a single inductance in parallel 
with a single capacity. If the various capacity units in this 
arrangement are in inverse proportion with the respective in- 
ductance units with which they are in parallel, the voltage 
will at all times be uniformly distributed throughout the induc- 
tance. That is, the voltage across the various inductance units 
will be proportional to the respective amounts of inductance, 
andin inverse proportion to the amounts of capacity. This 
result is produced with a current flowing through the series of 
inductances, with the same value in all, and another distinct 
current flowing through the series of condensers, with the same 
value in all. 

If the capacities and inductances are not in the proportions 
specified above, the uniform distribution of voltage will not exist, 
but oscillatory disturbances will be set up which are similar in 
a general way to those produced by the capacity and inductance 
in series, due to the fact that, since currents canrtot flow at the 
same time through the inductances with the same value in all 
and through the condensers with the same value in all, currents 
which flow through inductance in one part of the combination 
must flow through capacity in another part. The exact nature 
of the oscillation produced depends upon the particular com- 
bination of inductance and capacity which is found, and would 
need investigation for the particular case. 

If consecutive voltages, or changes in voltage, be impressed 
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upon the combination of inductance and capacity found in a 


winding, the resulting oscillations are superposed upon each 
other. It is clear, therefore, that excessive voltages may be 
built up by a series of such voltage changes or wave fronts, 
occurring at intervals corresponding to a resonant frequency 
of the particular combination of inductance and capacity. 
Such a series of waves would, in fact, constitute a wave train 
of the resonant frequency for this combination. 

While the distribution of capacity with inductance in trans- 
former windings is ordinarily too complicated to be accurately 
expressed in simple terms for mathematical analysis, yet wind- 
ings may be divided into two general classes, which are roughly 
represented by simple typical arrangements, and an investiga- 
tion of the behavior of these simplified arrangements of in- 
ductance and capacity will give us a very satisfactory con- 
ception of the behavior of the two types of windings. We will 
now proceed to investigate in some detail these two classes of 
windings, which are: 

1. Windings in which inductance and capacity are practically 
uniformly distributed. 

2. Windings in which the capacity is more or less concen- 
trated and localized at certain places in the winding, the in- 
tervening portions of the winding constituting relatively con- 
centrated inductances. 

There is no definite line of division between these two classes, 
since, if the individual portions of inductance and capacity 
are relatively small, and the frequency relatively low, the 
latter type of winding will act like the former type, in accord- 
ance with the principle by which a telephone line loaded with 
inductance coils at sufficiently frequent intervals acts like a 
line with uniformly distributed inductance with respect to tele- 
phone currents, which have a wave length sufficiently great 
that several of the loading coils occur within the length of a 
half wave in the line. The classification as to behavior of any 
given winding depends, therefore, upon the frequency of the 
disturbance that is considered. 

A winding consisting of a single cylindrical layer is the simp- 
lest example of the first type mentioned above, while the second 
is represented by a winding consisting of groups of pancake 
coils interlaced with the coils of a low-voltage winding, which 
will here be considered as ground. We will first consider the 
behavior of: 
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Windings with Inductance and Capacity Uniformly Dis- 
tributed. A wave arriving from the line at the terminals of a 
winding of this type will be partially reflected апа partially 
propagated into and through the winding. Ц will produce no 
internal oscillation, but will merely pass along the winding, 
with velocity. reduced and voltage increased from those found 
in the line. The tendency of both of these effects is tp produce 
a steeper wave front т the winding than that found in the line, 
with correspondingly large transient voltages between turns. 
If the wave front is steep, however, there is, on the other hand, 
a very important opposite tendency to reduce the voltages 
between turns due to the capacity between turns. 

If we consider, for instance, the effect of a sheer wave front 

arriving at the terminals of such a winding, the distribution 
of voltage, at the first instant, will depend upon the distri- 
bution of capacity from the first turn to ground, Referring 
to Fig. 1, which represents the | 
type of winding considered, it LIT 76 ААЙ! 7% ЖАД 
is seen that this capacity 15 
represented by a serics of con- pror 
densers between adjacent turns, 
with the capacity of each turn Diagram of rs TET 
to ground shunting the part of in winding with uniformly distributed 
the system beyond that turn, Р" 
This combination of capacities is the same as that investigated 
by Mr. F. W. Peek, in his paper on “ Electrical Characteristics 
of the Suspension Insulator,” TRANSACTIONS of A.I.E.E., Vol. 31, 
Part I, pages 907-930. If the capacities between turns are 
large as compared with the capacities of the individual turns 
to ground, and this is the condition found in practise, the total 
voltage, at the first instant, is distributed by the action of the 
system of condensers over a considerable number of turns. 
Although the maximum voltage will be found on the first turn, 
this will be a small percentage of the total voltage, and smaller, 
the larger the capacities from turn to turn. This indicates a 
disadvantage of extra end-turn insulation, which reduces the 
capacity between turns, and thereby increases the transient 
voltages which may occur between turns. 

The waves entering this winding will traverse it and be re- 
flected in it in much the same manner as in a transmission line. 
A reflection point corresponding to the closed end of a line 
will be found at the middle of the winding for single-phase or 
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delta-connected transformers, with conjugate half waves arriv- 
ing at opposite terminals at the same time, or at the further 
end for Y-connected transformers with grounded neutral. А 
reflection point corresponding to the open end of a line will 
be found at the middle of the winding for single-phase or delta- 
connected transformers with half waves of the same. polarity 
arriving at opposite terminals at the same time. ` 

With a wave train of given frequency entering the windings 


the position and character of the reflection point fixes the loca- . 


tion of the nodes of the resulting standing wave train. Neglect- 
ing the effect of internal losses, this also determines the ratio 
of the resulting internal voltages to those existing in the line. 
This relation is illustrated in Figs. 24, 2B and 2c, which repre- 
sent standing waves of voltage in the winding in their relations 


Line y ——4 A 
| Е 
| 
Line y f 
һ 5 
№ L 
| EE | 
| [32 | 
| n 
a 
Uu — — Ey | : | 
Fic. 24 Fic. 2p ` Fic. 2c 


Standing waves of voltage in winding with uniformly distributed capacity. as 


related to standing waves in the linc, for different values of и 7 =10. 


to the standing waves in the line. ‘Referring to these figures, 
we call the maximum value of voltage in the line Ёл, and that in 
the winding Е,. The length of the winding from the entrance 
to the reflection point is y, and the wave length within the wind- 
ing A. Then, from the figures, we derive the equation 


E: 1 
Е, ee | 
м sin? 2 т + + (2) cos? 27 > (1) 
9 


E here Z,, and Z, are the wave impedances respectively of the 
mes and the winding. 2, апа 7» are further defined by the equa- 


tion Z, = A a and Z, = / A where L, and С, are гезрес- 
1 2 


“т. 
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tively the inductance and the capacity per unit length of the line, 
and L; and C; the effective inductance and the effective capacity 
per unit length of the winding. This equation is derived as 
follows: 

The number of wave lengths between the reflection node and 


the entrance to the winding is x , and a is the fraction of a wave 


. length between the entrance and what would be the next node 


of same character as the reflection node, if the line were continu- 
ous. Let E and J be the voltage and current at the entrance, 
which are common to the line and the winding. Then, remem- 
bering that voltage nodes are current antinodes, and vice versa, 
we may write 


E = Е, sin 2т x = Е, sina (2) 
and 
I = I,cos 2m Š = hcosa . (3) 
or, since Ic = and I, = 2: т (4) 
E» | y E, 
jam Soe ue | 
7, cos 2т + z, cos a 


whence, by the relation cos = У 1 — sin?, we have 


2 


| E» 21 у) | 
2 => БЕ Ж. 
sin? а = 1 (Ez ыы: | (5) 


From (2) we have 


E; _ sna 


E, sin 2 п (6) 


А 


*Sce discussion on “Some Simple Examples of Transmission Line 
Surges," page 1641 of A.I.E.E. PROCEEDINGS, October, 1914. 
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Substituting sin a from (B) and simplifying, we get equation 
(1). | 
The way in which the internal voltages build up to the values 
shown in the figures and represented by equation (1) 1s explained 
as follows: With respect to the first wave of a traveling wave 
train, the transformer winding will act practically as open circuit 
to the line, regardless of the length of y, on account of the small 
amount of current admitted. That is, a voltage antinode and 


current node will be produced in the line at the entrance. Соп- 


1o 


№ 


Voltage (Ej as unit) 


o 


ол 2 3 4 
5 6 т 8 .9 10 
v 
X A constant) 
Fic. З 
Maximum voltage in wind- 
ing with uniformly distributed 
Capacity, as affected by the 
ratio of winding length to 
У. | 
wave length, rx: in terms of 
the maximum standing wave 
voltage in the line. Plotted 
; a Z 
from equation (1), with 7, 
2 
= 10. 


centrating our attention upon figure 2B 
with y = А. 
reflection will produce a voltage node 
at the entrance. The succeeding маус 
will therefore find as free admission 
as the first, and its current will be 
superposed upon that of the internal 
standing wave already produced. This 
process will continue, admitting more 
and more current from the line with 


we find that the internal 


‘ each succeeding wave, until the cur- 


rent node found at first in the line at 
the entrance becomes an antinode, while 
the voltage antinode is reduced to a nodc. 

For the particular case represented by 
figure 2B, which gives the maximum in- 


ternal voltage, since y= 1/2 А, equation (1) simplifies to the form 


Е. 
E, 


> 


63. заны ШӘ) (7) 
2 


The current іп the winding is the same as the current in the line 
and the voltages are proportional to the respective wave impe- 
dances. Equation (7) holds for values of y such that y=1/2 A or 


any multiple thereof. 


The maximum internal voltage which could be produced is 
plotted in Fig. 3 in terms of the external standing wave voltage 


E, for the ratio 228 
21 


10, with y varying between 0 and $ А. 


This curve repeats itself for the ranges of y between $ ^ and А, 
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between A and 11 А, ete. The minimum value for these volt- 
ages found for y equal 1 À or any odd multiple thereof, is 


Ез 
Ei 


= 1 (for y = 1/4 X) (8) 


It 15 worthv of note that for values off varying between 0 


and 1, 3 and 3, etc., the current taken by the winding from thc 
line lags 90 deg. in time behind the voltage at the transformer 
terminals, whereas for values between } and $, 3 and 1, etc., the 
current leads the voltage by 90 deg. That is, in the former cases 
the winding acts like an inductance, and in the latter like a 
capacity. 

It should be noted, that, though the wave lengths as repre- 
sented in the figures are the same in the winding as in the line, 
this is not true in ordinary linear measure. The linear relation 
between wave lengths is found as follows: The relation between 
frequency, velocity and wave length 1s 


0 
Г = X | | (9) 
where the velocity is 
| 
р: л (10) 
VLC 


and L and C are the inductance and the capacity per unit length 

of the circuit. Since the frequency is the same for the line and 

the winding, using the subscripts 1 and 2 for the line and the 

winding respectively, we have 

Аз X VEG ^ | (11) 
У Г.С: 


The effect of frequency upon the internal voltages will become 
more obvious if we substitute in equation (1) the value of A 
in terms of frequency, and inductance and capacity per unit 
length of the winding. This is 


1 


= тус ve 
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The substitution vives 


Е, ` | 1 


Е VAN Aun аа 
зіп 2a f y V Ly Cot (2) со T f y V Ls Cs (13) 
We must still consider, moreover, the effects of frequency upon 
Г. and С», since, at high frequencies, the effective inductance 
and the effective capacity per unit length of the winding arc 
affected by the frequency. 

The turn to turn capacity between positive and negative half 
waves becomes important at high frequencies, on account of the 
proximity of the half waves. This capacity has the same effect 
upon velocity, wave length, wave impedance and voltage as twice 
the same amount of capacity to ground, and must therefore be 
added to the capacity to ground at double value. 

The increase in total effective capacity per unit length with 
increased frequency, duc to this cause, is all the greater on ac- 
count of its reflex action. By reducing the velocity of propaga- 
tion, it brings the half waves still closer together, with consequent 
further increasc 1n effective capacity. 

On the other hand, the effective inductance per unit length of 
the winding will be reduced by increased frequency. Thisis duc 
to the fact that the part of the winding which acts as a unit with 
respect to inductance is reduced by the shorter wave length. 
This effect is illustrated Бу Nagaoka's table of correction factors 
for inductance calculated for a single laver coil by the formula 
for a long solenoid. This table, given in “ Calculation of Alter- 
nating Current Problems " by Cohen, pages 80 and 81, gives 
correction factors varying from unity for the infinitely long sole- 
noid to 0.2 for a coil of length 0.1 as great as its diamcter. 

This reduction in inductance with increased frequency will 
tend to neutralize the effect of increased capacity upon the 
velocity of propagation, but augments its effect upon the wave 
impedance of the winding. If we assume that the factor by 
which the capacity is increased is the same as the factor by which 
the inductance is decreased, the sine and cosine terms in equation 
(13) will not be affected, the only effect upon the internal volt- 


ages due to the variations in capacity and inductance with fre- 
2 


quency being that which appears in the factor (2) ‚ which may 
2 


С» 


be written Z, L. 
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Where L, and C, are the total inductance and capacity of the 
winding measuréd at normal operating frequency, if we assume 


that the wave impedance of the winding 15 у for the fre- 
w 


1 
У Lv Cw 
winding, and if we assume further that, due to the changes in 
inductance and capacity, the wave impedance 1$ inversely pro- 
portional to the square root of the frequency,* we may write, for 
any frequency, 


quency f = , which gives a $ wave length within the 


L: 1 Lw 


Ce PN = “(4 
2 С: 2 f vL. Ca Co ( ) 
We have also, when у is the total length of the winding 
y УГ: Сз = VL, Co (16a) 
and when y is $ of the length of the winding 
у VL: С: = жып ER (15b) 


Substituting (14) and (16a) in (13) wc obtain 


RENE: == ® 
ee о л л = 


М віп 2r f VET, + сот f VL, б, 


or from (14) and (16Ъ) 


By _ 1 
Wp Пе TU IRI м ee 
' М sin? m у УС RENTES cos? T f V Ls Cw 


(16b) 


The internal voltages in terms of the line voltage, in accord- 


"This is equivalent -to the assumption that Ls is inversely and Ce 
directly proportional to the square root of the frequency. 


BEND MU x lll -—————— 
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ance with equations (16), are plotted in Fig. 4, for the assumed 
values of 


Z, = 490 ohms 
Cy = 0.00248 mf. 
Ly, = 0.175 henrys 


The effects:of losses within the transformer winding were not 
taken into account in the above derivations. The dielectric 
losses at high frequency and high voltage are high, and cause а 
rapid damping of the entering wave train as it traverses the wind- 
ing. The outgoing wave being smaller than the incoming one, 
this gives a combination of traveling waves and standing waves, 


(а) у • full winding. 
(b) y * half winding. 


Voltage (Е, as unit) 


0 10 20 30 40 50 60 70 


~ 


Kilocycles 
Fic. 4 


Effect of frequency upon the maximum voltage in winding with umformly dis- 
tributed capacity, in terms of the maximum standing wave voltage in the line. 
Plotted from equation (16b), with Zi = 490 ohms, Ly = 0.175 henry and Су 
= 0.00248 m.f. 


the standing waves being smaller the greater the damping. 
This not only prevents the internal voltages from building so 
high, but throws them out of phase with each other. With a 
true standing wave train, all voltages are in the same time phase, 
and either- add or subtract numerically, but voltages measured 
between points equally distant in the winding have every value 
from zero to maximum. With a pure undamped traveling wave, 
the same voltage may be measured between points equally 
distant in the winding, but all phase relations are found. With 
traveling waves superposed upon standing waves, we find both 
varying voltages and varying phase relations between equidistant 
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points. This is what we will expect to find in a transformer 
winding of this tvpe, the voltages being most nearly in phase 
near the node of reflection, where the standing waves predominate 
and furthest out of phase, but almost nearly equal, between 
equidistant points near the entrance, where the traveling wave 
component is maximum. 

Winding With Capacity More or Less Concentrated and Local- 
ised, А winding consisting of groups of pancake coils inter- 
laced with a low-voltage windiny is represented by the simplified 
arrangement of capacity and inductance in Fig. 5. If the middle 
of this winding 1s grounded, or a neutral point, the middle capac- 
ity Сз 15 short circuited. Neglecting the capacities C, and С», 
adjacent to the line, which exist also with the winding with 
distributed capacity considered above, and also neglecting the 
turn-to-turn and coil-to-coil capacities, which are in parallel 
with the respective inductances, we will consider a disturbance 


L1 Lo L3 14 
5 Е 5 Ce L c 7” C4 > C5 
Ground , 
ГЕ; 


Я Fic. 5 


Diagram of capacity and inductance іп winding: with localized. capacity. 


entering this winding from one end. We find between the line 
and neutral, or ground, the inductance Liin series with the paral- 
lel arrangement of inductance Ly, and capacity С». Any other 
location of neutral point or ground, as with one end of the wind- 
ing grounded, will give a more complicated arrangement of 
inductance and capacity between this point and the line. The 
behavior of such combinations is, however, based upon the same 
principles as those which we will consider in detail in connection 
with this most simple arrangement. 

Ап impulse or wave of sufficiently short duration impinging 
upon this combination would be practically unfelt beyond the 
inductance Ly, since the current іп the inductance would be zero 
at the first instant, and current must flow to charge the capacity 
Сэ. If the inductances and capacities were distinct concentrated 
quantitics, as assumed, the voltage of this wave would be uni- 
formly distributed between the turns of inductances L,. There 
is, however, a certain amount of capacity to ground distributed 
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with the inductance. In fact, a large part of the capacities 
shown concentrated in the figure are distributed near the ends of 
the inductances. This would effect the concentration of the 
voltage of an abrupt wave front over a very small number of 
turns, and in the ultimate conceivable limit, with a perfectly 
sheer wave front, over a single turn, if it were not for the fact 
that we have also capacities between turns. As in the winding 
already considered, these capacities between turns always effect 
. the distribution of an abrupt voltage over a considerable number 
of turns, the voltage between adjacent turns being smaller, the 
larger the capacity between turns. 


Line ц 12 шығын 
Ce 
віжу ё 
| 


у | 


Time in ИЙ 
Fic. 6 


Voltage oscillations set up Бу a traveling wave with abrupt front, in a winding with 
capacity localized as shown in the sketch. Plotted from equations (36а) and (37а), 
with Zi = 490 ohms, Li = L: = 0.1 henry and C: = 0.0005 m f. 


With a wave of considerable duration, an oscillation is pro- 
duced, which is investigated mathematically in ап appendix 
to this paper, the resulting voltages across L, and 1; being plotted 
in Fig. 6 for the values Lı = Ls = 0.1 henry, С. = 0.0005 mf. 
and Z, — 490 ohms. 

If a wave of opposite polarity from the first one appears at the 
terminals of the winding at the end of the first or any odd num- 
bered half cycle of the oscillation due to the first wave front 
shown in Fig. 6, a new oscillation will be superposed upon the 
first one in phase with it, with a corresponding increase in am- 
plitude. With no damping in the winding, the amplitude of the 
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voltages which might be built up in this manner by a succession 
of wave fronts of opposite polarity, so timed as to be in resonance 
with the oscillations of the winding, depends upon the current 
supplied by the line. The reflection of the first wave at the 
transformer terminal produces a voltage antinode and current 
node at the entrance of the winding. As the resonant voltages 
build up across the parts of the winding, the high frequency 
current taken by the winding increases, gradually changing the 
voltage antinode and current node at the entrance to a voltage 
node and current antinode. This supplies the maximum current 
which can be delivered by the line and consequently limits the 
resonant voltages produced. 

The frequency of the oscillations expressed in equations (36) 
and (37) of the appendix, and represented in Fig. 6, at which 
resonant voltages may be built up as described above, is the 
same as the frequency of resonance which would be calculated 
from the ordinary impedance equations. Thus, for the parallel 
combination of Le and Со, at frequencies above its resonant fre- 
quency, the equivalent capacity impedance is (writing w for 


2 T f). 


E ncs rcc ЖЕ 
10 C' i 1 - u^ L» C» —] (17) 
w С — 


w L? 


This equivalent capacity resonates with the series inductance Lı 
at a frequency giving 


| | 
L| S ocr (18) 


and from equations (17) and (18) we obtain 


Мы (19) 
Bii: 


40 


Or, when Lı = L: dropping subscripts 


uA. Es (20) 
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This is the value of c in equations (36b) and (37b) as shown in 
(36а) and (37a) of the appendix, and the frequency found in the 
oscillations of Fig. 6 is 


(21) 


Assuming that Lı, Lz and С» are not affected by frequency, 
and neglecting the internal losses of the winding, we may cal- 
culate the maximum voltages which would be produced by a 
sustained wave train of anv frequency. As with the winding 
with uniformly distributed capacity, we will call maximum stand- 
ing wave voltage and current in the line Е, and J, and voltage 
and current at the entrance of the winding E and Г. Аз т 
equations (2) and (3) 


— 


Е 


Еу sin a (22) 
and 


I = Іі соза (23) 


“а” being the fraction of а wave length in the line from the en- 
trance of the winding to what would be a nodal point corres- 
ponding to a short circuited line. In the winding the voltage 
Е must force the current J through the impedance | 


< wLa 
wl, + 1 —wL.c,’ SO that 
+ _ 21, ) 
EI (vL: я (24) 
Substituting (22) and (23) this gives 
E, sina = 1, cos a (wL + Doe) (25) 
Е ІТ 1-w GL 


whence 
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Having found a, the voltages across L, and Le are 


Е, = 1, cos a wL, (max. value) (27) 


and 
wLa 
1 — w? Le С. 
Or, in terms of the maximum voltage in 
the line, 


Е,, = 1, cos а 


Ку T wy, 
E “ОСУ, cos a (29) 
and 
Ei, wLa 


E = Danek И.С) cosa (30) 


The gradient of maximum instan- 
taneous voltage within the winding, 
and the standing wave voltage in the 
line, in accordance with equations (26), 
(29) and (30), are shown in Fig. 7 for 
the values 


Z, = 490 ohms 
L, = L4 = 0.1 henry 
С, = 0.0005 mf. 


and for various values of frequency 
selected with view to illustrating. its 
effect upon internal voltages. Li, Le 
and С. are assumed to be constant 
independent values (not affected by 
frequency). А feature of incidental 
interest appears in the location of the 
voltage node (current antinode) in the 
line with respect to the entrance to the 
winding. 

Ме find the voltage antinode'exact- 


(max. value) (28) 


Fic. 7 

Voltages in winding with 
capacity localized as shown, а$ 
related to the standing waves in 
the line. for different frequen- 
cies. Calculated from equations 
(29) and (80), with Zi = 490 
ohms, Li = Ls = 0.1 henry and 
С: = 0.0005 mf. 


ly at the entrance to the winding at the frequency at which L2 
and С; аге in resonance with each other. This, for the value 


of inductance and capacity used, is 


1 


ие 


= 22,500 cycles. 
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Below this frequency this parallel combination acts like an in- 
ductance, of value increasing as the frequency increases and 
reaching infinity 


wL 9 201, 


1 иш W 12 c, 0 


= x (31) 


at this resonant frequency. Above this frequency it acts like 
a capacity,.of value increasing from zero at resonant frequency 
to the limiting value Сз at very high frequencies. 


1 
Below the frequency f = —————— the total arrangement 
quency f 27 VEG g 
Lı, L and Сз acts as an inductance, the inductive impedance 
wL: Я у ^ Р 
ги LG being in series with w Lı. The voltage E., and А, 


are in phase with each other, the value of the former diminishing 
to zero at this frequency, where the infinite impedance 


[№ LG » actslike open circuit. Between this frequency 
and the resonant frequency f — 2 VAT Ti at which the 


2T Li La Ca 


voltage node appears at the terminals, the total arrangement acts 
like a condenser, with value increasing from zero at the lower 
frequency to infinity at the higher frequency. The voltages 
E, and E, ате in phase opposition, the voltage at the winding 
terminals being equal to their difference. The voltage E, 
grows from zero value at the lower frequency to a value limited 
by the maximum value of current in the line at the higher fre- 
quency. The voltage E, which is the capacity or leading 
voltage, is greater than the voltage E,, by the amount of the 
voltage in the line at the winding terminals. Above the frequency 


f= ir V IL the voltages E, are В: and stil in 
phase opposition, but the voltage E,, is larger than E, by the 
amount of the voltage at the winding terminals, and the total 
arrangement is acting like an inductance, increasing from zero to 
the limiting value Lı. At very high frequencies the voltage Еш 
becomes very small, the voltage E., being practically equal to 
the voltage in the line. 
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The variations in these internal voltages with the frequency, 
and that of the voltage across the total combination, are shown 
in the curves of Fig. 8. 

We have discussed in detail the behavior of the arrangement 
Li, Lz and С». If the same winding (Fig. 5) were grounded at 
one end, or at some other point not the middle, or if a winding of 
more than four groups (six for instance) were grounded at the 
middle, assuming a simplification of the distribution of capacity 
such as shown in Fig. 5, there would still be a more complicated 
arrangement than the one we have considered. As already stated 
however, the same general principles would be involved in the 
behavior of any such arrangement. Detailed discussion is not 


Voltage (Е! as unit) 


Fic. 8 
Effect of frequency upon voltages in winding with capacity localized as shown 
in Figure 7, in terms of the maximum standing wave voltage in the line. 
Plotted from equations (89) and (30), with Zi = 490 ohms, Li = Із = 0.1 
henry, and С. = 0.0005 mf. 


given therefore, to any other such Arrangement, but, by way of 
further illustration of what may occur, we give in Fig. 9 aset of 
diagrams similar to those of Fig. 7, showing the relation of inter- 
nal voltages to the line voltage at various selected frequencies, 
with three groups of coils (three units of inductance, with inter- 
vening capacities) between the line and a grounded or neutral 
point. The equations for this case, to which these diagrams 
correspond, are, 


_ 1 _______чЧа+1)-—°141зС___ | 
tana = z| wht 1 — u? (LoCot+L3Cst+LsC2) +u*LeLsCrCs 


(32) 
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Е, 1 
- = c wL, cosa (33) 
Е, 24 i 
Ers 1 201, — w’ Le Ls C3 cos а 


Е Zii- w (La Cp + La Ca + La Cx) +w Г Ls С; Са 
(34) 


Le 13 


Line Ц 12 Ls Line L 


Fic. 9 
Voltages in winding with capacity localized as shown, as related to standing 
waves in the line, for different frequencies. Calculated from equations (87), 
(38) and (89), with Zi = 490 ohms, Li = Ls = Lg = 0.1 henry and Сз = 
C3 = 0.0005 mf. 


and 
E, сањ соѕ а 
E 211--и? (Ls Cs + Ls Cs + La С») + wt Ls Ls Co Cs 
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(36) 


With all inductance units equal and all capacity units equal we 
drop the subscripts and write: 
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қ _ 1 3uL — «ЯЗІЗС + № ІЗ С? (36) 
ЗС С 


т. = > w L соза (37) 
Е. _ 1 wL — из L? С — (88) 
E Zi- Зи? ГС + в Lc C 

and 
E. = 1 шр, cos а (39) 


E, Z, 1 -3w L + и [2 С? 


Several cases of resonance, at different frequencies, are found 
in these diagrams. It will be noticed that high voltages occur 
across some of the inductance units, at different frequencies, 
but not always across all at the same frequency. The variations 
in the internal voltages of this combination with the frequency 
are shown in Fig. 10. 

As with the winding of distributed capacity, the damping due 
to the internal losses prevents the building up of the excessive 
voltages found above. These voltages can be built up only by 
the admission of small amounts of energy Бу the inductance Lı 
from the successive wave fronts of a high-frequency train. The 
dielectric losses in the winding increase as the voltage builds up, 
until the energy absorbed is equal to the energy admitted. These 
losses are even higher in windings of this type than in those with 
distributed inductance and capacity, and probably restrict the 
voltages to a small fraction of those found above. 

It has already been mentioned that in any case a certain 
amount of capacity will be found distributed with the inductances 
Li, Ls, etc. It is obvious, therefore, that at frequencies suf- 
ficiently high, these parts of this winding may behave in a man- 
ner somewhat similar to the winding with distributed inductance 
and capacity. That is, standing waves may be set up within the 
individual coils or groups of the winding. Frequencies giving 
these results are produced by discharges at or near the terminals 
of the transformer, and such discharges produce the most danger- 
ous condition with respect to the insulation between turns. On 
the other hand, the most dangerous condition with respect to the 


т 
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insulation between the winding and ground (low-voltage winding 
and core) is produced by the frequencies producing resonance 
between groups. The frequencies producing dangerous volt- 
ages between turns are much higher than these. 

Effects of Normal Frequency Currents and Voltages. No con- 
sideration has been given in the foregoing discussions to the 
effects of the normal voltages and currents existing in the wind- 
ings of the transformer before the arrival of the steep wave front 
and the high frequency wave train. А statement of the principle 
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Effect of frequency upon voltages in winding with capacity localized as shown 
in Figure 9, in terms of maximum standing wave voltage in the line. Plotted 
from equations (37), (88) and (39), with Zi = 490 ohms, Lı = Із = Ly = 
0.1 henry and С, = Сз = 0.005 mf. 


facts involved will be sufficient answer for the questions arising 
in this direction. 

It 1$ evident that the distribution of voltage in a circuit ог, 
winding can not be disturbed or altered by the flowing of currents 
of equal value throughout the entire circuit, or by any changes in 
current which occur uniformly throughout the entire circuit, so 
that at any given instant the same value of current flows at 
every point in the circuit. Even the normal variations of voltage 
within a transformer winding having capacity are accompanied 


<> . 
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by the flow of charging currents which traverse only portions of 
the winding to supply the charges corresponding to the voltage 
changes of the capacity which is located within the winding. 
These currents are normal frequency currents, controlled by the 
normal flux variations which bind the charges supplied. These 
currents are ordinarily very small as compared with the normal - 


- frequency load or exciting currents which flow with equal value 


throughout the winding and upon which they are superposed. 

Now the current of a traveling wave entering the winding is 
only that required to change the potential of the winding to 
correspond with the voltage of the wave. "The magnitude of this 
current will not be affected by currents already flowing with 
equal value throughout the winding. Moreover, the normal fre- 
quency charging current of the winding is negligibly small as 
compared with that of the traveling wave and need not be con- 
sidered. The wave current is merely superposed upon the pre- 
viously existing current. 

The wave current is still small as compared with the normal 
load current of the transformer, so that if a transformer is loaded, 
the entrance of the first wave of an oscillation has small effect 
upon the actual resultant current. High frequency currents of 
considerable value might, as we have seen, be built up within 
the winding by sustained wave trains or oscillations at resonat- 
ing frequencies, except for the heavy internal damping due to 
dielectric loss at these high frequencies and with the high ac- 
companying voltages. Due to this damping, these currents 
are still relatively small. In any event they may still be looked 


_ upon as merely superposed upon the current with equal value 


throughout the winding, produced by the voltage impressed 
from normal source, although this latter current may become 
changed from its initial value. It does, in fact, change in normal 
operation, since it is an alternating current, but it may also be 
changed by the conditions producing the oscillation, as by short 
circuit, forinstance. Thus, in the case of short circuit beginning 
with an oscillation, we have the oscillatory current superposed 
upon the current from the generator which has uniform value 
throughout the transformer winding at any instant, but which 
changes cyclically in time with the normal frequency of the gen- 
erator, and more or less gradually from the initial to the final 
value. 

Questions as to the effects of the initial or normally changing 
voltages or voltage distributions of the windings upon the 
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voltages set up by waves and oscillations have already been 
answered implicitly in the above discussion of the effects of 
currents, on account of the perfectly definite relation between 
voltages and currents in any circuit with respect either to 
steady or gradually changing conditions or to oscillations. 
The statement may be made general, therefore, with respect 
to both voltage and current, that the initial current and volt- 
age of the transformer will have no effects upon the results of 
a steep wave front or high-frequency wave train except in so 
far as they may fix the conditions which set up the oscillation, 
and so determine its character, and in so far as the actual con- 
ditions of current and voltage set up are due to the superposi- 
tion of the oscillatory or traveling wave currents and voltages 
upon a value of current and a voltage gradient which is uniform 
throughout the winding and which is arrived at by a process 
of gradual change from the initial value. 

Effect of the Core and 115 State of Magnetization. It is neces- 
sary to consider the effect of the transformer core and its state 
of magnetization upon the behavior of the windings when sub- 
jected to a high-frequency disturbance. The statement of 
some fundamental facts will help to clear up these questions also. 

The variation of the flux in the core in response to the volt- 
age applied at normal operating frequencies, and: the relation 
of the magnetic density to the exciting current, are well under- 
stood. It is also known that the core responds in the same 
general manner at high frequencies, the chief differences be- 
tween the behavior at high frequency and at low frequency 
being the apparent reduction in permeability due to the re- 
striction of flux from the center of the sheets by skin effect, 
and the increased eddy current and hysteresis losses for a 
given flux variation. None of these considerations are im- 
portant, however, since the flux variations corresponding to 
any high-frequency voltage which may be impressed will al- 
ways be small. 

The behavior of the windings with respect to the core at 
high frequency will differ from that at operating frequencies 
in that a small part of опе of the windings may act as ргітагу 
with respect not only to the other winding but also with respect 
to the remaining part of the same winding. Moreover the 
portion of the winding acting as primary is variable from in- 
stant to instant. Thus if we consider a traveling wave enter- 
ing the winding with distributed capacity, the first turns act 


- 
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as primary with respect to all the other turns, whereas a little 
later the number of turns acting as primary turns will have 
increased. As the entering wave traverses the first part of the 
winding, the distributed capacity permits the setting up of 
reverse currents in the remaining part of the winding, as well 
as in the opposite winding, which correspond to a condition 
of short circuited secondary, even though the other windings 
were open circuited. The result is that the flux set up by 
the wave is practically all leakage flux occupying only a small 
portion of the core. If the wave be a long one, the secondary 
currents soon cease, with the charging of the available capacity, 
and the condition is changed from one of short circuit to one 
of open circuit. The flux due to the traveling wave thus comes 
to occupy the complete magnetic circuit of the core, resulting 
in a large increase in the inductance per unit length of winding. 
If the other winding be connected to a closed circuit, these 
conditions will be affected only in so far as current can be drawn 
from the other circuit. This requires voltage, and involves 
the transformation of the wave from one winding to the other. 
If we consider the case of standing waves set up within the 
winding, the amplitude of all of the waves being the same, 
we will in general find a fractional excess of positive or nega- 
tive half waves of current within the winding. 
№ This gives an excess of positive or negative ampere turns 
which magnetizes the core, and so generates a voltage 
throughout [the [entire winding which is counter to the 
voltage in the line at the transformer terminals. The internal 
standing wave voltages are superposed upon this voltage. 
Within certain ranges of frequency or lengths of winding, i.e., 


of the ratio x , the standing wave current entering the wind- 
ing is restricted and consequently the internal standing wave 
voltages restricted, by the condition that the distributed 
voltage can not exceed the standing wave voltage found 
in the line at the terminals of the transformer. For the fre- 
quency giving the maximum internal voltages, however, 7.6., 
with a voltage node and current antinode at the entrance, 
there is no such restriction, since there are equal numbers of 
positive and negative half waves of current within the winding. 

Similar restrictions will be found with the winding in which 
capacity and inductance are separated into alternate more ог 
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less concentrated amounts, but will not appear at resonant 
frequencies, since equal amounts of positive and negative cur- 
rent will be found within the inductances of the winding. 

The high frequency flux set up within the core by an excess 
of positive or negative ampere turns generates voltages not 
only in the winding upon which the high frequency disturbance 
is impressed but also in the other winding. Charging current 
set up by this voltage in the second winding is in phase with 
the excitation, and tends to increase the voltage. Excess volt- 
ages may be thus built up in this winding at its resonant fre- 
quency. 

While the transformer core no doubt has an important influence 
on the behavior of the windings at high frequency, this in- 
fluence is not affected by its initial state of magnetization except 
in so far as its permeability is affected. The voltages generated 
by flux in the core are distributed throughout the windings, 
and depend in a regular manner upon the unbalanced ampere 
turns and the high-frequency permeability of the core, in its 


existing state of saturation. ' 


CONCLUSION 


The above analysis of the behavior of transformer windings 
is by no means complete, but such an examination of the funda- 
mental facts and principles involved gives us a clearer insight 
into the nature of the excessive internal voltages which, as shown 
by experience, are produced in practise. This will enable us to 
guard against these voltages in a more scientific and economical 
manner. It is expected that this will constitute the subject of 
a subsequent paper. | 


APPENDIX 


The behavior of the combination of inductance and capacity 
represented in Fig. 6, at the end of a transmission line, when a 
wave with steep front and of considerable length strikes it, 1$ 
investigated as follows: 

The reflection in the line is at the first instant complete, as at 
the open end of a line, giving double voltage and zero current. 
If the voltage of the original wave is Е, and the current 11, the 
reflected voltage and current at the first instant are (F,’)o = Е, 
and (1!’), = —I,. Ata subsequent instant the numerical value 
of the reflected current is reduced by the current flowing through 
the inductance L,, and the voltage impressed on the transformer 
is correspondingly reduced. 
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The voltage at the terminals of the transformer to any instant is 
Е = Е, + Ey’ (1) 
This voltage appears across the inductance L, and the parallel 


arrangement Le Со, so that we also have 


(2) 


where Iı and /,, are the respective currents flowing in induct- 
ances L, and Lz. 
In the line we have 


Е, = I Zi (3) 


and 
Ер == I,’ 24 (4) 


and the current in the inductance L, is 
1, = 1,+ Г (5) 


so that 


This value in (4) gives 
Е,' = (1, = Г.) Zi (6) 


whence 
Е’ = Е, — Г. 21 (7) 


Substituting this value in (1) gives 
Е =2E -1,,2: . (8) 


and this with equation (2) gives 


dl,, 
dt 


dl,, 


2E, = Li di 


+ L: 


T 1, Zi (9) 


Now, considering voltage in the parallel elements С» and Ls, 


we have 
Іс, dt _ dl,, | 
IE me (10) 
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whence 
_ ËI, 
Ia = C, L, L (11) 
We also have 
Ic F "m = "m . . (12) 
whence 
а? I, 
I — l + С» Le “ар” (18) 
Substituting (13) іп (9), and transforming. 
PLZ PL. , Lol. dl, Zion 
ав L, ай L| Із С. dt LilG 
_ 2È; 
тте (14) 
and substituting 
" 2E, 
I-1,-757 (15) 
we get 
ФІ Z, æI І, + Г» dl Zi _ 
a tLe нат СУ 
The solution of this equation 1$ 
І = А ех! + А зех" + A зехз! (17) 
хі, хз and хз being the root s cf tke auiary equation. 
21 L, + Le 2, = 
УАВ с ES 


Itis known that all of these roots are negative, since all of the 
co-efficients of equation (18) are positive. We may, however, 
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substitute positive numerical values with the negative sign 
prefixed. Instead of equation (17), then, we may write 


I = Aje-at + Asge-ou + А зе-аз (19) 


in which а), a; and аз will be positive. 

For the ranges of values of the constants appearing in the 
coefficients of equation (18), it will contain a pair of complex 
imaginary roots. Inthiscase, instead of a1, аҙ and as, we may 
write a, (b — jc) and (b + jc), and for purposes of calculation, it 
will be convenient to write equation (19) in trigonometric form. 
Thus, instead of 


I = Aye? + Age 0-79! + Але 9-00 (20) 
we have 
I = Ае + е" (B cos ct + C sin ct) (21) 


This equation represents a condition of damped oscillation 
superposed upon a condition of decay. 

It is not easy to obtain the roots of equation (18) in terms of the 
constants involved in the equation, but the numerical values of 


the constants may be substituted for any particular case, and the ` 


solution obtained for the particular case. It is necessary, also, 
to determine the constants 41, 4; and Азог А, Band C. Having 
determined the constants A,, А; and Аз; А, B and C may be 
determined independently, or from the relations ; 


x A = A, 
В = (А. + Аз) (22) 
апа С = j (А — А) 


For determining these constants, since 1,, апа Іс, are zero at 
the first instant, equations (16) and (11) give 


PS PAP 2E, 
| п 
| 41 ; 
m LZ RN 23 
Fort = 0 di 0 (23) 
2 
айд © Т> мй 


e dt? 


СЕРИИ 
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Substituting these values in (19) and its derivatives, we obtain 


2Е 
41%4:%4- --2- (24) 
a, A; + аз А. + аа Аз = 0 . (26). 
апа 
а) А, + а? Аз + аз Аз = 0 | (26) 
whence ; 
G» Qa 2 Е; 
а Еа 27 
id (as — a1) (ал — а») Zi (27) 
а1 аз 2 Е, 
- = ee least: 28 
aa (ay — а») (as — аз) 21 (28) 
and 
x ауа» 2E, 29 
Аз = (az = аз) (аз = а.) 21 ( 


Substituting these values іп equation (19) we have 


2Е, аз аз " a, аз ed 
I ES ee ai ——— À À— a 
21 la - а!) (аа — аз) : i (ал — a») (аз — аз) 


а: d» d | | 
tome (30) 


е 
аһ — аз) (аз = а1) 


Now we wish to determine the voltages across the inductance 
L, and 1». These are 


and Е,, = Le аг. (31) 


For the latter, we obtain from equation (16) 


dl, _ dl (32) 


dt dt 
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whence, substituting the value of J from (30), we have - 


а: аз аз 


pcc zu — a1) (а, — a3) “ 
о "шз г Й 
We now obtain L, ам from equation (13). 
Thus 
L&E = L, S hy + Сы, SY) (34) 


Substituting the quantities in the parenthesis from equations 


(15) and (30), performing the required differentiations and sim- 
plifying, we have 


E, = — 2E, — z[ + Сз Із аг?) а1 аз а: 01 02 05 eg ^ 
(аз — а) (а, — a) | (а: — аз) 
d (1 + Cs Lı az) ai аз аз goi 
(а, — a2) (аз — аз) 
+ Ч + C» Le аз?) а, Q9 аз en ax ] 
(аз — аз) (аз - a1) (35) 


When the values of the constants in equation (18) are such as 
to give two complex imaginary roots, equations (33) and (35) 
are both transformed to the trigonometric form. The proper 
constants may be obtained directly from those of equations (33) 
and (35) by the relations given іп (22). The roots аз and аҙ 
now being of the form b — jc, and b + jc, this gives 

0 sin ct) | 


(36) 


_ Із a(b + c» "—— а— 
Ел = 2 Е; осо 1-6 "(cos ct— 


rea el, le in -.- 
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and 
L, 900 + с) Е ТЕ 
E. = 2 Е, Z, € + (a - by (1 + C» 2, а) e 


— eb [( 1+ С. L: (2ab — b — e) cos ct 


„atraitne (а +D) ] | am 
It has been found by Mr. J. E. Clem, who calculated the curves 
for this paper, that within the range where we apply the above 
equations the following simplifications are possible: 
We have assumed L, and Г; equal, and have therefore but one 
value of inductance as well as one of capacity. Dropping the 
subscripts, we have for equation (18) 


2 Zi 


qo hg 


Zi 2 
ти 


2 
Within the range of values used, A is very small as com- 


pared with ---. The above equation may therefore, with suf- 


2 
LC 


ficient accuracy, be written 


Za 2 7? ) Ge 2. 
кча +(те + ар ]** pc = 9 


This equation is factored, giving 


(<< 3E (#+ x rt) =0 


The first factor gives 


.4 mew: 


1656 WEED: TRANSFORMER CONNECTIONS (бері. 17 


апа the second 


М pA a 


1612 — u 


212 
But Te p my be neglected whence 
X moe Eg ү са 2. 


The oscillatory case applies, with 


22020, 4 2 
а = су, = Gp апа с ee 


Substituting these values in equations (36) and (37), and remem- 
bering that a? and b? are small, as compared with c*, it is found 


that these equations are represented with sufficient accuracy by 
the following: 


Written in the general form, these equations are 


Е,, = ы еч-еч (соз сі -2 sin ci ) (36b) 


and 


Е, = E, е at + e- »( cos cl — sin ct )| (37b) 


То be presented al the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 
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HARMONICS IN TRANSFORMER MAGNETIZING 
CURRENTS 


| ВУ J. Е. PETERS 


ABSTRACT OF PAPER 


The purpose of this paper is to show in a concise manner the 
cause and effects of higher harmonic currents in magnetizing 
currents of transformers. 

A hypothetical case is analyzed to show the cause of the 
harmonics; then the schemes of connecting transformers that 
are commonly used for polyphase transformation are taken up 
and the effects of the harmonics on each case pointed out. 

The author also shows the reason why third harmonic volt- 
ages are not developed in the three-phase '' core type "’ trans- 
former when connected star-star. 


T IS well known that the higher harmonics in the mag- 
netizing currents of transformers under certain conditions 
of operation produce badly distorted voltage waves. In general, 
the methods used to show the causes of these higher harmonics 
and the distortions which they produce have been rendered ob- 
scure by rather complex mathematics. The object of this 
paper is to present the problem in a more simple form with- 
out any complex mathematics so that the general principles 
involved may be understood with a minimum of effort on the 
part of the reader. Those points that require a special study 
are more thoroughly discussed in an appendix. 

The permeability of sheet steel used in the construction of 
electrical apparatus changes as the magnetic flux density in- 
creases so that the rate of variation of the latter is less than 
that of the magnetizing current producing it. The induced 
voltage in the secondary and also the counter electromotive 
force in the primary of a transformer are proportional to the 
rate of change of the magnetic flux enclosing these windings. 
The rate of change of a sine function is a sine function 90 de- 
grees later in time phase. Therefore, to produce a voltage 
having a sine wave, the rate of change in the magnetic flux 
also must be a sine wave. 

On account of the change in permeability of the iron at 
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different flux densities, the magnetizing current producing a 
sine wave of magnetic flux cannot itself be a sine wave. It 
has been found by analysis that the magnetizing current of a 
transformer producing a sine wave of voltage has a consider- 
able third harmonic component. It also contains the higher 
odd harmonics (5th, 7th, 9th, etc.), but to a much less degree. 

That the magnetizing current must contain a comparatively 
large third-harmonic component is shown by the following: 
A comparatively small current is required for the first part of 
the magnetic flux cycle, the density being low, while as the 
maximum flux density is approached a much larger current in 
proportion 1s required. Therefore, the current wave necessary 
to produce a sine wave of flux will be peaked. There will be 


Fic. 1 


only one peak per half cycle corresponding to the maximum 
flux density, and this peak must be made up largely of a har- 
monic that has but one maximum value, in the proper direc- 
tion, per half cycle of the fundamental. The third harmonic 
has one and one-half cycles per half cycle of the fundamental 
and it is so located that its one maximum occurs a little later 
than the fundamental maximum. The other two maxima 
of the third suppress the fundamental in the first and last part 
of the half cycle. If some harmonic higher than the third had 
a considerable magnitude, the result would be that two maxima 
per half cycle would be produced in the magnetizing current. 
This could not produce a sine wave of voltage. 

In Fig. 1, a represents the magnetizing current of a trans- 
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former. It is the resultant of a component at fundamental 
frequency b, a third harmonic component c, and a fifth har- 
monic component 4. The magnitude of с is 40 per cent of the 
fundamental, and d is 10 per cent of the fundamental. The | 
harmonics higher than the fifth were neglected for simplicity. 
The magnetizing current of a transformer does not contain 
| any even harmonics. This is obvious from the fact that the 
plus and minus half waves of a complete cycle of magnetizing 
current are the same. That is, it takes the same value of cur- 
| rent to magnetize the core in one direction as it does in the 
| other. Therefore, а] the harmonics аз well as the fundamental 
must at the beginning of the second half cycle be of the same 
value but in the direction opposite to that at the beginning of 
the first half. Only odd harmonics will satisfy this condition. 
While the fundamental passes through 4 cycle, the third 
harmonic passes through 1} cycles and the fifth harmonic 
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through 23 cycles, etc. All odd harmonics end with an odd 
number of $ cycles and are therefore in the same relative posi- 
tion, but in the direction opposite to that at the beginning of 
the first half cycle. If the magnetizing current does not con- 
tain all of the harmonics necessary to produce a sine wave of 
voltage, then the voltage will contain those harmonics which 
the magnetizing current lacks, and possibly more. For ex- 
ample, when the magnetizing current does not contain the 
necessary third-harmonic component, the induced voltage con- 
tains a third-harmonic component. ` 

Pec pe means of showing the effect of changes in the : 
ied magnetizing current wave is to plot the hysteresis 
nd osi and the modified wave of magnetizing cur- 
et con pA ct the magnetic flux wave. The hysteresis loop 
1 дро meine. current wave ep in EET 1 
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the hysteresis loop equal the corresponding ordinates О’А’, 
O'B', O'C', in the magnetizing current wave. The wave shown 
in dotted line is the resultant magnetic flux wave. The method 
of construction is obvious from a brief scrutiny of this figure. 

By following the same methods in Fig. 3, it is shown that 
when the magnetizing current is a sine wave, the magnetic 
flux is not a sine wave but is of the shape indicated by the 
dotted line. The magnetic flux wave for this figure was con- 
structed from a sine wave magnetizing current and the hy- 
steresis loop. 

The analysis of this flux wave (See Appendix) gives a funda- 
mental component of 17.62 sin (9 — 0.8 deg.), a third harmonic 


_ component of 3.9 sin (30 — 5 deg.) and a fifth harmonic com- 


ponent of 2.2 sin (50 — 24.3 deg.) where @ is the time angle 
in degrees and 0.8 deg., 5 deg. and 24.3 deg., are the angles at 
which the fundamental, third and fifth respectively lag behind 
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the composite wave. This composite wave also contains odd 
harmonics higher than the fifth, but they are not taken into 
consideration here as previously stated. 

The voltage produced by the magnetic flux shown in Fig. 3 
is proportional to the rate of change, that is, the differential 
of the composite magnetic flux wave. The differential of this 
wave gives for the fundamental 17.62 cos (9 — 0.8 deg.), for the 
third harmonic component 11.7 cos (30 — 5 deg.), and for the 
fifth harmonic 11 cos (50 — 24.3 deg.). It will be noted that 
the third-harmonic component of voltage for the above case 
with a sine wave of exciting current is 65 per cent as great as 
the fundamental and that the fifth-harmonic component of 
voltage is 62.5 per cent as great as the fundamental. 

In practically all schemes of connecting transformers for 
transmission purposes, the proper composite exciting current 
is supplied in which case large higher harmonic voltages are not 
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developed in the windings. In a comparatively few cases, 
however, it is not possible to draw the proper magnetizing cur- 
rent and consequently in these cases the higher harmonic volt- 
ages do exist. An effort will be made in the following to show 
how the magnetizing currents are supplied for the different 
schemes of connections and types of transformers and where 
harmonic voltages will appear. 

The most frequent scheme of connecting tránsformiers is three 
single-phase units connected into a three-phase bank + delta 
on the low-voltage side and in star on the high-voltage side. 
Assume that a bank so connected is used to step-down the 
voltage, and that the magnetizing currents for each of the three 
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units are as indicated by Fig. 1 (a). The magnetizing currents 
then for each phase contain, in addition to the fundamental, 
a third. and a fifth-harmonic component. Since the trans- 
formers are connected in three-phase relationship their voltages 
are 120 degrees apart and, therefore, their magnetizing currents 
are 120 degrees apart. Тһе magnetizing currents for the three 
units are shown in their proper phase position in Fig. 4(a). 
The three leads feeding the bank carry the current both to 
and from the transformers and, therefore, the resultant of the 
current in the leads must at all times be zero. But the result- 
ant of the magnetizing currents for all three units in this case 
is, as shown in the appendix to this paper, 1.2 sin (30 — Bs), 
Where |8; is the angle at which the third harmonic component 
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lags behind the composite wave. This resultant 1$ not zero; 
therefore it will be scen that not all of the magnetizing current 
for this connection can be supplied through the three leads. 
The resultant current is shown dotted in Fig. 4 (a) which 1s 
obtained by combining the three waves. 

It will be noted that this resultant current is at triple the 
fundamental frequency and that its magnitude is three times 
as great as the third harmonic component of magnetizing cur- 
rent for each phase. If the other higher harmonics of the 
magnetizing current had been taken into account (7th, 9th, 
llth, etc.) in the above analysis it would be found that they 
all would be drawn from the line except the third and odd 
multiples of the third (9th, 15th, etc.). "Therefore, the neces- 
sary third-harmonic component and its multiples to produce a 
sine wave of voltage must be supplied in some other manner 
for this scheme of connections, since they cannot bedrawn 
from the line. 
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In Fig. 4 (b) at 1, 2, and 3 are plotted the third harmonic 
components of the magnetizing currents for the three phases 
in their proper phase position with respect to the composite 
waves shown in the same figure at (a). It will be seen that 
these third-harmonic currents are all in the same direction at 
corresponding points. In Fig. 5, which is the star-delta scheme 
of connection, the arrows indicate the instantaneous directions 
in which the third harmonic currents should flow in the primary 
or star side. Since the third harmonic currents of all three 
phases are in phase with each other they have no return path 
in a star-connected circuit, therefore they cannot flow. Con- 
sequently third-harmonic voltages will be generated due to the 
absence of the third-harmonic currents. These voltages are 
all in the same direction since their components of the magnet- 
izing currents are all in the same direction. 

The generated or induced third-harmonic voltages appear 
in both the primary and secondary windings, but the delta- 
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connected secóndary forms a closed local circuit for its third- 
harmonic voltage. Consequently, a third-harmonic current 
will circulate around this circuit and produce a third-harmonic 
magnetic flux which will cut both the primary and secondary 
windings. This flux will generate in both windings a counter 
third-harmonic voltage approximately equal and opposite to 
the one caused by the absence of the third-harmonic current in 
the primary. This results in cancelling all of the third-har- 
monic voltages, except that due to the reactance of the trans- 
former which is generally so small that it is of no consequence. 

It is evident from the foregoing that the third-harmonic com- 
ponent of the magnetizing current for a bank of transformers 
connected star-delta is supplied by a circulating current in the 
closed delta. If the units forming the bank require different 
values of third-harmonic currents, then, since the circulating 
current is the same in all three phases, one or two phases will 
be over supplied with this component of current while the other 
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phases will be under supplied. This will result in inducing a 
third-harmonic voltage of small value in all three phases. 

It would be found by a similar analysis that the 9th and 
15th harmonic currents and all odd multiples of the third are 
supplied by a circulating current in the secondary, while all 
other odd harmonic currents are drawn from the line. The 
magnitude of this circulating current is such that when it is 
multiplied by the secondary turns the product is equal to that 
of the required harmonic current in the primary multiplied by 
the primary turns. That is, the magnetomotive force is the 
same whether supplied by the primary or by the secondary, 
therefore the star delta connection relieves the primary of a 
part of the magnetizing current and adds it to the secondary. 

If this bank be fed by another bank of transformers con- 
nected in star on the secondary side with its neutral grounded, 
then grounding the neutral of the step-down transformer bank, 
as shown in Fig. 6, produces closed circuits in the star-con- 
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nected side through which the third harmonic tomponent of 
the magnetizing current can flow. These circuits for each 
phase consist of one line, the windings in each bank connected 
to this line, and the earth. The third-harmonic current car- 
ried by the ground connection is the sum of the third-harmonic 
currents in the three star-connected phases. With this con- 
nection a part of the third-harmonic component of the mag- 
netizing current will circulate around the closed circuit in the 
delta connected secondary and a part will be drawn from the 
line using the earth as a return. The division of current be- 
tween these two circuits depends upon their relative imped- 
ances. "The difference in the magnitude of the third-harmonic 
currents required for the different phases of the bank, so con- 
nected, will be supplied through the grounded neutral. If the 
neutral of the secondary of the step-up transformer bank is not 
grounded then grounding the neutral of the step-down bank 


wil have no effect on the distribution of the third-harmonic 
component of the magnetizing current. 

If a star-delta bank of transformers is fed directly by a star- 
connected generator and the neutral of generator and bank of 
transformers are connected together as shown by Fig. 7, then 
if the generator contains a third-harmonic voltage, this voltage 
wil cause an additional third-harmonic current to circulate 
in the transformer and generator windings. The magnetizing 
current for this scheme of connections will be supplied in the 
same manner as when the source of supply is a bank of trans- 
formers with their secondaries connected in star, with its neutral 
grounded, as well as the neutral of the step-down bank, but 
the third-harmonic voltages of the generator are impressed on 
the transformers between line terminals and neutral. 

The third harmonic voltages from the different phases of 
the generator are all in the same direction since the generator 
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voltages of fundamental frequency are 120 degrees apart and 


therefore, the third-harmonic voltages 3 Х 120 or 360 degrees 
apart. These voltages are impressed on the primaries of the 
transformers which in turn induce corresponding voltages in 
the secondaries. The secondaries being connected in delta, 
their windings and connections between phases produce a closed 
local circuit for the induced third-harmonic voltages, conse- 
quently a third-harmonic current will circulate. The magni- 
tude of this circulating third-harmonic current is determined 
by the total third-harmonic voltages of the generator and the 
combined impedance of the transformer bank and generator. 
This current may be of considerable magnitude, for example: 
Assume that the normal output of the bank of transformers is 
small as compared with that of the generator, which is often 
the case when one generator feeds a number of independent 


lines, each having its own transformer bank. Insuch cases the . 


generator impedance may be negligible when compared with 
that of one bank of transformers. Assume further that the 
generator has 10 per cent inherent third-harmonic voltage in 
each phase and that each transformer in the bank has 4 per 
cent inherent impedance at fundamental frequency, then at 
triple frequency the total impedance per phase will be approxi- 
mately 3X 4, or 12 per cent; consequently, a third-harmonic 
current of 10/12 = 83 per cent of the normal transformer full 
load current will circulate in the primary and secondary of each 
transformer in the bank. The paths for these circulating 
currents on the generator side are over the line between gen- 
erator and transformer terminals, through the transformer 
primaries, and back to the generator through the neutral con- 
nections. The current carried by the neutral connection will 
be the sum of the three currents in the phases. On the second- 
ary or delta side of the transformer bank, the third-harmonic 
current will circulate around the circuit produced by the trans- 
former windings and the connections between phases. 

If the bank of transformers had been connected delta-delta, 
the magnetizing currents would have been supplied in a similar 


‚ Manner, except that a part of the third harmonic current would 


circulate in the primary local circuit and a part in the second- 
ary, dividing up in inverse proportion to the impedance of the 
two windings. If the bank had been connected delta-star, all 
of the third-harmonic magnetizing current would have cir- 
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With the bank connccted star-star as shown by Fig. 8, the 
third harmonic component cannot flow, since it cannot be drawn 


from the line and there is no closed local circuit in which it can 


circulate. Consequently, a third-harmonic voltage will appear 
in both primary and secondary windings between the neutral 
points of the bank and the lines. 

Since the third-harmonic component of magnetizing currents 
are in the same direction in all three phases, and the voltage 
produced by a magnetizing current is 90 degrees later in time 
phase, it follows that the third harmonic voltages are in the same 
direction in all three phases. The neutral point of the bank there- 


fore, does not remain at zero potential but oscillates around ` 


the zero point at triple frequency. The voltages of the star- 
star connected bank are represented in Fig. 9 by means of the 
crank diagram. The three fundamental voltages are repre- 
sented by the vectors А}, B, and Ci, which are 120 degrees 
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apart. The neutral of the three-phase vector is located on 
the end of the third-harmonic voltage vector. There is only 
one third-harmonic vector, since the third-harmonic voltages 
of all three phases are in the same direction and, therefore, 
coincide. The voltage waves are constructed in the usual 
manner by rotating the radial vector in the direction indicated 
by the arrow, and projecting points out to corresponding points 
of time on the time angle axis, the third-harmonic vector, of 
course, being rotated three times as fast as the fundamental. 
The wave shown from 1 to 2 is that of the neutral point. From 
2 to 3 are the composite waves of all three phases. 

The voltage between lines, say A to B, Fig. 8 is the voltage 
from O to A, minus the voltage O to B, therefore, the voltage 
between lines A and B is the difference between wave A and 
wave В in Fig. 9. This voltage wave is shown dotted. It 
will be noted that this resultant is a sine wave and that it is 
173 per cent of the fundamental in either phase OA or OB. 
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Therefore it is evident from the above that, although there 
are third-harmonic voltages in the phases of a star connected 
bank, they do not appear in the line. They do however pro- 
duce extra stresses in the insulation of transformers. 

If the primary neutral point of the bank is grounded and the 
secondary neutral of the step-up bank is not grounded, these 
third harmonic stresses will appear between coils and ground. 
Also, since the neutral point is pulsating or rotating around the 
zero point, it is obvious that the whole system is made to pul- 
sate above and below ground an amount equal to the third- 
harmonic voltage in the phases. .This may be of a dangerous 
` value from the standpoint of charging current and also from 
the standpoint of static disturbances in neighboring communica- 
tion lines. From the standpoint of charging current, let us 
assume that the third harmonic voltage is 50 per cent as great 


NSS 


as the phase voltage of fundamental frequency. Then, since 
it is at triple frequency the charging current due to it will be 
3X50 or 150 per cent as great as that produced by the same 
voltage at fundamental frequency. 

The third harmonic voltages in a star-star connected bank 
of transformers can be eliminated by providing a small winding 
in each phase and connecting these windings in delta. The 
third harmonic magnetizing current will then circulate in this 
winding 1m the same manner, and due to the same cause, as it 
does in the secondary of a star-delta connected bank. If the 
neutral point of the star-star connected step-down bank of 
transformers is grounded on the primary side, and the neutral 
of the step-up bank is grounded on the secondary side, as 
shown by Fig. 10, then there is a complete circuit through 
the lines and neutral connections for the third-harmonic com- 
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ponent of the magnetizing current and consequently the third- 
harmonic voltages will be eliminated from the transformers. 
This will of course eliminate electrostatic induction but the 
three triple frequency currents in phase in the lines and re- 
turning in the earth тау cause electromagnetic disturbances 
in neighboring lines. 

Transformers are sometimes connected in open delta or “У” 
for three-phase transformation. This scheme of connection is 
showninFig.11(a). Themannerin which the third harmonic 
components of the maynetizing currents are supplied is very 
similar to that of the delta-connected bank. The phase voltages 
of fundamental frequency are 120 degrees apart, and therefore 
the third-harmonic components of the magnetizing currents are 
3 X 120, or 360 degrees apart. That is, they flow in the same 
time phase as indicated by the arrows. With this connection, 
unlike the conditions with a closed delta, the third harmonic 


component of the magnetizing current is drawn from the line 
through leads А and C and, therefore, must pass through the 
impedance of thc line and generator or source of supply. Соп- 
sequently there will not be quite sufficient third-harmonic current 
and a third harmonic voltage will exist in the phases. In most 
cases these third harmonic voltages areof small value and of 
little or no importance. 

Fig. 11 (6) shows a three-phase—two-phase, connection mag- 
netized from the three-phase side, and at 11 (c) is shown а 
three-phase 7-connected bank. In both of these cases the 
magnetizing current for the transformers are 90 degrees apart 
in time phase, and therefore, the third-harmonic currents are 
3 x 90 or 270 degrees apart. With these connections lead A 
carries the magnetizing current for one phase and B and C the 
magnetizing current for one phase plus one-half of the current 
from the other phase combined at 90 degrees; that is, V1 + 0.5#= 
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113 per cent of the current for one phase. In these connections 
like the V,‘the third harmonic current flows through the im- 
pedance of the line. Therefore, a small third harmonic voltage 
may exist. 

The foregoing considerations were based on the banks being 
made up of single phase units connected for polyphase transfor- 
mation. If the three phase-banks consisted of three-phase units 
of the socalled ‘‘ shell form," the conditions with respect to mag- 
netizing currents and higher harmonic voltages would be sub- 
stantially the same as for single-phase units connected in the 
. same relation. In the three-phase shell form of construction, 
the magnetic circuits for the three phases are built up as one unit. 

The electrical connections for the 

А-В. € middle phase are reversed as shown 
«P^ in Figs. 5 (a) and 8 (a), so as to place 
a V the magnetic flux of this phase 60 


degrees from the fluxes of the phase 

on either side. The object of this 

e ums UM L reversal is to decrease the neces- 
a, 5b 


sary area of the magnetic circuit be- 

ЧЕК e,—», tween phases. Each phase of the 
e unit has a magnetic. circuit. com- 
pletely surrounding it and conse- 
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= M ыы quently there are по interchanges of 
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magnetomotive forces from one phase 
è ь to another. But if the three phase 

banks consist of three-phase units of 

the core “type” construction, the 
conditions with respect to magnetizing currents and higher 
harmonic voltages in the star-star-connected bank are con- 
siderably changed. 

With the latter type of construction the magnetic circuit 
for the three phases are mutually connected, in that the 
magnetic flux of any one phase has its return path through 
the other two phases. Now since the magnetic fluxes go and 
return through the same three cores it is evident that the 
resultant of the three fluxes in any one direction must at 
all times be zero. But, if there are any third harmonic voltages 
in the phases due to the absence of the third-harmonic magnet- 
izing currents in the star-star-connected unit they are induced 
in the same direction in all three phases and, therefore, their 
third-harmonic magnetic fluxes are all in the same direction. 
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This would require that the third-harmonic flux return outside 
of the cores through high reluctance paths. They would conse- 
quently be of усгу small value. 

It would appear from the above that third-harmonic voltages 
which are due to the absence of the third-harmonic component . 
of magnetizing currents in the star-star-connection are prevented 
in the three phase core form units by the high reluctance return 
paths of the third harmonic magnetic fluxes. But this is not 
strictly true; what really happens is that the deficit in magneto- 
motive force in parts of the cycle in each phase 15 supplied by the 
other two phases. Fig. 1@, 
shows three magnetomotive 
force waves 1, 2, and 3, 120 
degrees apart. (а) is the re- 
quired wave of magnetomo- 
tive force to produce a sine 
wave of magnetic flux. (5) is 
the third-harmonic compou- 
nent of the required magneto- 
motive force wave, and (c) 
is the magnetomotive force 
wave that is drawn from the 


Fig. 12 
line. It is wave (a) minus wave (b). Referring to point m, it 
will be seen that (c) in 1 is lacking sufficient magnetomotive 
force, while 2 and 3 at the same point have a surplus of mag- 
netomotive force. Consider this point on the cycle to be such 
as to have a magnetic flux up through core A in Fig. 13, and 
down through B and C. The extra magnetomotive force tending 
to produce the surplus of flux down through B and C will be 
expended in supplying the deficit up through A, А being 
the return path for Band C. In this way there is an interchange 
of magnetomotive forces between phases, which results in the 
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production of sine wave of magnetic flux and, therefore sine 
wave of voltage in all three phases. 


APPENDIX 


In analyzing the magnetic flux wave of Fig. 3, the first half 
of the cycle was divided into 15 parts and the height of the y 
ordinates for the different parts were measured. These measured 
values together with the time angle and its sine and cosine values 
are given in Table I, П and III. Table I gives the data for the 
fundamental component, Table II for the third harmonic and 
Table III for the fifth harmonic component. The first column 


TABLE I. 
MAGNETIC WAVE ANALYSIS FOR FUNDAMENTAL COMPONENT 


0. 0. 0. 1.0 000 0.00 
12. $ 0.208 0.978 1.81 8.51 
24. 11:7 0.407 0.914 4.76 10.70 
36. 13.0 0.588 0.809 7.64 10.51 
AS. 13.9 0.743 0.669 10.20 9.30 
60. 14.65 0.866 0.500 12.70 7.32 
72. 14.9 0.921 0.309 14.18 4.60 
84. 15.0 0.995 0.105 14.92 1.57 
96. 14.9 0.995 — 0.105 14.82 — 1.56 

108. 14.65 0.951 — 0.309 13.92 — 4.54 

120. 14.2 0 866 — 0. 500 12.30 — 7.10 

132. 13.8 0.743 — 0.669 10.26 — 9.25 

144. 13 0.588 — 0.809 7.65 — 10.50 

156. 12 0.407 — 0.914 4.88 — 10.95 

168 10.6 0.208 — 0.978 2.20 — 10.36 
180 | 7.5/132.24 — 1.75 +7.5 = —0.234 

17.62 


contains the time angles, the second column the у ordinates 
corresponding to the time angle in column 1. Column 3 con- 
tains the sine and column 4 the cosine of the time angles. Со]- 
umns 5 and 6 are the products of the sines and cosines respec- 
tively of the time angle and the y ordinates. * Columns 5 and 6 
are added and their sums divided by 7%. The quotients give 
the respective sine and cosine components of the separate har- 
monies, 

From table I the fundamental wave is made up of 17.62 
sin 0 — 0.234 cos 0 — 17.62 sin (0 — 0.8 deg). 

From table II the third harmonic component is made up of 
3.88 sin 30 — 0.343 cos 30 — 3.9 sin (30 — 5 deg.), also from table 


pu 


S . . 
2 
———— „ы y 
5 a- ve be ed 
ы 21 % 


-as 


- 


* " " я 


= " . ғұ c " ~» 
ч * Г Li 1% 
е | 
— 
" „ # E s 
B 


; L 
a ” “ 
ИУ ONE ттт "Уут .. а -. -. 


1 


E 

| 

; 
4 

$ 


- " M 
чт г 
b h АТАЗ 


Nd m 


ET -- 


e, . 4 4 › 
POPE қайы оло. еб, tps мань E o ~w eel 


жазуды Ки 


9 май (249 ы 


б. чн оь А м. м ё 


a. w^ «ə _ — Ow сле 
А 


>. ене.» -.......... 
on ~ А < - 


ww? Lo 4, Ae od > 


veis 


—.- 


1672 PETERS: TRANSFORMER CONNECTIONS (Әері. 17 


III, the fifth harmonic is made up of 2 sin 50 — 0.905 cos = 50 


2.2 sin (50 — 24.3 deg.) 


The resultant of the magnetizing currents of three phases 


TABLE II. 

MAGNETIC FLUX ANALYSIS FOR THIRD HARMONIC COMPONENT 
ө y Sin 36 Cos 30 y sin 30 y cos 368 
0. 0. 000 +1.000 0.00 000 
IR. 8.7 +0. 588 +3.809 + 5.10 |+ 7.00 
24. 11.7 +0.951 +0. 309 +11.12 |+ 3.61 
36. 13.0 +0.951 —0. 309 +12.40 |- 4.02 
48. 13.9 +0. 588 ‚ —0. 809 + 8.19 |—11.25 
60. 14.65 0.000 —1.000 0.00 |—14.65 
72. 14.9 —0.588 —0.809 = 8.78 |-—12.02 
84, 15.0 —0.951 —0.309 —14.30 |- 4.65 
96 14.9 —0.951 +0.309 —14.20 |+ 4.60 

108 14.65 —0.588 +0.809 — 8.60 |+11.80 

120 14.2. 0.000 -F1.000 0.00 |+14.20 

132 13.8 +0.588 +0.809 + 8.10 |+11.10 

144 13.0 +0.951 -F0.309 +12.38 |+ 4.01 

156 12 +0.951 —0.309 +11.40 |— 3.70 

168 10.6 ' +0.588 —0.809 + 6.23 |— 8.60 

5/29.04 |-2.57+7.5= —0.343 

180 3.88 

TABLE III. 


MAGNETIC FLUX ANALYSIS FOR FIFTH HARMONIC COMPONENT 


9 y Sin 56 Cos 56 


0 0.00 000 +1.00 
12 8.7 +0. 866 +0.50 
24 11.7 +0.866 —0.50 
36 13.0 000 —1.00 
48 13.9 —0. 866 —0. 50 
60 14.65 —0. 866 +0.50 
72 14.9 000 +1.00 
84 15.0 +0.866 +0.50 
96 14.9 +0. 866 —0.50 
108 14.65 000 1.00 
120 14.2 —0.866 —0.50 
132 13.8 —0.866 +0.50 
144 13.0 000 +1.00 
156 12.0 +0. 866 +0.50 
168 10.6 +0.866 —0.50 
180 


y sin 50 


0.00 
+ 7.52 
+10.20 

000 
—12.05 
—12.70 
000 
+13.00 
+12.90 

000 
—12.30 
—11.90 
0000 
+11.22 
+ 9.18 


7.5/15.07 


2.0 


у cos 59 


р. ———————— —— АШЕР ЗЕРНА ee el 


120 degrees apart when the current of each phase is made UP of 


1 sin (9 — 81) + 0.4 sin (30— Bi) + 0.1 sin (50 — Bs) 18 45 


follows: 


Digitized by Google 


1915] PETERS: TRANSFORMER CONNECTIONS 1673 


Fundamental Third harmonic Fifth harmonic 
Phase А, l sin (6 — 81) + 0.4 sin (30 — 83) + 0.1 sin (50 — Bs). 
Phase B, 1 sin (0 — Bı + 120) + 0.4 sin (30 — Вз + 360) + 0.1 sin (50 — Bs + 600) 


Phase C, 1 sin (0 — Bı + 240) + 0.4 sin (30 — В; + 720) + 0.1 sin (50 — 8, + 1200) 


First adding the fundamental. 

sin (6 - В) + sin{(@ — Bı) + 120, + sin }(0 — pı) + 240! = 

sin (0 — Bi) — ісіп (0 — В!) + 0.866 cos (0 — Bi) — і sin (0 — Bi) — 
0.866 cos (0 — В!) = 0. 

Adding the third harmonic components. 


0.4 sin (30 — Вз) + 0.4 sin | (30 — 83) + 360} + 04 sin |(30 — 81) + 720} = 

0.4 sin (30 — 83) + 0.4 sin (30 — 83) + 04 sin (30 — B3) = 1.2 sin (30 — 83) 
Adding the fifth harmonic components. 

0.1 sin (50 - 85) + 0.1 sin |450 — Bs) + 600} + 0.1 sin }(50 — 85) + 1200} = 


0.1 sin (50 — Вь) — 0.05 sin (50 — Bs) - 0.0866 cos (50 — Bs — 0.05 sin (58 — Bs) + 
0.0866 cos (50 — 85) = 0. 


Therefore, the resultant for the three phases equals 1.2 
(30 — Bs). 
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PHENOMENA ACCOMPANYING TRAN SMISSION WITH 
SOME TYPES OF STAR TRANSFORMER CONNECTIONS 


BY L. N. ROBINSON 


| ABSTRACT OF PAPER 

The purpose of this paper is to demonstrate the phenomena 
attending the operation of star-star transformers with grounded 
neutral on the line side. Contrary to current opinions, the 
author believes the abnormal voltages and destructive effects, 
which often accompany star-star operation, are due to even. 
harmonics, at least in a large number of cases. At high mag- 
netic densities, the third harmonic voltage may be appreciable, 
but the indications are that the even harmonics will cause 
damage at nominal magnetic densities lower than those which 
Шіл appreciable third harmonic exciting current. 

he data on which the conclusions are based, include ap- 

proximately 150 oscillogram waves and a correspondingly large 
number of meter readings. The data are omitted from the 
text to a large extent, because the details could not add ma- 
terially to the discussion. The tests are simple and can easily 
to made with an oscillograph in any laboratory or substation. 
One precaution must be kept in mind, namely that the obser- | 
vations should start at low voltages, which may be increased 
gradually until the various phenomena are observed. Unless 
this is done, the equipment may be wrecked. | 


INTRODUCTION 
ERETOFORE, the third harmonic voltage, required to pro- 
duce the necessary third harmonic exciting current, has gen- 
erally been charged with the destructive effects accompanying the 
operation of star-star transformer banks. Thisisa just accusation 
if it can be shown that the third harmonic voltage is large. 
The star connection is generally used in transmission work so 
that the neutral on the line side may be grounded. If the 
line side neutral is not grounded, there may be abnormal and 
dangerous leg voltages due to the third harmonic, as has been 
proved in specific cases; though wreckage is less common with 
this type of connection, as shown by European practise. But, 
when the neutral on the generator side of the bank is isolated 
and the line side neutral is grounded, the Y-capacitive suscep- 
tance of the line is in series with the inductive Y-exciting-suscep- 
tance of the transformer legs; the former susceptance is larger 
than the latter in a system involving a long transmission line; 
1675 
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hence, the equivalent reactance of the circuit for Y-currents 18 
inductive and the third harmonic current lags, contrary to some 
recently accepted opinions. From this, it is seen that the im- 
pedance to Y-currents 1$ not as large as might be supposed from 
a casual survey. Therefore, it is believed that the opinion that 
the third harmonic voltages are responsible for the destructive 
effects accompanying star-star operation with grounded neutral 
on the line side only, 1s based on the coincidence that the path 
for third harmonic current was apparently of high impedance 
in cases where destructive effects resulted from the use of the 
connection. So far as can be ascertained from published data, 
no oscillograms (or similar observations) nor records have been 
made of the forces at play when transformers or line insulators 
have been destroyed by abnormal phenomena due to star-star 
operation. 

The author has observed even harmonics and badly unbalanced 
leg voltages in several different instances within a period of 
eight months. In all these instances, the paths for Y-currents 
were through the open circuit admittance of the transformer 
units. These observations were made under the following con- 
ditions: 

1. A star-star bank, with generator side neutral isolated and 
line side neutral grounded. The duty was charging a line 37 
miles long. 

2. Another bank similarly connected, but composed of units 
made by a different manufacturer and of different ratings in 
every respect. The duty of this bank was the same as for that 
in case (1) but on another day. | 

3. А bank of 1:1 auto-transformer connected star with 
grounded neutral, at the sending end of the 37 mile line, which 
was charged by a delta-delta bank. 

4. А bank of transformers stepping down from isolated neutral 
star to ‘‘ interconnected " delta. In this instance, the current 
circulating in the “ interconnected ” delta contained prominent 
even harmonies. 

5. A bank of 13,200:110-volt potential transformers connected 
star with grounded neutral to the sending end of the 37 mile 
line, which was supplied from a delta-star bank with isolated 
neutral. The secondaries of the potential transformers were 
open-circuited. 

DATA 

Several phenomena appeared consistently, and they seemed 

to vary with the magnetic density in the transformers. However 
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the variation of impressed voltage and consequently the varia- 
tion of the magnetic density were necessary in order to vary the 
Y-currents, which currents are believed to be directly responsible 
for the excessive leg voltages. 

In some cases, when charging the line from transformers 
connected star-star with grounded neutral on the line side, an 
undertone of one-half fundamental frequency was present in 
the leg voltages, and in the currents on the generator side of 
| the bank. 
| In some other cases, two of the leg voltages were approximately 

V7/3 times the delta voltage, while the magnitude of the volt- 
age of the third leg was approximately normal, i.e. 58 per cent 
of the delta voltage. The leg voltages had distinctly different 
wave shapes, and their fundamental components were con- 
spicuously not 120 degrees apart in time phase. The currents 
in the buses on the generator side of the bank were several times 
normal. 

In still other cases, the leg voltages had double frequency 
components, approximately four times as large as the funda- 
mental components, and the transformers vibrated internally. 

In the case of the 1:1 auto-transformers, the delta voltages 
were almost double what they were when no Y-current could 
flow. Тһе delta voltages were of fundamental frequency with 
no double frequency component, while the leg voltages contained 
the large double-frequency component. 

In all cases in which the second harmonic was prominent in 
the leg voltages, it was in time phase in all three legs. This 
was proved by the oscillograms of the simultaneous values of 
the three waves, by a measurement of their vector sum, and by 
the fact that the second harmonic was not in the waves of delta 
voltages (voltages between line conductors). 
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DISCUSSION 


Case 1. The case in which the second undertone, or “ one- 
half ” harmonic was present, is explainable by a periodically 
reversing leg; i.e. one leg of the bank reversed once for each 

_ fundamental cycle, so that the fundamental current in the leg 
flowed in the same direction through the unit during the entire | 
сусе, In the next cycle the leg reversed again, so that the = 

ital current flowed in the opposite direction from that | 
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ground was approximately 58 per cent of the delta voltage, 
while the voltages to ground from the other two conductors 
varied from 58 per cent of delta voltage to 100 V 7/3 = 153 
per cent of the delta voltage; t.e., the voltages from these latter 
conductors to ground varied from normal to 264 per cent of 
normal Y-voltage. On a line with small factor of safety of 
insulation, this 164 per cent abnormal voltage might cause con- 
siderable damage. 

The voltages between conductors (delta voltages) are normal 
if the bank is of star-star transformers with grounded neutral 
on the line side only, because the delta voltages on the station 
side are fixed by the generator, and the neutral on the station 
side of the bank 1$ 1solated and free to float. 

Case II. In the case with the stable, unbalanced leg volt- 
age condition, the neutral on the generator side of the bank 
assumed a fixed position with one leg reversed so that the 
voltages from two of the line conductors to ground were approxi- 
mately V7 = 2.64, times the voltage from the third conductor 
to ground. 

A peculiar characteristic of this case was that different legs 
reversed at different times. The switching was done on the 
station side of the bank. The line was 37 miles of vertical 
tvpe construction with no transpositions to balance the ad- 
mittances to ground. Charging the line the first time, for 
example, leg No. 1 might reverse and continue reversed as long 
as the bank was excited. Switching off and on again might 
bring either leg No. 2 or leg No. 3 in reversed, and the reversed 
leg would be a stable condition as long as the transformers and 
line were energized. Occasionally, the three legs would come 
in without a reversed leg, and conditions would be normal. 

Case III. At approximately 60 per cent of normal voltage 
impressed, the first star-star bank, which was observed, showed 
signs of distress by vibration noises. This condition followed 
charging the line and transformers through а three-pole oil- 
switch on the station side of the bank. The neutral on the 
station side was isolated and the line side neutral grounded. 
Investigation showed a second harmonic in the voltages from , 
line conductors to ground. As stated above, this second har- 
monic was in time phase in all three leys and did not appear 
in the delta voltages, which latter were of normal magnitude. 
In this case, the second harmonic was approximately four times 
the fundamental component of the leg voltage. 
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In explanation: The impressed Y-voltage on the generator 
side of the bank produced an exciting current and correspond- 
ing flux, which induced the nominal line side ley voltage prac- 
tically 180 times degrees behind the impressed leg voltage. 
The Y-susceptance of the 37-mile line 1s capacitive. The Y- 
currents in the line side of the bank must flow through the 
transformers with the station side of the bank open-circuited 
for Y-currents; 1.е. the line side Y-reactances of the trans- 
formers are the open-circuit reactanées. Тһе capacitive Y- 
susceptance of the line is equivalent to a capacitive reactance, 
and is in series with the inductive Y-reactance of the trans- 
. formers. The inductive reactance of the transformer is the 
larger of the two. Consequently, the resultant reactance of 
the circuit of Y-currents 15 inductive and less than the reactance 
corresponding to the exciting susceptance of the transformer. 
Hence, the line side Y-currents will be lagging, and of the order 
of magnitude required to excite the transformers at nominal 
voltage. The lag of this current will be more than 180 degrees 
and less than 270 degrees behind the impressed leg voltage on 
the generator side of the bank. The voltage induced by the 
flux corresponding to the Y-current 1s less than 90 time degrees 
ahead of the impressed leg voltage. 

The “ resultant ” leg e.m.f. on the generator side of the bank 
is, therefore, the vector sum of the impressed leg voltage and 
the voltage induced by the Y-current. That is, the '' result- 
ant " leg voltages are above normal counter-e.m.f. and in three- 
phase relation. In order for this condition to exist, the neutral 
оп the generator side of the bank must move in the e.m.f. dia- 
gram, and its motion is the effect of two sine wave e.m.fs. 
Thus, the equivalent motion of the neutral is in the axis per- 
pendicular to the plane of the fundamental frequency e.m.fs. 
In other words, the e.m.f. vectors of fundamental frequency 
may be represented in the xy-plane, while the vector represent- 
ing the motion of the neutral is coincident with the z-axis. 

As to frequency, at the instant of the maximum value of the 
above ''resultant " leg voltage, the neutral is at its maxi- 
mum displacement. At the zero value of the “ resultant ” leg 
voltage, the displacement of the neutral is a minimum. At 
the minimum, or negative maximum of the " resultant " leg 
voltage, the displacement of the neutral is again a maximum, 
etc. Thus, it is seen that the displacement of the neutral is 
at double the frequency of the impressed leg voltage. Hence, 
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the counter e.m.f. between the actual neutral and the average 
position of the neutral is a double frequency e.m f. 

The above phenomena are transformed to the line side of 
the bank and the line side leg voltages are proportional to the 
square root of the sum of the square of the double frequency 
neutral e.m.f. plus the square of the vector sum of the impressed 
leg voltage and the fundamental voltage induced by the line 
side Y-current. | 

Because the neutral оп the generator side of the bank is free 
to float in transformer banks connected as in this case, the 
delta voltages are not affected, but are transformed in the 
nominal ratio of the units. 

As previously stated, the line side Y-current is more than 
180 and less than 270 time degrees behind the impressed leg 
voltage. That is, the Y-current lags behind the line side 
" nominal leg voltage." In the general case then, the Y-cur- 
rent produces a component of flux opposite in phase to, and 
a component in quadrature to, the flux corresponding to the 
impressed leg voltage. 'The quadrature component of flux 
produces the mechanical stresses and vibrations evidenced bv 
the noises. | 

Case IV. The 37-mile line was energized from a delta-delta 
bank of transformers. The neutral on the line side at the send- 
ing end was grounded by a star-connected bank of transformers 
whose secondaries were star-connected with no load, 1.е., open- 
circuited. Thus, the star transformers were three iron-clad 
reactances legged, one from each line conductor to ground. 
However, they presented the only path for Y-currents, and 
therefore operated as 1:1 auto-transformers in respect to У-сит- 
rents. The neutral of this bank, being grounded, could not 
pulsate to maintain the proper delta counter e.m.fs. The result 
was, that the delta voltage was raised to nearly twice the mag- 
nitude that existed when the line was disconnected; that is the 
path for Y-currents through the line and auto-transformers was 
essential to the phenomena; and the delta voltage was approxi- 
mately V3 times the “ resultant ” leg voltage discussed in 
Case III. This excess delta voltage was dissipated in the 
line and backed up into the supply source, an extensive public 
service corporation network. 

As expected, the second harmonic was prominent in the line 
Y-voltages, and not noticeable in the delta voltages. 

Notwithstanding the excessive second harmonic leg voltages, 
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there was no appreciable third or sixth harmonic in the Y- 
voltages, though the Y-currents contained a large component 
of sixth harmonic frequency in both Case III and CaseIV. 

This fact proves that the Y-impedance of the line to third 
and sixth harmonic currents was small in this case, and it in- 
dicates that the same is true of other long lines. 


CONCLUSIONS 


The conclusions to be drawn from this demonstration are 
well known axioms so far as concerns commercial operation of 
star-star transformers or auto-transformers. 

I. The use of star-star-connected transformers in long-distance 
transmission, with only the line side neutral grounded, is a 
dangerous practise unless a tertiary delta, or its equivalent, is 
used to stabilize the neutral. 

II. The use of grounded neutral star-connected auto-trans- 
formers in long-distance transmission is also a dangerous practise 
unless a tertiary delta, or its equivalent, is used. 

III. Grounding the neutral of an otherwise isolated trans- 
mission system by three iron-clad reactances or auto-transfor- 
mers connected in star is a dangerous practise. 

IV. The use of star-star transformers or auto-transformers 
on a grounded-neutral transmission system i@ safe if tertiary 
deltas, or their equivalents, are used at enough points to 
stabilize the neutral. With this type system, a liberal factor 
of safety is necessary in order to cover the emergency of the 
failure of the transformers containing the tertiary deltas. 

V. The instability of the neutral due to double-frequency 
e.m.fs. is the reason why the grounded star transmission without 
secondary or tertiary deltas, or their equivalents, is condemned 
as bad practise. 

VI. This demonstration leads to a comprehensive under- 
standing of the possibilities and impossibilities, rather than the 
advantages and disadvantages, of the grounded star and isolated 
types of transmission. 


.” Ы 
s ao. 


ы” ө А 
+ 
. М ч 
LI 
Ф 
* * 
е * 
+ Ф 
L 
М " > e 
жы ғ 
в e йы, ` 
à 
t . * ® 
е 
Ld "e 
„ е 
> е 
a 
* ғ“ 
- г ө 
" - 
EJ 
* % >» 
4 = А - 
е 
ku We > + 
Р 
П е > 
* “ 
a 
a s 
„> 
ж 
- e 
= 
к LJ 
т? е 
.- E 
- - 
> 
me « 
t. ^ 
, 
* 
; ж 
‚ s - 
ME. 
. 
2 “ 
Ф 
5 > 
P od 24 
LI е м ? 
a + - 
e 
t а 
“ e 
е 
ә 
E е 
Ф 
4 
ш @ 
т * 
" е, в 
% т 
- 
- 
- % . 
2 
. 
* 
- A * 


æ 


DPI 


—щ—Ю—— — am — Á Ó— --- 


То be presented al the Panama-Pacific Convention of 
the American Instilule of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transacttons.) 


DELTA-CROSS CONNECTIONS OF TRANSFORMERS 


FOR PARALLEL OPERATION OF TWO- AND THREE-PHASE 
SYSTEMS 


BY GEORGE P. ROUX 


ABSTRACT OF PAPER 


Two methods of transformer connections, the tec-cross and 
the delta-cross, are described with their application for parallel 
operation of two-phase and three-phase systems. 

An attempt is made to explain as clearly as possible the 
voltage. current and phase relation, and the dephasing action 
which take place in each case. 

The delta-cross system of connections lends itself to a great 
number of applications, either for the parallel operation of two- 
phase andjthree-phase systems ог for the simultaneous supply of 
two-phase and three-phase power from one bank of trans- 
formers. It is to be noted that in this system of connections 
no special taps are required, except a 50 per cent tap on one 
transformer (usually easily obtainable), the compensation of 
one phase of the system being done externally by means of a 
small booster transformer. 

The simplicity of connections, the feature that no special 
transformers are required, and no special taps necessary, give 
the electrical engineer facilities to тесі promptly and econo- 
mically the requirements inherent to two-phase and threc- 
phase simultancous distribution from only one transformer 
bank. 


N THE merger and consolidation of electric properties into 
larger systems, the electrical engineer, in his task of 
rehabilitation and reorganization of the physical properties for 
more convenient and economical operation, very often finds two 
generating plants that could be operated in parallel, but un- 
fortunately, one has a two-phase and the other a three-phase 
generating equipment and distribution system. 

The changing of either one of the systems to conform to the 
other involves considerable expense and a great deal of work and 
inconvenience, besides introducing some delay in completing thc 
unification. It may also be desirable to supply the consolidated 
system from one plant and keep the other plant as a reserve or 
standby, at least for some time until the erecting of a central 
power plant is warranted. 


Manuscript of this paper was received July 8, 1915. 
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Under these conditions it is generally the practise to rewind 
the generators whenever this is feasible. This is quite an under- 
taking, usually interfering with the service, and is a useless ex- 
pense if the rewound equipment is only temporary. 

The parallel operation of two-phase and three-phase generators 
or of a two-phase and a three-phase system, or better yet the 
simultaneous distribution through four wires of two-phase and 
three-phase energy, сап be effected in a very simple and economi- 


Three-Phase 
Generator ^----------- Generator 


Fic. 1—ONE PHASE IN PARALLEL 


cal manner, with no alteration or change in the mode of operation 
of the existing equipment, and at very little expense. 


PARALLELING Two-PHASE AND THREE-PHASE GENERATORS 


In this case we have two generators of the same voltage and 
frequency. Phase А of the two-phase generator is in phase with 
phase C of the three-phase generator, as shown in Fig. 1. These 
phases can therefore be connected to each other. 

Phase B of the two-phase generator is 30 degrees from phases 


Generator Generator 


Fic. 2—PARALLELING Two-PHASE AND THREE-PHASE 
THROUGH AUTO-TARNSFORMER 


D and Е of the three-phase generator, and it is necessary 9 
swing this phase from 90 degrees of phase A, 30 degrees one Way 
and 30 degrees the other, that is, make this phase oscillate to 
keep it in phase with the two other phases of the three-phase 
generator. 

To perform this operation automatically, we interpose between 
the generators an auto-transformer consisting of two transform- 
ers, M and T, each having a single winding, and connect the 
systems as shown in Fig. 2. 
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Each transformer has a 100 per cent winding, the main trans- 
former M, is provided with a 50 per cent tap, and the other, 
the teaser 7, with an 86.6 per cent tap. They are not connected 
in T but in the form of a cross, with the 86.6 per cent tap of the 
teaser connected to the 50 per cent tap of the main. 

The cross-connected auto-transformer will operate in the well 
known manner of the Scott connected transformer for phase 
conversion from two phase to three phase, and vice versa. The 
13.4 рег cent of the winding of the teaser operates as an auto 
booster to balance phase B, which otherwise would be short 
13.4 per cent as only 86.6 per cent of its winding is utilized in 
phase conversion. 

Fig. 3 shows the two generators connected on a four-wire 
busbar, to which single-phase,two-phase and three-phase feeders 
are connected and can be fed, with either machine operating 
singly or both in parallel. 


НР 

ПГ Ш ШИШ LI ILI, 
Auto- 

Transformer 


2-Phase Single- Phase 3-Phase 
Two-Phase Feeders Three-Phase 
Generators Generators 


Fic. 3—PARALLEL OPERATION ON Two-PHASE AND THREE-PHASE 
GENERATORS ON Four-WIRE DISTRIBUTION Bus, THROUGH AUTO- 
TRANSFORMER 


It is obvious that all phases are equally balanced, no matter 
which machine operates, as in the case of a Scott connection. 
The two machines can be located in the same engine room, or in 
different power houses some distance apart, their number and 
size being immaterial, provided they have the necessary charac- 
teristics for their operation in parallel. 

Quarter phase machines (that is, two phase-generators having 
their windings inter-connected) cannot be operated with this 
system, however, as the auto transformer would short circuit the 
phases. 


PARALLEL OPERATION WITH HIGH TENSION SYSTEM 


For the parallel operation of a two-phase and a three-phase 
generating plant with a system of higher or lower potential, 
the two-phase and three-phase generators operating in parallel 
as in the above case, and at the same time in parallel with a sys- 
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tem of different potential, two other styles of connection can be 


used: 

T— Cross connection. By the addition of a high-tension wind- 
ing to the cross connected auto-transformers, as shown in Fig. 4, 
the three systems can be operated in perfect harmony and witha 
high degree of flexibility and independence. The diagram of 
Fig. 4 is also clear and simple enough, so requires no further 
explanation. 

Delta—Cross Connection. Another system is still more con- 
venient and advantageous. It consists of three transformers 
connected in closed delta, each transformer identical in size, 
windings and characteristics, and of a capacity corresponding to 
one-third of the requirements. No special taps need be provided 
except the usual 50 per cent taps to be brought out of one trans- 
former only. Тһе three transformers are connected in delta, 


High Tension 
System 


Feeders Generators 


ross Conn 
Cross Connected Зорка 2-Phase Single 2-Phase 3-Phase 


Transformers 


Scott Connected i-e 


Transformers 

Fic. 4—PARALLEL OPERATION ОЕ THREE-PHASE INCOMING OR OUT- 

Goring HIGH-TENSION LINE WITH Two-PHAsE AND THREE-PHASE GEN- 

ERATORS ON FOuUR-WIRE DISTRIBUTION Bus, THROUGH T-CnRoss-CoN- 
NECTED TRANSFORMERS 


as shown in Figs. 5 and 6, and a booster transformer having 
13.4 per cent the capacity and voltage of one phase of the two- 
phase system, is connected to the 50 per cent tap of one of the 
transformers, completing the delta-cross connection. 

The three delta-connected transformers, as per Fig. 6, behave 
like Scott-connected transformers through the 50 per cent tap 
of the main, and both phases AB and AC are swung alternately 
30 deg. around; AD, the phase resultant of АВ and AC is 90 deg. 
to phase BC, but with a value of only 86.6 per cent for AB. 
Adding outside of the delta DE, 13.4 per cent of phase AB, 
makes phase A E of the same value in both voltage and capacity 
as each of the others. 

The 13.4 per cent addition (whose capacity is only 6.7 per 
cent that of the bank) is made to BC by using an ordinary pole 
type transformer connected so as to boost to the proper value. 
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Where potentials higher than 2300 volts are used in the two-phase 
system, a booster transformer with better insulation is naturally 
required. 

Two-phase and three-phase current can be drawn from or put 
into the transformers connected in this style, and two-phase and 


System Connected Feeders Generators 
Transformers 3-Phase 2-Phase 3-Phase 2-Phase 


Delta Connected 
Transformers 


Fic. 5—PARALLEL OPERATION OF THREE-PHASE INCOMING OR OUT- 
GOING HIGH-TENSION LINE WITH Two- PHASE AND THREE-PHASE 
GENERATORS ON FourR-WIRE DISTRIBUTION Bus, THROUGH DELTA-CROss- 
CONNECTED TRANSFORMERS 


three-phase generators both operated in parallel and with the 
high tension system, with absolute security and flexibility with- 
out affecting the operation of any part of the system. 

Fig. 5 shows the practical operating conditions of such a sys- 
tem that has been in operation for four years with complete 
satisfaction, which consists of three 500-kv-a., 6600/2300-volt 


Fic. 6—DELTA-Cross' TRANS- Fic. 7—PHASE, VOLTAGE AND 
FORMER CONNECTION CURRENT RELATIONS OF Two- 
AND THREE-PHASE SYSTEMS 


transformers connected delta-cross. Another installation with 
three 100-kw., 6600/2300-volt transformers connected delta- 
cross has been operating under similar conditions for three 
years, paralleling two generators two miles apart. The two- 
phase generator has been replaced lately by a three-phase ma- 
chine of a larger capacity, and the two-phase apparatus on the 


Фа 
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line has also been changed to three-phase. Тһе three 100-kw. 
transformers have been kept in the plant and the only change 
made was the removal of the cross of the delta—that is, the small 
booster transformer, as there was no further usc for the two-phase 
current. 

Three two-phase systems cach 120 deg. apart, and one three- 
phase svstem, could be supplied through this style of connection 
requiring only six wires, as illustrated in Fig. 6, with each phase 
60 deg. apart; that is, а six phase system could be supplied and 
sub-divided again into six phases making a twelve phase system, 
each with a 30 deg. angle difference. 

The removal of one of the two teaser transformers of Fig. 5— 
that 15, operating in open delta—would not interfere with the 
two phase transformation, except that the capacity of the bank 
of transformers would be reduced correspondingly. 

Should the two-phase system be abandoned later, the booster 
transformer can be removed and the bank operated closed delta 
in the ordinary way. 

The diagrams of Figs. 6 and 7 show the principle of the trans- 
formation of three-phase to two-phase. The current of the teasers 
instead of coming to the middle of the main, enters the ends and 
leaves at the middle. A phase displacement of 30 deg. is effected 
or from 120 deg. to 90 deg. The phase so displaced, although 
having the proper angle, has not its original voltage value but 
only that of cosine of 30 deg. .Тһе complement is made through 
the booster transformer and is in phase with the phase boosted. 

The three-phase currents are not displaced or affected in any 
way. It is evident that the current circulates in the windings 
and distributes itself automatically according to the resistance 
of the exterior circuits, that is of the two-phase and the three- 
phase system. 

The applications of the systems of transformer connections 
described above, are practically unlimited, whether for per- 
manent or temporary installations. 

In the case of an isolated power plant supplying a two-phase 
system of distribution and later fed from a three-phase trans- 
mission line system, no changes are required to the existing local 
distribution system; and yet it can be gradually changed into a 
three-phase system, all new motor installations being three- 
phase. The motors of the old installations when replaced at any 
later time, can be changed to three-phase. The two-phase local 
generating plant can be operated any time without interfering 
in the least with,the operation of the entire system. 
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A two-phase and a three-phase installation can be fed from 
one bank of transformers simultancously, without mutual 1п- 
convenience. The 86.6 per cent tap on T- or Scott-connected 
transformers, can also be eliminated, as it is very often found 
difficult to provide for a tap of this value, which somewhat 
affects the internal stress of the transformer, while a 50 per cent 
tap is not objectionable. The eliminated complement of the 
86.6 per cent tap can be compensated outside of the. transformer, 
so that one transformer has a 100 per cent winding and the other 
115.5 per cent thus restoring equilibrium in phase value. 

The theory of the phase transformation which takes place in a 
system of transformers connected cross-delta, as shown in Fig. 
6, is in a way similar to the dephasing action in T-connected 


transformers. The two-phase system is interlocked with the . 


three-phase system, through one of their respective phases, which 
are in phase with each other. See Figs. 1 and 7. 


VOLTAGE RELATION 


Let us connect a three-phase system with a two-phase system 
of the same frequency and voltage, to three transformers having 
the same number of turns and the same impedance, and con- 
nected in closed delta as per Fig. 6, with a smaller transformer 
connected at D, midway between B and C; this transformer 
either to reduce or increase the terminal e.m.f. of line four so 
that the e.m.f. applied between D and A is only equal to EV 3/2 
= 86.6 per cent of the three-phase e.m.f. The resultant e.m.f. 
between B and A, and C'and A, each 30 deg. from DA, will be 
86.6/ cos 30 deg. = E; that is, equal to and in phase with 
the three-phase e.m.f. between lines one and two, and one 
and three. Between lines two and three, the e.m.f. of the two- 
phase line is equal to and in phase with the e.m.f. of the third 
phase of the three-phase, both phases being in phase and inter- 
locked. 

Conversely, if we apply a three-phase voltage to the above 
transformers, the resultant voltage on the two phase side would 
be E = 100 between B and C, or at terminals of line one; and 
Е Х 0.866 at A and D, or 86.6 to which the small transformer 
DE adds the complement of (Ё — cos 30 deg.) = 13.4; the ter- 
minal voltage of line four will again be 86.6 + 13.4 = 100 = E. 

If we remove transformer two or one, we will have an open- 
delta three-phase connection and still have the same voltage and 
phase relations between the two systems. 


бб мз. 
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The addition of the appendix, DE, forming the cross of the 
delta, serves no other purpose but that of balancing the voltage 
in one phase of the two-phase system, which can be but 86.6 
per cent that of the three-phase svstem, the two systems acting 
as if the delta was superposed with a phantom inverted T-con- 
nection, of which 13.4 per cent of the upper end forms the ap- 
pendix at the middle base of the delta, and:acts only in combina- 
tion with the short leg of the two-phase systems. 


CURRENT RELATIONS 
We have seen that one phase of the two-phase system is inter- 
locked with at least one phase of the three-phase system. The 
voltage and current of these two phases are therefore in phase, 


` the voltages having the same value, but the currents differing by 


a constant ratio throughout the cycle equal to V3/2. 

The angular difference between each phase of the three-phase 
system is 120 deg. while only 90 deg. in the two-phase system. 
The respective angular position of each phase of both systems 
is shown in the crank diagram of Fig. 7. We therefore have 
phases I of each system in phase with each other, and phase IV 
of the two phase system 30 deg. in advance, or leading phase II, 
and 30 deg. behind or lagging, and in quadrature with phase 
III, time rotating counter-clockwise. 

To have a better understanding of the dephasing operations 
which have to take place during one cycle or revolution, let us 
consider a three-phase system of 30-kw. and a two-phase system 
also of 30 kw., both connected to a circuit without inductance 
or capacity, each system to satisfy the following conditions: 

30 kw. three-phase = EJ УЗ or 100 volts and 173.2 amperes per 
phase; 30 kw. two-phase = EI + EI ог 100 volts and 150 
amperes per phase; that is, the current in each phase of the 
two-phase system differs V/3/2 (or 0.866) with the current in each 
phase of the three-phase system, and is equivalent to 
EI УЗ 
2Е 


Connecting the primaries of three 10-Ку-а. single-phase 
transformers in closed delta, as shown in Fig. 6, and omitting for 
the time being the secondary windings, these transformers can be 
considered as three auto-transformers with a ratio of 1 : 1. 

These transformers are connected to the three-phase system, 
as indicated in Fig. 6, and in addition, we connect phase I of 


cc APR AS — ала 


i. - 
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the two phase system at B and C, and phase IV at A and D, 
where D is equidistant from BC. 

Let us assume that only the two-phase generator 1s operated 
and that 30 kw. three-phase is required. 

We will have the phase relations of the combined system, as 
shown by the polar co-ordinates of Fig. 8, from which we see 
that phase I of the two-phase system is parallel and therefore 
in phase and in time position with phase I of the three phase 
system. | | 

Phase IV of the two-phase system is 90 deg. from phase I 
and exactly half way between phases II and III of the three- 
phase system; that is, leading phase II 30 deg. and lagging 30 
deg. and in time quadrature phase III. In all the diagrams we 
assume the independent variable, the time, rotating counter- 
clockwise. 

Taking the instantaneous values corresponding to time /, 
we have, as shown in Fig. 8, for the three-phase system. 

Phase I, 1 cos 90 deg. at maximum and carrying 173.2 amperes. 

Phase II, $ cos 60 deg. and carrying 86.6 amperes. 

Phase III, 2 cos. 60 deg. and carrying 86.6 amperes. 
and for the two-phase system 

Phase I, 1 cos 90 deg. at maximum and carrying 150 amperes. 

Phase IV, 7 cos 0 and carrying no current. 

Referring to Figs. 6 and 8, we see that the threc-phase current 
flowing from О to Т, is 173.2 amperes, and is made up from 150 
flowing in phase I of the two-phase system from O through lines 
I, and passing into the transformers of Fig. 6 from B to C with 


150 
2 cos 30 deg. 


= 86.6 amperes in phases II and III toward O of Fig. 8, making 
again a total of 86.6 + 86.6 = 173.2 from Oto T 1. 

The current values and relations are also shown in crank 
diagram of Fig. 9, the dotted line showing the current in. phase 
IV, which at that time is zero. 

Taking another time position, as for 74, where the current in 
phase I of the two-phase and three-phase systems is zero, we 
have the following respective instantaneous values: 

For the three-phase system 

Phase I, 4 cos 0, carrying no current 

Phase II, $ cos 30 deg. carrying 150 amperes. 

Phase III, 4 cos 30 deg. carrying 150 amperes. 
and for the two-phase system 


two resultants at 30 deg. in B A and C A,each of 
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Phase I, 1 cos 0, carrying no current. 

he Phase IV, 2 cos, 90 deg. carrying 150 amperes. 

| Following Figs. 6 and 10, we see that the current flowing 
through Т 4 has the same value, 150 amperes in phase II and 
III, and at that time it is at maximum, ог 150 amperes in phase 
9 IV, flowing toward О and entering the transformers at A, through 
"Lr o line 4, where it divides into two halves, each 75 amperes 30 deg. 

15 


ays apart, forming two resultants in A B and А C equal to Gus 30 dez. ! 


— 86.6 amperes, with a resultant of (86.6 -- 86.6) cos 30 deg. 


I 
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rics. 8-15— POLAR AND CRANK DIAGRAMS SHOWING PHASE RELATIONS 
AND CORRENT VALVES POR T, ТЕ. T> ane T; 


- = 150 amperes in BC, flowing through T 4 of Fig. 10. Тһе 

dephasing action is also shown in the crank diagram of Fig. 11. 

| The current in phase I of the two-phase system at T 4 being 

A zero, is shown in dotted line. 

The splitting and phase relation of phase IV is best shown on 

| Fig. 10, where the shaded portion indicates the position of each 

г half of phase IV after being dephased, and where one-half is 

shown in time lag quadrature to phase III. Тһе two halves are 

МАР hinged at Oin the polar diagram, ог at А in the transformer соп- 
2 nection, and open like a jaw 30 deg. each way as indicated. 
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If we now take time Т 2, we have the following conditions— 
shown on Figure 12: 

For the three-phase system 

Phase І,2 cos 30 deg. carrying 150 amperes. 

Phase ІІ, : cos 30 deg. carrying 150 amperes. 

Phase III, 2 cos 0 carrying no current. 
and for the two-phase system 

Phase І, $ cos 30 deg. carrying 129.9 amperes. 

Phase IV, 4 cos 60 deg. carrying 75 amperes. 

At T2 wehave different conditions in the two-phase svstem: 
75 amperes in phase IV in series, and 90 deg. from 129.9 amperes 
in phase I. The resultant of these two currents is 150 amperes, 
as indicated in the crank diagram of Fig. 13, which flow in phase 
I and II of the three-phase system by Т 2, current in phase III 
being at zero. 

At T 3, we have the identical conditions that we had at Т 2, 
except that the current is at zero in phase II, instead of in phase 
III, as shown in Figs. 14 and 15. 

For any other time position during the cycle, the same de- 
phasing process takes place automatically, with the same current 
relations and values corresponding to each angular position of 
the combined system. | 

The total power of each polyphase system is: 

For the two-phase system, 


EI V3 + ЕГУЗ _ ЕГУЗ _ EI V3 
2 2 2 2 
and for the three-phase system, 


= I cos 30° + 2- Г cos 30° + E кА I - EI УЗ 


VOLTAGE AND PHASE TRANSFORMATION 


Adding a secondary winding of any given ratio of turns to the 
transformers of Fig. 6, and assuming that only half of the total 
30-kv-a. of the bank is used in the feeders, requiring no voltage 
transformation, the other half or 15 kv-a. can be used at a higher 
voltage, the voltage transformation taking place in the ordinary 
way in the secondary windings of the transformers which can be 
connected either delta, open-delta or star, or any other convenient 
way. Тһе system is necessarily reversible, and power of a higher 
voltage can be transformed to a lower voltage and dephased at 


will. 


1694 ROUX: TRANSFORMER CONNECTIONS (бері. 17 


This system of transformer connection lends itself to a great 
number of combinations and answers practically all service 
requirements. 

We might mention that it is possible to wind armatures of 
alternators with a cross-delta connection of Fig. 6, апа supply 
two and three-phase currents from the same generator. This 
style of winding can also be applied to motors which would 
operate with two-phase or three-phase current at will, without 
alteration to the external winding connections. 

In both cases the auxiliary winding necessary to complete the 
delta-cross, would be supplied outside of the machine, through 
а small transformer. 


То be presented at the Panuma-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 16, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE EFFECT OF TRANSIENT VOLTAGES ON 
DIELECTRICS 


BY F. W. PEEK, JR. 


ABSTRACT OF PAPER 


[n practise, failures of dielectrics are generally caused by tran- 
sient voltages. It is, therefore. of great practical importance to 
determine the various phenomena affecting the strength of di- 
electrics and means of protecting them when they are subjected 
to known transient voltages. Ап impulse generator from which 
impulse voltages of any given wave front, length of tail, etc., 
can be obtained 1s described. 

Energy is required to rupture gascous, liquid and solid diclec- 
trics; this introduces a time element. Thus, on account of this 
time lag, when voltage is applied at a very rapid rate, as by an im- 
pulse, spark-over does not occur when the continuously applied 
break-down voltage is reached. Тһе voltage ''over shoots "' 
or rises above this value during the time rupture is taking place. 
This excess, or rise, in voltage above the continuously applied 
break-down value is greater the greater the rate of application. 
The time depends upon the nature of the dielectric, the dielectric 
field, the shape and spacing of the electrodes, initial ionization, 
etc. 

The strength of air between spheres and needles for impulses of 
different front, length of tail, etc., is given, as well as the time 
in micro-seconds and the voltage required to rupture air between 
spheres and needles on the front of waves rising at various 
rates. 

Transient spark-over and corona voltages for wires, surface 
spark-over, insulator spark-over, effects of polarity, air density, 
practical application, сіс. are given. 

Transient spark-over voltage and time are recorded for oil, and 
various solid dielectries. 

The general laws of breakdown of dielectrics by transient volt- 
ages are summarized. ` 


INTRODUCTION. | 
Е“ ERGY is required to break down gaseous, liquid and 
solid dielectrics. This introduces a time element. As ап 
example consider air. For continuously applied a-c., or d-c. 
voltages, rupture occurs when a given gradient is reached. This 
voltage gradient is constant and is termed the strength of air. 
Manuscript of this paper was received June 16, 1915. 
Te 2. wine to acknowledge indebtedness to Mr. B. L. Stemmons 
ul assistance in making experiments and calculations. 
Әсе Hayden and Steinmetz— Disruptive Strength with Transient Vol- 


tages, Trans, A. I. E. E., 1910. 
1695 
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It may be defined in terms of the electron theory as the gradient 


that is necessary to bring the ions up to sufficient velocity to 


produce other ions by collision with atoms or molecules. Break- 
down takes place when ionic saturation is reached along a given 
path. The time element is not noticeable when the voltage is 
continuously applied. If, however, the time of application is 
very short, or limited, as is the case with transients, a higher 
voltage is required to produce ionic saturation in the limited 
time, than when the voltage is continuously applied. 

The rupturing energy and the time to cause rupture when a 


200 Kv. 
Trans- 
former 


Fic. 1 


given transient voltage is applied, vary with the dielectric 
material, the dielectric circuit, thickness of material, initial 
ionization, etc. Data on, and the law of the variation of, insu- 
lation strength when subjected to transient voltages is of great 
practical importance, as most insulation failures are due to 
such voltages. 

The following investigation was made to determine the various 
phenomena affecting the strength of dielectrics when subjected 
to transient voltages. In order to make such an investigation 
a generator capable of supplying impulses of given wave front, 
tail, etc., is necessary. 
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METHOD OF PRODUCING KNOWN TRANSIENT VOLTAGES 


| 

| The Impulse Generator. The impulse generator is shown in 
Fig. 1. Its operation is as follows: Constants of the circuit, С, 
L and R,, are adjusted for the desired impulse, and the sphere gap 
A set for a given voltage, E. The transformer voltage is then 
gradually increased until the gap A discharges. Fig. 2 is an 
oscillogram of voltage across the gap A, and transformer current 
in the gap. This oscillogram shows that the gap at A breaks 
down at the maximum point of the 60 ~ wave, and that the volt- 
age across A drops to zero. The arc at A holds and short 
circuits the transformer until the transformer voltage is removed. 
Сар А thus automatically measures the applied low frequency 
voltage and in effect, closes the circuit as a switch. This is the 

novelty of this generator and makes such tests possible. The 

| transformer is separated from the impulse circuit by the re- 

| sistance w. 

The equivalent circuit is shown in b orc, Fig. 1. As soon as the 
are closes the circuit, the condenser discharges through the arc 
and through the inductance and resistance. The transient con- 
denser discharge current causes a transient voltage across the 
resistance R,. Іп the generator used in these tests, R, is a water 
tube resistance. Г, is made up of single layer coils in air. The 
condensers are made of glass coated with tinfoil. The foil is so 
placed that appreciable corona losses do not occur. 

The discharge current of a condenser through a resistance and 
inductance is,! М 


| _ ВЫ  _ В+ 
ЕЦ, 21. 28 13 (1) 


р rar ar 
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R-—St R+St 
ER [^E UU 
€ 2L € 2L 


[UR Же М (2) 


. Where E = voltage across gap A (or condenser at /:=0). 
t = time in seconds. 
L = inductance. 
R = resistance of water tube, arc, coils, leads, etc. 
R, = resistance of water tube which is practically 


and Crehore, Alternating Currents. | 
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1. See Steinmetz, Transient Phenomena and Oscillations or Bedell 
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the total resistance of the circuit. 


S-Mm-i 
If R < = 
е = B. E in 3r t (3) 
Where gepa ыа 


Equations (2) and (3) are not changed as long as CL and СК 
are constant. They may be re-written, using 


A = CL 
B=CR 


and thus involve only two constants of the circuit.. With this 
substitution, (2) becomes 


B 
2E - ga! B ,/44 ) 
€ — 11! 
44 _| sin (25 B: (5) 
В? 


(4) and (6) may be uscd in calculating the impulse voltage, ё. 
For any given adjustment of A and B, the maximum of the 
impulse voltage, or the impulse voltage after any given interval 
of time, [, is? 

e — KE (6) 


2. И К is found by inserting / from (7) in (4) or (5), KE is the maximum 
impulse voltage. 
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If the constants are such that R? > 5 the impulse is loga- 
rithmic and non-oscillatory and equation (4) is used. If the 


constants are such that R? < a the transient is oscillatory 


and the trigonometric equation (D) is used. By using (D) in 
such a way that only the first half wave is appreciable an im- 
pulse approaching a single half of a sine wavelmay be obtained. 
In such a case it is sufficient that the wave approximately follow 
a sine law,from zero up to the maximum, and on the fall- 
ing wave to a point below the 60 ~ breakdown voltage 


of the insulation tested. Correction may be made for 


К: if necessary by multiplying e by Кі. The time at 


which the maximum of the wave occurs is 


{ = Кс нн tan 4- (Та) 
q R 
for the trigonometric case, and 
L R+S (Tb) 


айсы жек: 


for the logarithmic case. 


Such waves are shown in Figs. 3 and 4. Tables I and II are 


given to show the method of making calculations. 


”) 
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The electrodes across which the transient spark-over voltages 
are to be studied, or the electrodes between which is placed the 
insulation under test, are connected across the resistance Ri. 
Gap A is set to give the desired impulse voltage. The trans- 
former voltage is then increased until arc-over occurs. The 
test piece places a capacity, Cı, in multiple with the resistance, 
R,. Unless С, is quite small compared with C the impulse will 
be modified by Сі. И not otherwise stated in the tests, Ci is too 
small to affect results as shown by calculations and tests. 


GENERAL DISCUSSION OF THE EFFECT OF TRANSIENT VOLTAGES 
A definite finite amount of energy is required to break down 


 airorotherinsulation. This means that break-down cannot take 


place instantly upon the application of voltage but that finite 


TIME 
Fic. 4 


time must elapse between the application of voltage and the 
break-down. The time depends upon the rate at which the 
voltage is applied, the dielectric material, the shape and spacing 
of the electrodes, initial conditions, etc. The strength of air 
under transient voltages will first be considered. 

When the time of application of the voltage is not limited, as 
at 60 ~ a-c., or d-c., air breaks down at a gradient of 30 kv. per 
cm. maximum (6 = 1). This may be again defined in terms of 
the electron theory as the gradient necessary to bring the ions 
up to sufficient velocity in their mean free path to produce other 
ions by collision with atoms and molecules. Break-down occurs 
when a sufficient number of collisions take place to produce ionic 
saturation. Initial ionization, even to a considerable extent, 


3. Е. W. Peek, Jr..—Law of Corona, I, II, III, A. I. E. E. TRANS. 
1911, 1912, 1913. 
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does not appreciably change this gradient for continuously ap- 
plied voltages. However, the time required for ionic saturation 
to take place may be changed by initial ionization. This time 


TABLE I. 
CALCULATION OF IMPULSE WAVE 


— -- 


С = 0.0005 X 10-8 farads. Г = 0312 X 10-3 henrys, R = 520 ohms. : 
и 
R 4 А 
2ER - — arctan ,- . Е 
Cmax = € x К sin arc tan АКЕ 43.0 
q R | 
4 
EU == : 
mon CBE 24 В VES i 
4A ‹ Sın 54 B: 
B 


А = СІ = 15.6 x 10-14 В= СРК = 26 х 10-7 


e 
А/ Ut -1 = 287 B/2A = 00834 X 10 К = A3 


2L a 
= ШЕР: arc tan R = 0.5 micro-seconds = 500 kc. 


Bt Radians Bt Я 
t T2A 4A Radians 72А % 
micro- Те B t BN е -1 Х 57.3 Sin 0 € sin 0 е of 
secs. = 2A = deg. kv. етах 
logio 2А 6 kv. 
0.20 | 0.167 | 0.072 | 0.846 0.48 27.5] 0.462 0.390 27.1 63.0 
0 40 | 0.334 | 0.145 | 0.714 0.96 55.0 0.819 0.585 40.6 94.5 
0.50 | 0.416 | 0.181 | 0.657 1.19 68.5 0.930 0.615 43.0 | 100.0 
0.60 | 0.500 | 0.217 | 0.608 1.48 81.8 0.989 0.600 41.8 97.5 
0.80 | 0.664 | 0.290 | 0.515 1.90 108.6 0.950 0.490 34.0 79.4 
1.00 | 0.830 | 0.360 | 0.436 2.38 136.5 0.725 0.316 22.0 51.4 | $ 
1.30 | 1.08 0.468 | 0.341 3.10 178.0 0.034 0.012 0.59 1.88 
1.45 | 1.20 0.520 | 0.302 3.44 197.0 — 290 —.0875 —6.18| —14.2 
1.60 | 1.34 0.581 | 0.258 3.82 219.0 —.630 —.162 —12.5 | -26.1 ey 
1.80 | 1.49 0.646 | 0.226 4.28 245.0 —.906 —.205 —14 3 | -33.3 
2.00 | 1.67 0.725 | 0.189 4.78 274.0 —.994 —.187 —14.4 | —30.3 " 
2.25 | 1.87 | 0.814 | 0.154 5.36 308.0 | —.788 —.121 —8.45| —19.7 4 
2.50 | 2.09 0.905 | 0.124 6.00 344.0 —.276 —.034 —2.6 —5.5 
3.00 | 2.50 1.080 | 0.078 7.17 412.0 + .788 + .061 4.281 +9.5 А 
3.50 | 2.92 1.260 | 0.045 8.37 480.0 0.886 . 0:38 3.0 6.3 
4.00 | 3.34 1.450 | 0.035 9.58 550.0 —.173 —.006 0.46 0.99 


а QN EE ат METER ОРИ. 
Trignometric case Fig. 3. 


element is not noticeable with continuously applied voltages. 
For instance, if a-c. voltages are continuously applied there is 
по indication whether break-down occurs at the first half cycle, 


ta 
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TABLE II. 
^ CALCULATIONS OF IMPULSE WAVE 


С = 0.00133 X 10-8 farads. L = 0604 X 103 henrys. R = 5270 ohms. 


| _R-S К+ 
ER } (R+S8S) 22 (R +8) 75 | 
Cmax = —- ————— -- --------- 


5 (К — 5) (R — S) 


where s -A/m 4 = 


= 0.5 micro-second = 500 Кс. K = 0.95 


В = CR = 7 x 10-6 


B 
м, - 24 = 0.968 --- = 437 x 104 
B 2A 


I of 
{ 24 (17 c 2 (1+ ~x | -2-х ' 
micro- 2A x log « e à x log « t € —t kv. kv 
seconds V | 244) Vh -44) | 
c ee 
0.30 | 0.04 0.0173 | 0.963 2.58 1.13 | 0.074 | 0.889 | 91.8 
0.50 | 0.07 0.0303 | 0.933 4.30 1.87 | 0.014 | 0.920 | 95.0 | ов 
0.70 0.098 0.0425 | 0.908 6.00 0 908 93.8 a 
1.00 | 0.14 0.0610 | 0.870 0.870 | 90-0 
2.00 0.28 0.1210 | 0.758 X is so 110216801 MEI T 
3.00 0.32 0.1890 | 0.647 - - Е 0.647 | 66.5 62 3 
4.00 0.56 0.2430 | 0.572 | ГО 572 | 59-2 
5.00 0.70 0.3030 | 0.498 | 0.498 51.5 
7.00| 0.98 0.4250 | 0.378 | 0.378 | 38-5 
10.00 1.40 0.6070 | 0.248 | 0.248 25.4 Y 
20.00 | 2.40 1.2100 | 0.061 0.061 6.3 


Logarithmic case Fig. 3. 
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or after a number of half cycles have elapsed. In order to study 
the time element single impulses must be applied. When such 
impulses are of sufficiently short duration, higher voltages are 
required to produce ionic saturation in the limited time. If 
the number of available ions is small at the start, a longer time 
may be required to produce ionic saturation. Single impulses 
must not be confused with continuously applied high frequency. 
With continuously applied high frequency a greater number of 
half waves may be necessary to cause break-down than at 60 ~ 
but a higher voltage is not necessary, as the effect of each half 
wave is cumulative. Note Fig. 4. If the voltage is such as to 
produce a gradient of 30 kv. per cm. and is continuously applied, 
as in wave A, break-down may take place at time a or a’, etc., 
depending upon initial conditions, etc.; g, 1s not changed, how- 
ever. 

If a single half cycle of a high frequency sine wave is applied 
so as just to cause spark-over it is found that the maximum volt- 
age must be such as to produce a gradient g,, while, break-down 
may take place at b or 6’. Break-down takes place in shorter 
time than for A, but it is necessary to apply a higher average 
voltage during this limited time. If a very high transient over- 
voltage wave, C, is applied, break-down may take place at some 
point c, on the rising curve. The time is shorter than B, but the 
average voltage is much higher. If a wave D, with a long tail, 
and a maximum voltage just high enough to cause break-down 
is applied, rupture will probably take place at some point d, 
near the continuously applied wave A. The D voltage neces- 
Sary just to cause arc-over is lower than B as the time is longer. 
In any case the insulation starts to break down as soon as the 
impulse voltage reaches the continuously applied break-down 
voltage. Thus, while the impulse voltage may not be sufficiently 
high to cause complete break-down; if it is higher than the 
continuously applied break-down voltage, it may do considerable 
damage to solid insulations. The wave E would not cause break- 
down in air; ionic saturation would not take place, but ionization 
would just begin. 

This discussion applies particularly to non-uniform fields, 
(for instance, the field around needles), where the ions do not at 
the same time everywhere come up to sufficient velocity to pro- 
duce others by collision. For more nearly uniform fields, as 
those around spheres, the time element is less. 

From the above discussion it appears that: 
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1. Impulse voltages higher than continuously applied voltages 
are required to rupture insulation. 

2. The increase over the continuously applied voltage de- 
pends upon the rate at which the voltage 1s applied or the steep- 
ness of the wave, and length of tail, time of application, initial 
conditions, etc. 

3. The increase in voltage, or required time, depends upon the 
length of gap, and shape of electrode, or the nature of dielec- 
tric circuit. This is so, inasmuch as the rupturing energy, and 
therefore, the time, depend upon the amount of air that it is neces- 
sary to ionize in the path of the arc. 

4. Dielectrics begin to rupture as soon as the impulse voltage 
reaches the continuously applied rupturing voltage; the effect 
is cumulative with successive impulses. A single impulse of 
short duration may cause complete break-down, if of sufficiently 
high voltage. 

5. Needle gaps are affected by the time element to a greater ex- 
tent than sphere gaps, because they require a ‘greater rupturing 
energy. 

6. The time lag may be explained by the energy theory and, 
also, is in accordance with the electron theory. 

_ We have termed the ratio of the impulse break-down voltage 
to the continuously applied break-down voltage the '' impulse 
ratio." So far the discussion has been general; a more detailed 
and theoretical discussion will be given later. The discussion 
as given applies more particularly to air; with slight modifica- 
tions it also applies to other insulations as will appear later. 
It now remains to test the above reasoning by experiment. 


EXPERIMENTAL DETERMINATION OF THE EFFECT OF 
TRANSIENT VOLTAGES ON AIR 


SPARK-OVER OF SPHERES AND NEEDLES 


Impulses of the Same Front, but Different Duration. Spark-over 
voltages were measured between spheres and needles with wave 
shapes as shown in Гір.5.. The instantaneous voltages are plotted 
in per cent of maximum. Тһе time is measured in micro-seconds. 
The fronts of the waves are all practically the same and equiva- 
lent to that of a 500 kilocycle sine wave. "The duration or the 
length of tail is, however, quite different. Table III gives the im- 
pulse break-down voltage, and the60 ~ break-down (continuously 
applied) voltage corresponding to different gap settings. These 
tests were made by setting the А gap for a given impulse voltage, 
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TABLE III. 
IMPULSE SPARK-OVER VOLTAGES OF NEEDLES and SPHERES. 
(EFFECT OF WAVE SHAPE.) 


Sphere gap. 
(25 cm. spheres.) 


Needle gap. 


Continu- Continu- 
ously Impulse* ously Impulse* 
applied spark- applied spark- 
Spacing (60 ~) over Imp. Spacing (60 ~) over Imp. 
cm, spark- kv ratio cm. spark- kv. ratio 
over (max.) over (max.) 
kv kv. 
(тах.) (тах.) 


Wave No. 1 (Sine Shape.) 


2.30 26.5 36.5 1.34 1.15 35.5 35.5 1.00 

3.50 38.0 60.0 1.58 2.00 59.0 60.0 1.02 

4.50 45.0 77.2 1.71 2.60 75.0 17.2 1.03 

5.10 49.1 91.0 1.86 3.00 87.0 90.0 1.05 

5.40 51.2 102.0 1.99 

6.10 56.2 113.0 2.00 

6.70 59.0 119.0 2.02 өл i 54 б 
R= 520 ohms L = 0.312 X 103 henrys С = 0.0005 X 10-5 farads К = 0.43 

Wave No. 2. 

3.50 38.0 49.2 1.29 1.70 49.0 49.2 1.00 

6.80 | 59.5 90.0 1.51 3.10 88 90. 1.02 

8.90 70.5 118.0 1.67 4.40 121 . 118 .97 

10.80 79.5 142.0 1.78 5.30 142 142 1.00 

12.60 87.0 102.0 1.86 6.10 160 162 1.01 

14.10 95.0 181.0 1.91 7.00 180 181 1.00 

16.00 104.0 210.0 2.03 7.80 200 210 1.05 
К = 2080 ohms L = 0.37 X 1023 henrys С = 0.001 X 10“ farad К = 0.85 

Wave №. 3. 

7.10 61.0 80 1.33 кН 

12.30 86.0 124 1.44 

17.30 109.0 160 1.47 

20.10 | 1220 | 192 1.57 | " » и Ре 

21.50 134.0 217 1.75 9.30 225 217 ° .97 


R = 5270 ohms. L = 0.604 X 10-3 henrys С = 0.00133 X 10-5 farads. К = 0.96 


Wave No. 4. 

8.80 70.5 81.5 1.16 2.60 80 81.5 1.02 
12.50 87.5 105 1.20 3.50 103 105 1.02 
21.00 127 145 1.14 5.40 145 145 1.00 
23.80 141 163 1.16 6.50 159 163 1.02 
26.40 152 180 1.18 
30.5 171 207 201221 Е № и E 

R = 6800 L = 0.604 X 103 henrys С = 0.004 X 104 farads К = 0.98 


*Calculated from circuit constants and voltage E, across gap A. See equations 1 to 7 
Cmax = Ek. Where tis obtained from T. See Tables I and II. 
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and adjusting the spheres or needles (not in parallel) across Ё, 
until arc-over occurred. This was repeated for different voltages 
until a curve was obtained. 

Looking at Fig. 5 wave No. 4 is of longest duration, while 
wave No. 1 is of shortest duration. Wave No. 1 may, in fact, 
be considered as equivalent to a single half cycle of a 500 kilo- 
cycle sine wave. The oscillation may be neglected, as its maxi- 
mum value for any given spark-over is kept below the continu- 
ously applied spark-over voltage. 

According to the general discussion above, a much greater 
spark-over voltage should be required, for a given spacing when 
wave No. 1 is used than with 60 ~, the spark-over voltage for 


Ses 
XUI 
„лы ЕЖЕЙ 


4 8 
MICRO-SECONDS 
Fic. 5 


wave No. 1 should also be greater than for waves Nos. 2, 3 and 4. 
The spark-over voltage of wave No. 4 should be lower than for 
waves Nos. 1, 2 and 3 but greater than 60 ~. This applies 
particularly to needles. With spheres at limited spacings, (not 
greater than the sphere diameter), where the field is more or less 
uniform, less effect due to limited time should be expected. Ina 
uniform field the ions come up everywhere at the same time to 
sufficient velocity to produce others by collision. Тһе path 15 
of minimum length. Spark-over is the first evidence of stress. 
With needles considerable energy must be expended in corona in 
a large space before spark-over can occur. The length of the 
path is a maximum. 

Such data on spheres and needles are tabulated in Table III 
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and plotted in Fig. 6. The experimental results check the gen- 
eral discussion. For example, looking at Fig. 6, at 10-cm. spacing 
the spark-over voltage of needles at 60 ~ is 75 kv.; with wave 


A A 
[FE 
LA ЧЕЕНтЕНЕЫ 


KILOVOLTS (МАХ) 


xe NR 
Fic. 6—IMPULSE SPARKOVER VOLTAGES OF NEEDLES EFFECT OF WAVE 
| SHAPE 


Numbers on curves refer to waves in Fig. 5. 


No. 1 it is 188 kv.; with wave No. 2 it is 131 kv.; with wave No. 
З it is 104 kv.; with wave No. 4 itis 90 kv. The total time that 
waves Nos. 1, 2,3 and 4 at the voltages just given are above the 
60 — voltage is approximatly 0.95, 1.52, 2.70 and 5.0 micro- 


Wn EE 
ELI КЫ! Ө ЖЕ ЖЕ ИЙ СЗ ПЫ ЭР LIS 
H ANE 


“nme ^MICRO- SECONDS 


Fic. 7—CoNTINUOUSLY APPLIED, AND VARIOUS IMPULSE VOLTAGES 
JUST To CAUSE SPARKOVER—10-cM. САР BETWEEN NEEDLES 


[Note time of various impulses above continuously applied.] 


seconds! respectively. See Fig. 7. Where the maximum of the 
impulse voltage is very little above the continuously applied 
voltage the time may be comparatively very great. 


1. One millionth of a second, 


Aa 


"LI 
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The effect of these voltages on spheres is given in Table III 
and plotted in Fig. 8. The drawn curve is the 60 ~ curve. The 
points are measured impulse values. It is seen that these fall 
close to the 60 ~ curve where the sphere diameter is large com- 
pared to the spacing, or where 
the field is fairly uniform, ав ма) ТТГ 
the condition under which tests Ж 
were made. It would thus ap- 
pear that the sphere offers a 
fairly accurate means of measur- . 
ing transient voltages of steep - s 
wave front. The applied im- о 
pulse voltages measured by „ 
spheres (with the above limit- 
ations) check well with the о Y 
voltages calculated by consid- 
ering the transient current flow- шак В кЕнЕ 
ing through the resistance Р). SPACING: SM: 

Thus the time, or more exactly the F16. 8—IMPULSE SPARKOVER OF 
. 25-CM. SPHERES—EFFECT OF WAVE 

energy, required to spark-over a r 

sphere gap is much less than that 

required for a needle gap; the amount of air that it is necessary to 

ionize before rupture is much less for the sphere. In all cases 

tests were made to show that the change in capacity of the gap 

and stand did not effect the impulse. 


caer Кае 
И | 

СЕЕ Е 
BEN ДӨН ЕЕЕ 


= 
со 


= 
> 


IMPULSE RATIO 


(Aer ЕО e  Spheres 

ШЫЛ ЕЖЕ ӨЕ ЕЕ И ИДИШ 

0 8 12 16 20 24 28 у 
SPACING-CM. 


Fic. 9—IMPULSE RATIO OF NEEDLES AND 25-cM. SPHERES—EFFECT 
OF WAVE SHAPE 


Wave No 1, Fig 5, Х Wave №. 3, Fig. 5 A 
a a 2 « а О к к 4 м & + 


The impulse ratio for spheres and needles is shown in Fig. 9. 
It will be noted that it is practically unity for spheres; for needles 
it increases with the gap length and with decreasing time of ap- 
plication. 
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VARIATION OF SPARK-OVER VOLTAGES OF SPHERES AND NEEDLES 
FOR SINGLE HALF-CYCLE SINE WAVE IMPULSES CORRESPONDING 
TO DIFFERENT FREQUENCIES 


In Table IV spark-over data are given for spheres and needles 
for different single sine wave impulses. These impulses approxi- 
mately correspond to single half cycles of sine waves of different 
frequencies. 


TABLE IV. 


VARIATION 'ОЕ SPARK-OVER VOLTAGES OF SPHERES AND NEEDLES FOR 
SINGLE HALF CYCLES OF SINE WAVES CORRESPONDING TO DIFFERENT 


FREQUENCIES. 
Needles Spheres 25 ст. 
60 ~ *Impulse 60 ~ Impulse* | 
Spacing spark- spark- Impulse | Spacing spark- spark- Imp. 
cm. over over ratio ‚ cm. kv (max.) Over ratio 
kv.(max.)! kv. (max.) (max.) 
; | 31 Kilocycles. 
5.20 51.0 51.0 1.00 1.70 51.0 51.0 1.00 
9.00 71.5 71.5 1.00 2.40 71.5 71.5 1.00 
12.10 86.0 87.2 1.01 3.00 86.0 87.2 1.01 
15.00 99.0 101.0 1.01 3.60 102.0 101.0 .99 
15.90 105.0 113.0 1.07 4.00 113.0 113.0 1.00 
17.20 110.0 122.0 1.10 4.40 122.0 122.0 1.00 
18.50 116.0 130.0 1.12 4.80 130.0 130.0 1.00 
К = 2000 ohms L = 16.1 X 102 henrys С = 0.0024 X 104 farads. К = 0.480 
: 55 Kilocycles 
3.50 38.0 38.0 1.00 1.25 38.0 38.0 1.00 
5.10 49.4 49.4 1.00 1.65 49.4 49.4 1.00 
7.00 59.2 59.2 1.00 2.00 59.2 59.2 1.00 
8.50 69.0 69.0 1.00 2.35 69.0 69.0 1.00 
9.60 75.0 76.0 1.01 2.60 76.0 76.0 1.00 
10.60 79.0 84.0 1.06 2.90 83.5 84.0 1.00 
11.30 83.0 91.0 1.09 3.10 90.5 91.0 1.00 
12.50 88.5 97.0 1.10 3.40 97.5 97.0 1.00 
13.70 94.5 106.0 1.12 3.70 104.0 106.0 1.02 
К = 700 ohms L = 3.17 X 103 henrys С = 0.004 X 10-8 farads К = 0 457 
83 Kilocycles. 
2.40 29.6 30.4 1.02 1.00 30.4 30.4 1.00 
3.80 41.5 43.8 1.03 1.50 43.8 43.8 1.00 
5.70 53.3 56.5 1.06 1.95 56.5 56.5 1.00 
7.10 61.5 68.0 1.10 2.35 68.0 68.0 1.00 
8.40 68.5 77.5 1.14 2.70 77.5 77.5 1.00 
10.80 80.0 91.7 1.15 3.20 90.5 91.7 1.01 
11.80 85.0 103.0 1.21 3.60 102.0 103.0 1.01 
13.40 91.5 123.0 1.34 4.25 120.0 123.0 1.02 
15.10 100.0 137.0 1.37 5.00. 135.0 137.0 1.00 
К = 910 ohms L = 2.5 X 103 henrys C = 0.0024 X 10-9 farads К = 0.515 
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M rd TABLE IV—Continued 
Needles Spheres 25 cm. 
d cm 
Є А 60 ~ 60 ~ Impulse* 
| я Spacing spark- | *Impulse | Impulse , Spacing spark- spark- Imp. 
| ст. over kv. (max.) ratio cm. over over ratio 
T kv. (max.) Ку. (тах.) (max.) 
i " 100 Kilocycles. 
: ж 2.70 31.8 35.4 1.10 2. 
КЕ 6 50 58.0 65.0 1.13 
9.0 71.5 89.0 1.26 
= 11.4 83.5 110.0 1.32 
13.6 93.0 127.0 1.36 
К = 2080 ohms L = 2.50 X 103 henrys С = 0.001 X 10-5 farads. К = 0.60 
. 230 Kilocycles. 
: 1.75 21.1 25.0 1.18 а 
2 70 31.0 37.6 1.21 
3.80 40.8 50.1 1.23 
4.95 48.5 62.5 1.29 
6.20 56.5 75.5 1.34 е 2 
7.25 62.5 88.0 1.14 s " 
8.50 69.0 100.0 1.45 Т t .. T 
R = 500 ohms. L = 0.799 X 103 henrys C = 0.0008 X 10-95 farads К = 0.356 
| 350 Kilocycles 12.5 cm Spheres 
2.20 26.1 32.6 1.25 1.05 33.0 32.6 .99 
pr Es 3.20 35.2 50.2 1.42 1.65 49.4 50.2 1.02 
: | 4 30 44.4 67.0 1.51 2 30 65.6 67.0 1.02 
5.85 55.0 83.5 1.52 2 90 81.0 83.5 1.03 
7.00 61.2 100.0 1.63 3.45 95.0 100.0 1.05 
ас” 8.60 69.5 117.0 1.68 4.25 113.0 117.0 1.0 
. 9.85 76.0 134.0 1.76 25 м E z 
R = 430 ohms. L = 0.312 X 103 henrys C = 0.001 X 10-8 farads. К = 0.470 
О ee ANE ы А бы инста жар at ADM NUM La ey eee 
* 900 Kilocycles. 
x 1.65 9.2 14.2 1.52 0.40 14.1 14.1 1.00 
E 1.20 15.2 28.3 1.86 0.90 28.2 28.2 100 
1 80 21.6 42.3 1.91 1.40 42.3 42.3 1.00 
2.60 29.7 56.5 1.92 1.90 55.0 56.5 1.02 
3.10 33.9 70.7 2.08 2.40 68.0 70.5 1.03 
: 3.60 38.9 84.7 2.18 2.90 82.0 84.5 1.03 
4.00 42.3 99.0 2.34 3 50 95.0 98.5 1.04 
e n Е Ж 3 70 100.0 106.0 1.06 
К = 400 ohms. L = 0.166 X 10-3 henrys. С = 0.00025 X 10-6 farads. К = 0.351 
i *Calculated from circuit constants and voltage Е. across gap A. See equations 1 bu t 
т “тах «ЕК where tis obtained from 7. See Tables I and II. К is constant for any given 


wave. The impulse voltages are obtained by multiplying the 60 ~ voltage E, by К. 


о, LLL A ee (nad 


à _ 
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Needles. The time range 15 from continuously applied (60 ~) to 
900 kc. Applying the same reasoning used above, where the 
duration of the impulse is decreased, higher spark-over voltages 
should be required for needles; thus, the higher the frequency 
(the shorter the time) that the single half wave corresponds to, 
the higher the voltage that should be required to cause spark-over. 
The data is plotted in Fig. 10. It must be remembered that 
“ frequency ” is not used іп the ordinary sense; it indicates here 
the time required for the voltage to reach a maximum along a 
sine curve. For instance, the 500-kc. wave reaches its maximum 
in 


1 . 
RENI, ERES 2 Е | 
4 X 500,000 0.5 X 1076 seconds = 0.5 micro-seconds. 


SPACING-CM. 


Fic. 10 


Note the voltages corresponding to5 cm. spacing. These volt- 
ages are 48 kv. for continuously applied, 57 kv. for 100 kilo- 
cycles; 64 kv. for 230 kilocycles; 75 kv. for 350 kilocycles; 93 
kv. for 500 kilocycles and 123 kv. for 900 kilocycles. 

The variation.of voltage with frequency or 1/time in micro- 
seconds to reach the maximum is plotted for constant spacings 
in Fig. 11. These curves cut the axis (zero frequency) at the 
continuously applied spark-over voltage. 

For any single half cycle sine-shaped impulse at any instant 
at a given '' frequency " the rate of application of voltage across 


€ max 


t 


the gap, a = Le: . Average а = is greater the higher 


di 
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the maximum voltage. Thus, 15 500 kc. and 3-cm. spacing (Fig. 
11) , @max = 58 kv.;¢ = 0.5 micro-seconds. 


= 2 = 116 kv. per micro- sec.; at 5-cm. spacing 
91 А ; 
іле = 182 kv. рег micro-sec. The law of spark-over of 


needles for sine shaped impulses determined from data in Table 
IV may be expressed 
= 0.0176 x f + е, (8) 


0 04 0.8 1.2 1.6 2.0 24 28 3.2 3.6 40 


VINE TO REACH MAXIMUM 
0 100 500 600 


700 800 900 1000 
SINGLE HALF SINE WAVE IMPULSES CORRESPONDING FREQUENCY IN KILOCYCLES 


Fic. 11—IMPULSE SPARKOVER VOLTAGE OF NEEDLES—SINGLE HALF- 
CYCLE OF SINE WAVE OF DIFFERENT FREQUENCIES 
| ^ 


where e — maximum of a sine shaped impulse just to cause 
spark-over. 

ёо = maximum 60 ~ spark-over voltage. 

f — corresponding frequency of single half sine wave 
impulse in kilocycles. 

х = spacing in cm. 

ey = 0.0176 x f = voltage rise above the 60 ~ spark-over 
voltage. 


The crosses in Fig. 11 are calculated from this sque 
the circles are measured values. 


Digitized by Google 


1915] PEEK: TRANSIENT VOLTAGES 1713 


Equation (8) may also be written in terms of the time /, in 
which the sine wave reaches a maximum. Thus, 


10: 
|= 4 
Therefore, from (8) 
Е 215 P 
(9) 

е ЙЕ БЕ ЖЕ ИЕШЕ IU T ÍT E 
БЕШ ЕКЕ ЕЙ ЕНЕ ЕЙ ЭШ Ө ШЕ ТИШ Ж 
1100 
“АС 
"ВАЕ 
ССА БЕКЕ ТЕ EET 
ESSE EE ees el 
PONE СШ ЖШ ир ЕН ШШ КЗ ШШ ЖЕ ИЕ ЕИ ШШ 
‘yuk GS NEG SERIEN TOXIN ке ж 
ГЕТЕ 
ШЕННЕН ЕБРР dala 
ФЕ ЕЕРЕЕ 
ааа 
eee ee Еи ишин иии! 


TIME MICRO-SECONDS FROM ZERO TO МАХ. ALONG SINE WAVE 
Fic. 12—NEEDLE САР SPARKOVER—(KV. VS TIME.) 


where / = time in micro-seconds for the impulse to reach maximum 


божа 44x (10) 


€ — бу 


It is interesting to take a given spacing x, and determine # for 
various assumed values of e. Such curves are plotted in Fig. 12; 
e then is the voltage which is reached before spark-over occurs. 
This voltage starts from, zero, and approximately follows a sine 
curve which reaches its maximum in the time /. It is probable 
that for needles, arc-over takes place after the maximum is 
passed. It can be seen that when the voltage does not rise 
rapidly above ey the time lag may be very great. The lag is 
greater at large spacings than small ones. At a given spacing 
_ the lag decreases with increasing rate of application, or a. 


< 
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It is of interest to put t in terms of the rate of increase of volt- 
age. Where a is the average rate of increase in voltage between 
zero and a maximum 


e=al 


Substituting in (9) and solving for t 


€ 4.4 xX 
40? а 


(11) 


The time that the voltage is above ey тау be found by sub- 
tracting the time required to reach ey from і. An equation con- 
taining а as in (11) would be of especial interest for voltages 
increasing along a straight line at a definite slope о. See data 
Table V. ° 

In making impulse tests it is found that spark-over may not 
take place at every impulse, but perhaps at only one in ten, or 
onein fifty. To cause spark-over at every impulse it is necessary 
to increase the voltage, the amount depending upon the elec- 
trodes. The difference is minimum for spheres, and about 1 
рег cent. It may be 10 per cent for needles at very steep wave 
front. It is maximum for unsymmetrical electrodes. This 
will be discussed later. In all of these tests, unless otherwise 
stated, the gap was set so that one spark-over took place in ten 
impulses. 

Spheres. Up to single half cycles of 1000 kc. sine waves, there 
is no great difference between the continuously applied and im- 
pulse spark-over voltages for spheres set below diameter spacing 
(except at very small spacings). Spark-over probably takes 
place near the maximum point of the wave. Such variations 
as occur are within the range of experimental error and thus 
cannot be accurately determined. When the spacing is less 
than the diameter of the sphere corona cannot form; spark- 
over occurs along a small tube of air directly connecting the 
nearest surfaces of the spheres. The spacing is small com- 
pared to needle gap spacing for the same continuously applied 
voltage setting. Before a needle sparks over, а large “ sphere" 
of corona must first form. Much more energy is required than 
for the spheres. See Fig. 13 where this is illustrated diagram- 


= 
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matically. When the sphere spacing is so large that corona pre- 
cedes spark-over, the time lag or energy lag becomes appreciable. 
The condition at very small spacings 1$ a special one and will 
be considered later. Thus, the sphere used within the proper 
limits is very “ fast ", compared to points, and offers an accurate 
means of measuring transient voltages in the range covered above. 
The curves can be calculated by formulae already given.* Other 
electrodes have small time lag when arranged in such a way that 
the dielectric field is fairly uniform and corona formation does 
not precede spark-over. 

. The surfaces of the spheres may be roughened, to some extent, 
without greatly changing the impulse spark-over voltage. Drops 
of water or rain on the electrode surface greatly reduce the 60 
~ Spark-over voltage but reduce the impulse voltage to a much 
less extent. 


Fic. 13 Fic. 14 


SPARK-OVER OF Gaps IN MULTIPLE OVER VOLTAGES AT 
CONSTANT SLOPE 


If sphere and point electrodes set to spark-over at the same 
60 ~ voltage are placed in multiple and a steep wave front 
impulse is applied, spark-over will always take place across the 
sphere gap. See Fig. 14. The sphere gap may now be set at a 
higher continuously applied or 60 ~ voltage than the needle gap; 
an impulse, if of sufficiently short duration and high enough 
voltage, will spark-over the sphere gap before the needle gap has 
time to discharge. For instance, if a sphere gap is set for 84 
kv. and a needle gap for 45 kv. at 60 ~, an impulse equivalent to 


а single half cycle of a 177 kv. sine wave (of average front а = ° 


730 kv. per micro-sec.) will always discharge across the sphere 
gap in spite of the fact that the needle gap is set at about half 


5. F. W. Peek, |т.,-“ The Sphere Gap as a Means of Measuring High 
Voltages."—TRaANs. А. I. Е. E., 1913, 
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the 60 ~ voltage. These gaps share the impulses equally, only 
when the 60 ~ settings are 84 kv. and 42.6 kv. respectively. 
See Table V. This illustrates the difference in speed between a 
needle gap and a sphere gap. The impulse voltage is allowed 
to rise above the 42.6 kv. setting of the needle gap, and reach the 
84-kv. setting of the sphere gap before the needle has time to 
spark-over. It is probable that, due to the relatively small lag 
of the sphere, the voltage rises slightly above 84 kv. See Fig. 
15, where this particular case is illustrated. The needle gap 
spark-over voltage is 42.6 when the time is not limited; due to the 
time lag, spark-over does not take place when the voltage rises 
to 42.6 kv. but at some higher value, /„ micro-seconds later. 
The time, /,, represents the small time of the sphere. With the 
above setting, spark-over may take place across either gap. If 
both the sphere gap and needle gap are now set at 42.6 kv. (60 ~) 
the sphere gap will spark-over і, micro-seconds after this voltage 


— 177 Kv. —177 Kv. 


Needles Discharge 84 Kv. 
(If Spheres are out 
of Circuit) 


Spheres Discharge 
Setting of both Spheres / 
and Needles 42 6 К 


Fic. 15 Fic. 16 


Spark takes place — 
Sphere Setting 84 Kv. 
Needle. ...... 2 
Setting 42.6 Kv. 


occurs. The time, /,, is relatively very small. The needle gap 
can then never discharge until the sphere gap 1s removed when 
spark-over will take place after the voltage has increased above 
42.6 kv. along the wave for the time 4,. See Fig. 16. With the 
relative settings as in the first case above sparks may be made to 
pass at will over either the spheres or needles for the multiple 
gap by varying the wave front. 

The data in Table V were obtained by applying over-voltages 
to sphere and needle gaps in multiple. The sphere gap was set 
at a given voltage, the needle gap was then adjusted until the 
applied impulse sparked an equal number of times between 
spheres and needles. A number of points were thus obtained. 


“Тһе waves made use of in obtaining different “ fronts "' are illus- 


trated in Figs. 15 and 17. A.maximum impulse voltage was 
always taken higher than the voltage setting of the sphere so that 
discharge took place on the rising wave where the front was still 
steep. This, then, approximates a voltage wave rising along 


———— — 
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(SET TO SHARE IMPULSES E,UALLY ON Very Нісн Over VOLTAGES.) 


Applied 
Impulse 


kc. sine 
wave.) 
max. kv. 


Spaced to share im- 


pulses equally. Spark-over voltage Time 
for these gaps at 60 |Wave front {тот zero | 
~ (тах.) (average) | to sphere | 
@ = kv. voltage. 
Spheres | Needles рег micro- | micro- 
12.5 cm. gec. зес. 


Spheres* | Needles 


0.95 28.3 12.2 1080 0.027 
2.25 56.5 26.4 940 0.060 
3.90 84.0 41.7 900 0.094 
5.70 113.0 53.5 850 0.132 
7.20 141.0 62.1 770 0. 180 
10.00 170.0 76.0 710 0. 240 
1.00 28.3 12.8 810 0.035 
2.45 56.5 28.2 790 0.071 
4.15 84.0 42.6 730 0.115 
5.80 113.0 54.0 660 0.170 
9.40 141.0 73.0 590 0.240 
1.05 28.3 13. 495 0.057 
2.75 56.5 31.0 430 0. 131 
5.00 84.0 49.0 345 0.242 
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Fic. 17—IMPULSE Waves—500 KILO-CYCLE 


Imp. 
Ratio 


Needles 
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a straight line of a given slope. The sphere gap measures ap- 
proximately the discharge voltage as shown in Fig. 15. The 
actual voltage is higher. Тһе average rate of increase is in one 
case 1080 kv. per micro-sec. Note that for this particular c ase 
the sphere gap and the needle gap are set at approximately 
the same linear spacing. ‘Thus, for steep enough wave fronts, 
the linear spacing determines where the discharge takes place 
for gaps in parallel, although the continuously applied spark 


TABLE VI. 


TRANSIENT CORONA 
(Single half sine wave.) 


CONCENTRIC CYLINDERS IN AIR 


Bar = 76. ст. t = 25 deg. cent. ё = | Outer Cyl. rad. R = 8.8 cm. 
Wire 60 ~ tests. Impulse tests. 
Radius 
Test Corona Spark-  |Single half 
r Calc. Test spark- |--------- over sine wave 
cm. corona corona over А В kv.(max.)| frequency 


Ку. (max.)|kv. (max.)|kv. (max.)|kv. (max.))kv. (тах.)| 1іп 10 | kilocycles 


————À | —————— | —— — —ÀÓ—— SOA ананан 


0.0318 13.4 | 135.0 13.8 15.6 100 100 
14.7 16.0 ге 500 
15.1 16.1 » 900 
0.0573 20.5 20.0 | 110.0 21.2 23.7 100 100 
22.0 24.0 i 500 
22.6 24.0 ы 900 
0. 130 31.4 31.3 49.6 32.3 33.2 '| 103 100 
33.5 34.0 Y 500 
34.2 34.8 a 900 
0.95 86.0 85.0 86.0 85.0 86.0 108 100 
87.0 87.5 - 500 
87.5 88.0 900 
1.425 100 98.0 98.0 99.0 99. 110 100 
99.0 99.5 " 500 
100.0 | 101.0 T 900 


voltages vary greatly. It is even conceivable that for very 
steep wave fronts a smaller gap would be necessary for need- 
les than for spheres. 


TRANSIENT CORONA AND SPARK-OVER FOR CONCENTRIC 
CYLINDER. -+ AND — TRANSIENT CORONA 
Single half wave impulses were applied between concentric 
cylinders in a dark room. The impulse voltage was gradually 
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increased until visual corona started. The tests were conducted 
in much the same way as Similar tests at 60 ~. The visual 
corona was quite definite although the impulse producing it 
in some cases reached its maximum value in approximately 
3 X 107 seconds. A difference in the appearance of the 
corona was noted with successive impulses. There ap- 


TABLE VI—Contiinued 


Bar 76 cm. { = 25 deg. cent. ô =], Outer cylinder. R = 3.81 cm. 
60 ~ tests Impulse tests 
Wire 
Radius Corona 
r Calc. Test Test | ||------------| Spark- 
cms. corona corona spark- A B over 
kv (max.)|kv. (max). over kv. (max.)|kv. (max.)|kv. (max.) f 
Ку. (max.) 
0.0129 5.7 8.5 32.0 100 
9.2 68.0 500 
9.5 T 900 
0.0318 12.3 12.0 49.0 13.4 14.7 33.0 100 
13.5 14 7 07.5 500 
14.5 15.0 900 
0.0573 17.2 T 40.0 17.4 18.2 35.0 100 
20.0 20.5 66.0 500 
24.0 24.7 900 
0.239 33.5 ue" 33.9 33.4 37.1 44.7 100 | 
37.0 38.9 63.7 500 | 
37.0 103.0 900 
0.318 38.0 37.9 37.9 38.5 39.0 45.0 100 
39.5 40.0 64.0 500 
41.6 42.0 98.0 900 | 
0.635 49.0 48.1 | 48.1 49.0 49.7 50.0 100 | 
-50.0 50.5 62.0 500 | 
51.6 52.0 81.0 900 | 
1.27 55.0 55.0 54.5 550 | 55.0 55.0 100 | 
56.0 56.0 57.0 500 
56.0 56.0 59.3 900 | 


peared to be two kinds. This should be the case, as the wire 
should average an equal number of times positive and negative. 
The voltage at which the first appeared is in Table VI, Column A; 
the second is in Column B. The difference in voltage is not 
great and can only be detected for small wires. The corona 
appears to start at the lowest voltage when the wire is negative, 
(0.0573 cm. diameter wire in 7.6 ст. cvlinder, 6 = 1).When the 
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wire is + the corona seems to extend out toaconsiderable extent in 
fine streamers. The visual voltages for 900-kc. impulses were — 18 
and + 19. The60 ~ calculated and measured values correspond- 
ing to the impulse measured values are given in Tables VI and VII, 
and plotted in Figs. 18, 19, 20 and 21. А comparison between 
the apparent impulse and the 60 ~ corona voltages is Бе made 


TABLE VII. 


TRANSIENT CORONA AND SPARK-OVER. 
Bar. = 76 cm. t = 25? C. 8 =]. 


Radius Outer Cylinder В = 8.8 cm. 


Corona Spark-over. 
Év £v Freq. 
Wire meas. cal. Ет Kilo- Kilo- kilo- 
radius 60 ~ 60 ~ |impulse | Imp. volts volts Imp. cycles 
r kv. per | kv. per | kv. per ratio 60 ~ impulse ratio single 
cm. ст. ст. сап. (тах.) lin 10 half sine 
(max.) | (max.) wave 
2 
0.0318 77.0 135.0 100 E = 100 
82.0 p © 500 
85.0 o£ 900 
28 
0.0573 71.5. 73.0 1.02 110.0 100 56 100 
76.0 1.06 3 9 500 
78.0 1.09 өз 900 
2 
0.130 56.9 59.0 1.04 49.6 103 2.08 100 
61.0 1.07 500 
62.0 1.09 900 
0.95 40.5 40.5 1.00 86.0 108 1.26 100 
41 1.01 45 500 
41.5 1.03 900 
‚ 1.425 39.0 38.2 0.98 98.0 110 1.12 100 
38.2 0.98 7 S 500 
38.6 0.99 900 


by referring to Fig. 21, where the ratios of impulse to 60 ~ volt- 
ages (impulse ratios) are plotted. The percentage difference is 
not great except for small conductors; part of the difference may 
be due to difficulty in determining the exact starting point. The 
difference increases with decreasing time of application of the 
voltage. А 60 ~ corona curve for a wire іп a cylinder is plotted 
in Fig. 19. The variation in the apparent strength of air with 
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the conductor radius at 60 ~ and for a single half cycle sine 
wave 900-Кс. impulse is given in Fig. 20. Comparatively small 
time lag should be expected in the first appearance of visual 
corona as it is essentially spark discharge over a short distance 
from wire to space, very similar to sphere spark-over. The 
“ spark-over " may be considered as taking place from the con- 


TABLE VII—Continued 
TRANSIENT CORONA AND SPARK-OVER. 
Bar. = 76 ст. t = 25? С, 8 = 1. 
Radius Outer Cylinder. R = 3.81 ст. 


£v 60 ~ | £r 60 ~ | £v im- Kilo- Kilo- 
Wire |теаз.Ку.| cal. kv. pulse | Impulse volts volts | Impulse Fre- 
radius | рег cm. | рег cm. | kv. per ratio 60 ~ impulse | ratio quency 

r max. max. cm. (max.) 1 in 10 
0.0129 | 110.0 | 108.0 | 114.0 .05 32.0 v “by 100 
126.0 1.16 68.0 45 500 
130.0 1.20 e d 900 

2 b& 

0.0318 83.0 85.0 88 .0 1.03 49.0 33.0 = $ 100 
89.0 1.05 67.5 9 о 500 
95.5 1.12 ) 8 900 
0.0572 71.5 72.5 1.01 40.0 35.0 © 2 100 
83.2 1.16 66.0 500 
900 
С.239 50.5 50.5 1.00 33.9 44.7 1.32 100 
56.0 1.11 63.7 1.88 500 
103.0 3.05 900 
0.318 47.6 47.6 49.0 1.03 37.9 45.0 1.20 100 
50.0 1.05 64 0 1.70 500 
52.9 1.12 98.0 2.60 900 
0.635 42.2 42.9 43.0 1.00 48.1 50.0 1.04 100 
44.0 1.02 62.0 1.29 500 
45.4 1.06 81.0 1.68 900 
1.270 39.4 39.4 39`0 0.99 55.0 55.0 1.00 100 
40.0 1.01 55.0 57.0 1.04 500 
40.0 1.01 56.0 69.0 1.25 900 


3) 


ductor to space through the ' energy distance " or rupturing 
distance of 0.3 Vr cm. This is the finite distance over which 
air must be stressed ata gradient of 30 kv per cm. and above 
(ô 2.1) before corona- can start.* 


6. Е. W. Peek, Jr.,—Law of Corona, I, II, III, A. I. E. E., TRANS., | 


1911, 1912, 1913. 
F. W. Peek, jr., Dielectric Phenomena in High Voltage Engineering, 
Chaps. III and IV. 


+ 
һа» 
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The rupturing energy is small. For very small wires, where the 
field is quite irregular, the time lag becomes appreciable. 
For complete spark-over from wire to cylinder considerable 


| 08 12 16 
» RADIUS OF INNER CYLINDER-CM. 
Fic. 18—SPARKOVER CURVES FOR CONCENTRIC CYLINDERS IN AIR— 
К = 3.81 8 = 1.00 


energy must be expended in forming a cylinder of corona, when 
the field is such that corona precedes spark-over. The phe- 
nomena may be thought of roughly, аз a succession of corona break 


Cale. Corona Curve 60~ 


ae 
| 7e ABE 


KILOVOLTS (MAX.) 


14 


RADIUS or INNER. CYUNDER- "CM. 


: б, Fic. 19—SIXTY ~, AND TRANSIENT CORONA CURVES FOR CONCENTRIC 


CYLINDERS IN AIR 


downs. The condenser charging current flows through the 
P gradually forming corona. With a wire in a cylinder, corona 


R | ; 
cannot form when x <e.’ The first evidence of stress 15 


Se л л oe eo A ss 
7. Е. W. Peek, Jr..—Law of Corona II,—A. I. E. E., Trans. 1913. 


«ы —— D, o. анкета тый 
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spark-over. Thus, there should be considerable lag when 


рз > є or for small wires, and the impulse spark-over voltage 


should be higher than the 60 ~ spark-over voltage. Data in 


120+ - + 
ok 
5 
= 80 
x 
2 
60 
— 
5 KS * Single Half Cycle Sine Wave (900 Ke.) ree 
2 T | 
540 


= | ШЕ 
o ea г-—- 
ПЕЕ ЕЕЕ 
С ЕЕ Е 
o T gears 
0 0.2 0.4 9.6 0.8 10 12 14 


RADIUS -CM. 
Fic. 20—Corona GRADIENT CURVES FOR CONCENTRIC CYLINDERS— 
R = 3.81 5 = 1.00 


Table VI and Figs. 18 and 19 show this to be the case. The 
exception is for very small wires when the 60 ~ spark-over volt- 
age becomes quite high. This is due to the grading effect of 
corona on the wire enclosed in a cylinder? There is, naturally, 
no such effect on a single impulse. 


= 
„ә 


aS 
M 


IMPULSE RATIO 
o 


0.6 0.8 1.0 12 14 
CONDUCTOR RADIUS-CM. 


Fic. 21—AVERAGE IMPULSE RATIO OF CORONA ON WIRES— ¿= 1.00 


The spark-over voltages in Table VI correspond to one spark- 
Over in ten impulses. There is very little difference in the volt- 
age for one discharge in a hundred applied impulses and one in 
ten ; for ten discharges in ten impulses a considerable increase in 


в! 
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voltage is required above that for one discharge in ten impulses 
for some electrodes. This is especially so with dissimilar elec- 
trodes as the difference in spark-over when the wire is + and - 
then increases this effect. The range for various gaps is given in 
Table VIII. 

In Table IX are spark voltages (1/10) for the wire, positive 
and negative. Spark-over takes place at a lower voltage when 


TABLE VIII. 
VARIATION IN SPARK DISTANCE WITH CHANGE IN RATIO OF NUMBER OF 
SPARK-OVERS TO NUMBER OF APPLIED IMPULSES 
500 Kilocycles Impulse Sine Wave. e/E = 0.43 = К 


Impulse gap Ratio No. Max. 
Single half |— | of spark-overs Variation 
cycle applied | to No. of ap- in 60 ~ 
impulse kv. Spacing Corresponding | phed impulses. kv. setting. 
ст. 60 ~ kv. between 


1/10 and 10/10 


және 

25-cm. sphere gap. 
20 0.80 20.0 | 1/10 2% 
20 0.75 19.5 10/10 
40 1.80 40.0 1/10 1% 
40 1.75 39.5 10/10 
80 4.10 80.0 1/10 1% 
80 4.00 79.0 10/10 

2/0 needle gap. 
20 1.17 | 10.5 10/10 
20 1.35 12.0 10/20 22%* 
20 1.60 13.5 4/40 
40 2.70 22.0 20/20 
40 3.00 24.0 10/20 14.7% 
40 3.30 25.8 2/20 
80 5.40 37.0 20/20 
80 5.80 38.5 10/20 8.7% 

6 


80 | .25 40.5 2/20 | 


*Difference decreasing with increasing spacing. 


the wire is positive. Тһе impulses used in this test were ob- 
tained by placing a point and plate at gap A. The generator 
was connected for 500 kc., but a good impulse was not obtained 
as there was somewhat of an oscillation; the general characteris- 
tics of the + and — discharge are shown, however. The spark- 
over voltages given in Table VI are the minimum ones, and are, 
therefore, for the case when the wire is positive. 
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In appearance, the + and — corona of transients seems to be 
similar to that at 60 ~. The impulse positive visual corona 
from points extends out farther than the negative in the same 


TABLE VIII.—Continued 
CONCENTRIC CYLINDERS. 
R = 3.81 cms. 
500 Kilocycle Impulse Sine Wave. 


Ratio of No. spark- Max. variation in 
Wire radius Impulse kv. overs to No. of ap- | spark-over kv. bet. 
г cm. Ку. (тах.) | plied impulses. 1/10 and 10/10 
0.0318 67.0 2/20 
83.0 10/20 32% 
99.0 20/20 
0.128 63.5 2.20 
79.0 10/20 30% 
90.5 20/20 
0.239 63.0 1/10 
75.0 10/20 26% 
85.3 20/20 
0.635 61.0 2/20 | 
65.0 10/20 16% 
73.0 19/20 
1.27 56.0 2/20 
58.2 10/20 7% 
60.3 20/20 
1.50 54.0 2/20 
55.7 10/20 4.5% 
56.5 20/20 


900 Kilocycles Impulse Sine Wave 


0.239 105.0 1/10 

0.635 82.0 4/40 20% 
95.0 10/20 
102.0 20/20 

1.27 55.9 2/20 
59.2 10/20 11% 
62.6 20/20 

1.59 54.3 2/20 
57.6 10/20 10% 


61.0 25/25 


manner that it does at 60 ~. This is of great interest; it means 
that with transients, as with steadily applied voltages, a consider- 
able part of the air around points must be brought up to ionic 
saturation, or brushes must form, before spark-over can result. 


A -A + 


тə 
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INITIAL IONIZATION 


It was expected that the degree of initial ionization in the 
vicinity of the electrodes would have a considerable effect upon 
the spark-over voltage. This was not found to be the case for 
electrodes in general. The reason was apparent after the corona 
tests were considered. Take, for instance, a small wire in a 
cylinder. Corona must form before spark-over can take place. 
It has been shown that the voltage rise above the continuously 
applied for the first appearance of corona on impulses is small. 


TABLE IX. 
POSITIVE and NEGATIVE SPARK-OVER. 
(Dissimilar Electrodes.) 
Wire in Cylinder. R = 3.81 cm. 


Voltage kv. 
Radius $$$ Per cent 
cm. wire difference 


Point and Plate. 
EPIRI OE a a et ые 


Spacing cm. when point is 


5.15 3.05 


Approx.—500 kilocycle wave. 


The time lag of the first appearance of corona is thus small com- 
pared to the time lag of the final spark discharges. The start 
of corona supplies greater “ initial ionization ” for the final spark 
than can generally be supplied externally by the action of ultra- 
violet light, X ray, etc. Such external means undoubtedly 
decrease the time for the first appearance of corona. This time 
is, however, generally too small to be detected, except for instance, 
in the case of very small wires. The spark-over in more OT 
less uniform fields, as those around spheres, is probably affected 
by initial ionization but the total spark lag is so small that it is 
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difficult to measure. It is probable that the effect of “initial 
ionization " can be detected if the voltage is applied very gradu- 
ally (a flat wave) never rising greatly above the continuously applied 
break-down voltage. This particular effect should be more pro- 
nounced where the molecular spacing becomes appreciable com- 
pared to the electrode spacing (at low density). For such a 
condition, the effect may be considerable as the percentage ioniza- 
tion supplied may approach ionic saturation. Тһе chances of 
ions appearing between the electrodes is also greater with large 
initial ionization. 

Steep wave front impulse tests were made (ô =1) with red hot 
wire loop electrodes, points and small spheres upon which ultra- 
violet light was directed, small spheres in a tube connected to an 
ozonator, points from which 60 ~ brush discharge took place, 
etc., without appreciable difference in spark-over voltage due to 
these various means of ionization. One striking test may be 
made by setting a point gap at a given voltage and causing an 
oscillation to play continuously across it. If a sphere gap set at 
the same 60 ~ voltage as the point gap, or even at a higher volt- 
age, is suddenly placed in multiple with the point gap, the dis- 
charge will leave the point and take place across the sphere 
gap, although the point was previously ionized by the spark 
discharge. 


EFFECT ОЕ AIR DENSITY ON TRANSIENT CORONA AND 
SPARK-OVER 


The transient corona and spark-over voltages decrease with 
decreasing air density (from 6 = 1.00 to 6 = 0.05): in much the 
same way as at 60~.° Fig. 22 shows the variation of 60 ~ 
corona and impulse corona (900 kc. and 100 kc.) with air density. 
A small wire is used for illustration as otherwise the curves 
practically fall together. It 1$ probable that the apparent in- 


5-5 3:920 
273 +; 


where b = barometric pressure in cm. 
t = temperature degrees centigrade. 
6 is the relative air density as a fraction of the density at 76 cm. pressure 
and 25 deg. cent. 
where 6 = 1. 
9. For method of test see Law of Corona III, F. W. Peek, Jr., TRANS. 
А.Т. E. E., 1913. 
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KILOVOLTS (МАХ) 


0 02 


1.0 


04 06 

é AIR DENSITY 

Fic. 22—VARIATION OF VISUAL CRITICAL CORONA VOLTAGE WITH AIR 
DENSITY—WIRE RaApbius = 0.0573 см. 


TABLE X. 
EFFECT OF AIR DENSITY ON TRANSIENT CORONA AND SPARK-OVER 
Concentric Cylinders! 


Outer cylinder radius, R = 3.08. Innercylinder,r = 0 0573 cm. 


Corona Spark-over 


Single 

Meas Cal. half 
60 — | 60 ~ |Impulse | Impulse 60 ~ | Impulse | Impulse sine 

kv. kv. kv. ratio ô ratio 8 freq. 

max. | max. max. kilo- 

cycles 

SE ee UM UE MONET TREND S m 

2.8 2.75 3.5 1.27 0.064 ps 0.064| 100 
4.8 4.80 5.5 1:15 0.160 1.86 0.160 = 
6.0 5.95 6.65 1.13 0.248 1.67 0.248 " 
7.6 7.57 8.4 1.10 0.330 1.59 0.330 т 
11.6 11.60 12.7 1.09 0.630 1.65 | 0.630 - 
14.4 | 14.40 15.5 1.07 | 0.847 1.50 | 0.847| “ 
16.2 16.20 17.2 1.06 1.00 1.42 1.000 ? 
2.6 2.58 4.0 1.55 0.051 Ex 0.040| 900 
4.8 4.86 6.5 1.34 0.166 6.2 0.085 " 
7.6 7.60 10.1 1.32 0.333 4.94 0.173 2 
9.5 9.50 12.1 1.28 0.465 3.54 0.440 4 
13.5 13.30 16.3 1.23 0.765 3.35 0.590 T 
16.2 | 16.20 20.0 1.23 | 1.00 3.19 | 0.765| “ 
3.00 1.00 ж 


1, Tests made in а meta] lined glass tube, 


lf > 


о, (_ Va ve } ie 
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crease in the strength of air for transients may be taken care of 
in the law for the visual gradient as follows. 


0.308 
Vird(a) 


When о is the steepness of the impulse. The impulse ratio in- 
creases with decreasing air density. See Table X. 


ө = £08 (1 + )% е) | a» 


TABLE X—Continued 


Corona Spark-over. 
Impulse Single 
Meas. Cal. - | Impulse*| ratio 60 ~ Impulse half 
60 ~ | 60 ~ kv. mea- é max. |Impulse| ratio é sine 
kv. Ку. тах. | max. sured ’ | meas. kv. meas. kilo- 
тах. |7 = .94 values. values. cycles. 


Out cylinder radius, R = 3.08 cm. Inner cylinder, 7 = 0.635 cm. 


7.3 7.7 8.5 1.16 |0.127 7.3 8.5 1.16 0.127 100 
13.0 13.0 14.9 1.14 10.253 | 13.0 14.9 1.14 0.253 a 
15.0 15.3 : 16.6 1.11 10.309 | 15.0 16.6 1.11 0.309 s 
17.0 16.8 18.3 1.08 10.350 | 17.0 18.3 1.08 0.350 z 
24.0 23.8 24.5 1.02 [0.535 | 24.0 24.5 1.02 0.535 А 
29.0 29.0 28.9 1.00 10.702 | 29.0 28.9 1.00 0.702 s 
34.5 35.5 34.5 1.00 10.863 | 34.5 34.5 1.00 0.863 s 
39.0 40.3 40.5 1.03 11.002 | 39.0 40.5 1.03 1.002 «. 

Outer Cylinder radius, R = 3.08 cm. Inner Cylinder, r = 0.635 cm. 

3.5 3.9 8.6 2.46 0.049| 3.5 20.3 5.80 0.049 900 

9.0 9.8 11.9 1.31 0.165) 9.0 25.0 2.78 0.165 я 
14.0 14.1 17.3 1.23 0.280] 14.0 30.5 2.18 0.280 s 
21.2 21.2 22.5 1.07 0.462| 21.3 37.6 1.77 0.462 е 
26.2 26.3 28.0 1.06 0.604! 26.0 43.5 1.67 0.604 z 
32.0 32.2 35.6 1.01 0.773) 32.0 48.5 1.52 0.773 s 
39.0 40.3 40.2 1.00 1.00 | 39.0 52.5 1.34 1.00 y 
2. Corona and spark-over practically coincident. 6 = Relative air density. 

3.92 b 
273 +1 


3. Measured 60 ~ corona values were used in determining the impulse ratio. The cal- 
culated values are only approximate as it was difficult to exactly center the 0.635 cm. rod. 


The 60 ~ and impulse spark-over voltages for a wire in a cylin- 
der are shown in Fig. 23. The data are given in Table X. The 
impulse ratio for spark-over increases with decreasing pressure. 

Spark-over-air density data for needle gaps are given in Table 
XI. It is difficult to get consistent results with needle gaps 
enclosed in a tube on account of the corona before spark-over. 


+ 
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Spark-over-air density curves for sphere gaps are given in 
Figs. 24 and 25. The impulse curves follow closely the 60 ~ 
curves. The impulse ratio is very nearly unity over a great 
range of 6. Spheres, therefore, within the limit prescribed for 


`` Impulse Ratio (Кс. ) 


Кө. тес 900 Кс. 


60 53. 
230 


KILOVOLTS (МАХ. ) 


0 0.2 0.4 0.6 0.8 1.0 12 
6 AIR DENSITY 


Fic. 23—VARIATION OF SPARKOVER WITH AIR DENSITY WIRE IN CYLIN- 
DERS — R = 3.08 cM.—r = 0.0573 CM. 


TABLE XI. 
EFFECT OF AIR DENSITY ON TRANSIENT SPARK-OVER BE TWEEN 
NEEDLES.! 
Spacing cm. Impulse kv. | 60 ~ kv. Impulse! | Single half sine 
5 max. max. ratio kilocycles 
HE me г ee eee: CNET. АЗ а ыса ады 
5 ст 1.00 102.0 54.0 1.89 500 
x 0.85 99.0 53.5 1.85 к 
- 0.74 94.5 53.0 1.78 ж 
я 0.66 90.0 52.5 1.72 * 
д 0.50 77.5 51.0 1.52 ы 
‘ 0.38 64.2 49.2 1.31 a 
9 0.27 48.7 48.0 1.01 x 
е р.16 33.8 45.0 0.76 T 
s 0.05 14.2 т 
3 ст 0.16 15.8 22.2 0.71 500 
е 0.44 35.7 30.5 1.17 * 
0.64 43.7 32.5 1.34 " 
T 0.74 48.0 33.5 1.43 е 
т 0.79 50.0 33.8 1.48 в 
a 1.00 54.0 34.0 1.58 " 


Tests made in glass tube. 
l. These results are quite erratic, probably due to the effect of the brushes playing ФЕ 
the enclosing walls of the glass cylinder. For this reason accuracy is not claimed. 


testing may be used to measure transient voltages over a wide 
a and б range without correction to the 60 ~ curve. It 15 
lop Laer ali ОЛЕ н Coni аха Aie Л Т ip Da png teh ЙЫ Да cda SO 

10. For method of obtaining low air density see “ Effect of Altitude 


on the Spark-over of Leads, Insulators and Bushings.” Е. У. Peek, Jt 
А. I. E. E. Ркос., Dec. 1914. 
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probable that the expression for apparent strength of air around 
spheres should be modified for transient voltages as follows: 


.54 

‚ = ô (1 ее) 13 
Bo = Bot + VERG GO ф (©) к ) 
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Fic. 24—SPARKOVER OF 2.54 см. ro AT Low AIR DENSITIES— 
SPACING = 1.27 CM. 


10 


ф (a) has, however, no appreciable effect over the practical 
testing range. 

The variation of the spark-over voltage of insulators with air 
density is shown in Figs. 26, 27 and 28. For a smooth insulator 
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KILOVOLTS ARCOVER 


0.4 
6 RELATIVE DENSITY 


Fic. 25—Sixty CvcLE AND IMPULSE ARCOVER AT Low AIR DENSITIES 


12.5 cm. SPHERES—GAP = 7.6 CM. 


(Fig. 26) the impulse ratio is very nearly unity and does not 
change over the practical range. For insulators with petticoats 
and corrugations, the impulse ratio is high and increases with 


decreasing air density. 
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From a consideration of the above data it is seen that the 
transient spark-over impulse ratio does not change greatly with 
air density, where the field is fairly uniform so that corona does 
not precede spark-over. Where the field is such that it is neces- 
sary for corona to form in the path of the arc, the impulse ratio 


04 06 08 
6 RELATIVE DENSITY 
Fic. 26—SixTv-CvycLE AND IMPULSE ARCOVER AT Low AIR DENSITIES 


becomes considerably higher at low air densities than it is at 
high air densities. The corona impulse ratio increases with 
decreasing air density; for large wires it is only appreciable for 
small values of д; it may be considerable for small wires. Тһе 
difference between the 60 ~ and impulse spark-over and corona 


KILOYOLTS ARCOVER 


0.4 0.6 0. 
6 RELATIVE DENSITY 
Fic. 27—SixTY-CvCLE AND IMPULSE ARCOVER AT Low AIR DENSITIES 


voltages always increases with decreasing time of application. 

The density tests shown in Figs. 22, 23 and 24, were made in 
glass tubes. The tubes were “aired out” after each test. 
It did not, however, seem to make any considerable difference 
whether or not this was done. At lower air densities this may 
make considerable difference, as the initial ionization may then 


— чо 
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become a large percentage of ionic saturation. The chance of 
ions getting between the electrodes also depends upon the initial 
ionization. The tests shown in Figs. 25, 26, 27 and 28 were 
made in a large wooden cask. 


IMPULSE SURFACE SPARK-OVER—IMPULSE SPARK-OVER OF 
INSULATORS 


If a dielectric, such as glass or porcelain, is placed between 
electrodes, arcs due to impulse voltages generally follow the 
surface. For smooth dielectrics the impulse ratio is nearly 
unity, even when the surface is fairly long and the fields not uni- 
form. This is illustrated in a practical way in Fig. 20. 

Where the surface has corrugations, petticoats, etc., the arc, 
generally, still follows the surface. The impulse ratio is, how- 


мо 5 | а "impulse Test Pos 
ее 
= ача 


Fa ial Е 
pulse Ra 
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9 RELATIVE | DENSITY" 
Fic. 28 —SixTY-CYcLE AND IMPULSE ARCOVER AT Low AiR DENSITIES 


ever, higher, that is, greater time is required to cause spark over. 
See Figs. 27 and 28. For the insulator shown in Fig. 28 the 
impulse ratio at 6 = 1 (sea level) is 1.44. The 60 ~ spark-over 
voltage is 100 kv.; the impulse spark-over voltage is 144 kv. 
At ô = 0.8 (6000 ft. elevation) the impulse ratio is 1.75. 

The time of spark increases when the field is such that corona 
must form in the path of the arc and when the length of surface 
is increased by corrugation. 

As would be expected, the spark-over voltage of a given insu- 
lator varies with the polarity of the cap or pin. The test made 
on а pin type insulator and given in Table XII illustrates this. 

Note that the 1/10 spark-over voltage corresponds to the (+) 


spark-over, and the 10/10 to the (—) spark-over. This would be 


expected. Impulse spark-over generally takes place at the 


РУЗ 
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lowest voltage, or in the shortest time, when the electrode 
which is surrounded by the densest field is (+). In the above 
case, the porcelain is subjected to greater stress when the cap 


is (—). 


TABLE XII. 
EFFECT OF POLARITY ON INSULATOR SPARK-OVERS. 
200 kc. 
60 ~ Impulse spark-over kv. Impulse spark-over kv. 
spark-over kv. varying polarity predetermined polarity. 
max. max. max. 
Cap + Cap — 
98 1 spark ove: in 108 108 
10 impulses 
10 spark overs іп 130 134 


10 impulses 


When a surface is placed between electrodes in a uniform field, 
or along a line of force, the 60 ~ spark-over voltage is lowered 
by true surface leakage. This is not generally the case with 
impulse voltages. The impulse spark-over voltage of an insula- 
tor is often not greatly changed by rain, although the wet 60 ~ 


TABLE XIII. 
IMPULSE SPARK-OVER OF SUSPENSION INSULATORS WET AND DRY. 


60 ~ arc-over 100 kc. impulse 500 kc. impulse 
Ins Type ------------- 
Мо. (тах.) arc-over arc-over 
Dry Wet Dry Wet Dry Wet 
A Two piece sus- 112 72 118 ‚ 114 165 162 
pension with pet- 
iticoats. 
B Two piece sus 116 70 128 125 172 168 
pension with pet- 


Ге 


spark-over voltage may be 60 per cent of the dry spark-over 
voltage. See Table XIII. 


SMALL SPACINGS OR AIR FILMS 


At spacings smaller than the energy distance the apparent 
strength of airincreases. For sphere gaps this apparent increase 


1915] ^ PEEK: TRANSIENT VOLTAGES 1735 


in the strength of air starts when the spacing is less than 0.54 
VR cm.” The apparent strength of air at small spacings also 
increases for transient voltages; the increase, however, seems to 
be at a greater rate, as shown in Fig. 29, by the more rapid rise 
in the gradient with decreasing spacing. Data are givenin Table 
XIV. The apparent strengths at 60 ~ and for impulses are 
represented by the corresponding tabulated gradients. These 
are the maximum gradients at the surface of the spheres. 
The impulse ratio is also tabulated. The low impulse voltages 
were obtained by connecting the gap across only part of the 
resistance. The results should be fairly accurate. 


E 


MESES ЕЕ 
В В В В 
EEEEEEENEENE 
IEEE ES. 
| dott ft - 

| 
sr Кетет 100 Ke. 
Se 


GRADIENT KV/CM. (MAX ) 
$ 


O54\R i 


0 0.4 0.8 1.6 2.0 2.4 2.8 
SPACING: CM. 


Fic. 29— STRENGTH OF AIR FILMS—BETWEEN 6.25 cM. DIAMETER 
SPHERES; 4 = 1 


EFFECT OF TRANSIENT VOLTAGES ON OIL 


It has been shown that for continuously applied voltages the 
mechanism of break-down in oil is very similar to that of air, 
and similar laws are obeyed.'? Greater energy is required, how- 


11. F. W. Peek, Jr.,—Law of Corona III., A. I. Е. E., TRANs 1913. 

12. Е. W. Peek, Jr..— High Voltage Engineering, Journal, Franklin 
Institute—December, 1914. 

F. W. Peek, Jr.,—'' Dielectric Phenomena in High Voltage Engineer- 
ing ” Chapter 6, page 163. 


F. W. Peek, Jr.,—Law of Spark-over and “ Corona" in Oil. General 


Electric Review— August, 1915. 
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ever, to rupture oil than air. There should, therefore, be a 
comparatively greater difference between the continuously 
applied and impulse voltages, that is, the impulse ratios should 
be higher than for air. 


IMPULSE RATIOS IN OIL 


In Table XV are 60 ~ and impulse spark-over voltages for 
disks, needles and spheres. In part of these tests the wave was 
only approximately known; on account of the high voltages 
necessary it was outside of the limits of the apparatus. It was 


TABLE XIV. 
TRANSIENT SPARK-OVER VOLTAGES AT SMALL SPACINGS. 


(Between 6.25 cm. diameter spheres. 5 = 1.) 


60 ~ 100 kc. impulse _ 900 kc. impulse 
Spark-over 
Spacing Volts Gradient Gradient Gradient 
cm. max. тах. Volts. | kv. per | Inpulse| Volts kv. per | Impulse 

kv. kv.percm.| Ку. cm. ratio kv. ст. ratio 
0.0025 0.50 196 0.78 305.0 1.57 0.81 325.0 ,| 1.64 
0.0051 0.73 143 1.23 242.0 1.69 1.10 316.0 1.51 
0.0076 0.90 118 1.70 212 0 1.80 1.78 235 0 1.98 
0.0102 1.07 105 2.11 207.0 1.98 2.18 215.0 2.04 
0.0127 1.17 92 2.44 192.0 2.08 2.55 200.0 2.18 
0.025 1.52 60 4.50 178.0 2.95 5.00 198.0 3. 04 
0.051 2.62 52 6.15 122.0 2.35 8.50 168.0 3.25 
0.102 4.62 46 8.75 87.0 1.90 12.80 126.0 2.77 
0.25 9.77 40 14.90 61.0 1.52 21.50 84.1 2.20 
0.51 17.50 36 22.50 46.0 1.28 28.50 56.0 1.63 
1.27 39.20 35 42.00 37.0 1.06 47.00 37.0 1.20 
1.90 57.50 35 57.50 35.0 1.00 62.50 36.0 1.09 
2.53 88.50 35 88.50 35.0 1.00 90.00 35.0 1.02 


Accuracy of impulse voltages best above 5 kv. 


approximately equivalent to a half cycle of a 230 kc. wave. 
Between disks 0.5 cm. apart the impulse ratio is 3, whereas in 
air it is very nearly unity for the same spacing. Between needles 
at 4-cm. spacing, the impulse ratio is 3. For the same spacing 
and same impulse in air it is 1.25, that is, thc voltage rise in oil 
is 200 per cent, in air 25 per cent. It will be noted that there 
is a considerable increase in voltage, or a high impulse ratio, for 
spheres. For sphere gaps in air the impulse ratio increases when 
the spacing is less than 0.54 V R cm.; the increase is quite rapid 
when the spacing is less than 0.27 УР cm. In oil the “ energy 
distance ” or rupturing distance is 2 VR ст. А considerable 


___ ЙӨК пе пай 
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increase should, therefore, be expected in oil when the spacing 
is limited to less than 4 VR cm. as was the case in this test. 
It is probable that the impulse ratio is quite appreciable for 


TABLE XV. 
IMPULSE AND 60 ~ BREAK-DOWN VOLTAGES IN OIL. 


Impulse ratio 
Spacing 60 ~ Impulse Tmpulse same spacing f 
cm. kv. max. kv. max. ratio oil in air. 


Between disks 2.5 cm. diameter 


05 - | 566 | 170 | 3.00 |Арргох. 230 kc. 


' Between Needles. 


1 50 103 2.00 T 
2 69 157 2.20 1.20 Approx. 230 kc. 
3 89 233 2.60 1.21 
4 108 321 3.00 1.25 
2.54 Spheres—Small Spacings. 
Spacing less than 4 v R.) 
0.25 70 160 2.30 
0.50 100 245 2.45 Approx. 230 kc. 
| 0.70 115 270 2.35 
| 1.00 140 285 2.05 
TABLE XV—Continued 
IMPULSE AND 60 ~ BREAK-DOWN VOLTAGES IN OIL. 
Between 2/0 Needles. 
Needle 60 ~ spark-over Impulse Impulse | f 
spacing cm, kv. (max.) kv. ratio 
0.32 28.0 36.5 1.30 100 ke. 
0.64 40.0 70.0 1.75 (single half sine 
1.27 63.0 128.5 2.04 wave.) 
1.70 74.0 175.0 2.87 
2.00 81.0 
3.00 104.0 
0.20 20.0 36.0 1.80 500 Кс. 
0.32 28.0 64.0 2.30 (single 
0.42 31.5 92.0 2.92 half sine 
0.56 37.0 121.5 3.29 (wave.) 


sphere gaps in oil even when the spacing is not limited. 
Results are also given, at somewhat lower voltages, where the 
waves are accurately known. See Fig.30. Higher break-down 
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voltages for impulses result partly because moisture particles 
do not have time to line up. 


COMPARISON OF THE EFFECTS OF HIGH FREQUENCY, 60 ~ 
AND IMPULSE VOLTAGES 


It is interesting to compare the effect on oil for continuously 
applied voltage (60~), high-frequency voltage from an alternator, 
high-frequency oscillatory voltages, and single impulse voltages. 
Such a comparison is givenin Table XVI. These data show how 
necessary it is to state the kind of ‘‘ high frequency." There 15 
not a great difference in the breakdown voltage for the single 


IMPULSE RATIO 
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8 12 16 
САР SETTING-CM 
Гіс. 30 -TRANSIENT SPARK-OVER ОЕ 2/0 NEEDLES IN №. 6 TRANSIL 
OIL; TEMPERATURE 25 DEG. CENT. 


impulse, and for the damped oscillation with wave trains follow- 
ing one another at the rate of 120 per second. The break-down 
voltage for continuously applied high frequency from an alter- 
nator is much lower than the 60 ~ break-down voltage. Here the 
effect of each half cycle is cumulative, and there is great local 
heating. 


EFFECT OF TRANSIENT VOLTAGES ON SOLID INSULATION 


STRENGTH VS. TIME ОЕ APPIACATION 


In air and oil there is very little loss for continuously applied 
direct current or 60 ~ alternating current, until the gradient 


m . =,» @ 
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is somewhere high enough to cause a local break-down in the 
form of corona or brushes. As heating due to losses 1$ not an 
important factor the 60 ~ (max.) and d-c. break-down voltages 
are practically thesame. For air, even at fairly high frequencies, 
the break-down voltage is not appreciably changed if the elec- 
trodes are smooth." There is appreciable loss in solid insulation 
as soon as voltage is applied. Heating decreases the dielectric 
strength. A considerable part of the voltage-time curve is thus 
greatly affected by heating, especially at high frequency. 

The data in Table XVII give an example of a voltage-time 
curve. See Fig. 31. Тһе values from “ infinite ” time to 1/100 
second were obtained at 60 ~. The data for the smaller values 
of time were obtained by impulse. It is probable that heating 


TABLE XVI. 


COMPARATIVE STRENGTH OF OIL FOR HIGH FREQUENCY, IMPULSE, 
OSCILLATORY, AND 60 CYCLE VOLTAGES 


(Transil oil between flat disk terminals, square edges. 2.5 cm. diameter 
| Ч1а.; 0.25 ст. зрасе.) 


Break-down Gradients. 


Single impulse sine | Damped oscillations High-frequency al- 
60 cycle kv. per cm. shape corresponding | train frequency 120 | ternator 90 kilo- 
max. to 200 kilocycles. per second. Fre- cycles. 
Ку. per cm. max. | quency 200 kilocycles kv. per cm. max. 
kv. per cm. max. | : 


170 . 390 300 67. 


——— ——— Lt 
—.— — дж. 


is not an appreciable factor for values of time less than 60 seconds, 
on the 60 ~ test. 

The general law (14) is followed by all solid insulations for 
low-frequency sine wave voltages and time of application from 
o time to about 1/100 of a second. When voltages are ap- 
plied for shorter time, by impulse, the apparent strength does 
not increase as rapidly with decreasing time, as equation (14) 
and Fig. 31 indicate. The small time limit depends upon the 
insulation. This seems to be due to the shattering effect of 
high over-voltages. When very high impulse voltages are 
applied, for instance, to porcelain tubes, these tubes may be 
completely shattered. Equation (14) is, however, useful in 
design at low frequencies over the above range. It should be 


13. For a more complete discussion sce, Е. W. Peck, Jr.,— Dielectric 
Phenomena in High Voltage Engineering. Chapters III, IV, VI and VII. 


~ а 
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noted that Тіп seconds times frequency is a count of the num- 
ber of cvcles that the voltage is applied. 


р = р, (1 + vr) kv. per cm. max mum. (14) 


Where g — rupturing gradient. 
g, = constant for the insulation = break-down gradient 
for © time. 
a = constant of insulation. 
T = time in micro-seconds. 
Both g, and a vary with the material, thickness tem- 
perature, ефс.1* | 


TABLE XVII. 
STRENGTH vs. TIME OF APPLICATION. 


| 


Time Maximum Maximum 
| scc. Micro-seconds kilovolt puncture. Әт kv. per ст. | 
| 
i | 
ox © | 32.8 155 | 
60 60 000 000 | 37.5 180 | 
1. 1 000 000 | 49.3 235 | 
0.1 100 000 | 61.0 290 
0.01 10 000 85.0 405 
0.001 - 1 000 113.0 540 | 
0.0001 100 196* 935* 
0.00001 10 310* 1480* | 


14 layers of impregnated paper between concentric cylinders. R = 0.67 ст..г = 


0.36 cm. ‘ 
" е 

5 R 

r log, E 


*Calculated. 


For theinsulation given in Table XVII, 
gs = 155 
а = 15.8 


EFFECT OF TRANSIENT, HIGH FREQUENCY AND 60 CYCLE 
VOLTAGES 


There is a greater difference in the break-down voltages of 
solid insulations under different conditions, than for oil and air. 
This is so because of the high losses, etc., in solid insulation." 

14. For a more complete discussion see, Е. W. Peek, Jr., —“ Dielectric 


Phenomena in High Voltage Engineering." Chapter VII. 
15. ibid. 
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This difference is illustrated in Table XVIII. The impulse 
ratio for solid insulations seems to be of the same order as for 
oil, but in general slightly higher. Тһе “ опе minute ” 60 ~ 
test is used to obtain the impulse ratios in Table XVIII. The 
importance of specifying the sort of “high frequency" and meth- 
od in making tests 1s obvious. | 


CUMULATIVE EFFECT OF OVER-VOLTAGES OF STEEP WAVE FRONT 


If impulse voltages higher than the continuously applied break- 
down voltages are applied to oil and air, local ruptures which do 


| For values of time greater than 0.01 Sec. tests made 
120 — at 60 ~. For Shorter times,- by Impulse. Bu 
Points measured values 

Él calculated from 


Y 
== En же C 


“- = 
ТІТТІГІГІТІ 
иаа аы 


ПМЕ MICRO: SECONDS 


6 
ME Plotted loganthmically to obtain « eqation 


log, (E -32 8) 


€ TIME MICRO SECONDS 


Fic. 31—PuNcTURE VOLTAGE VS. TIME 
14 layers of impregnated paper between concentric cylinders. К = 0.67 cm. r= 0.36 cm 


not result in break-down may take place. The local break-down 
is automatically repaired by an inflow of new oil or air; the effects 
of the impulses are not cumulative unless they follow one another 
in succession at a very rapid rate, as high frequency from an al- 
ternator, or oscillations with high wave train frequency. 

Voltages greatly in excess of the 60 ~ puncture voltage may 
also be applied to solid insulation without complete rupture if 
the time of application is of sufficiently short duration. Such 
voltages injure the insulation by local shattering, cracking or 
tearing. Each additional impulse adds to this. For a very 
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high over-voltage such materlals as porcelain may be badly 
shattered by a single impulse. А sufficient number will cause 
break-down; the effect is cumulative even if the time intervals 


TABLE XYIII. 


COMPARATIVE INSULATION STRENGTH FOR HIGH FREQUENCY, IMPULSE, 
OSCILLATION AND 60 CYCLE VOLTAGES. 


Temperature 30 deg. cent. 


Damped oscilla- | Single impulse| 


High frequency |tion. Train freq. | sine shape, cor-| Imp. | Thick 
60 cycles. (alternator) 120 sec. | responding to | ratio | ness | Lay- 
90,000 cycles. 200,000 cycles. | half cycle of ст. ers. 
| | 200,000 cy. 
kv. per cm. kv. per cm. kv. per cm. kv. per cm. 
(max.) (max.) (max.) (max.) 
Rapid- Rapidly | кете 
ly ap- | 1 тіп.  аррПей.| | min. | applied | 1 min. 
plied. | | 
Transil Oil between Flat Terminals—Square Edge. 
2.5 cm. diameter—0.25 cm. space. 
| | | 
170 | | 67. | 300 390 2.10} 0.25| 1 
| 
Oiled Pressboard. 
10 cm. diameter Square Edge Disks in Oil. 
| | | | 
355.0| 310. 95.0 | 72.0 | 370. | 290. 720 | 2.3 | 0.25| 1 
395.0| 370. | 61.0 | 41.0 | 420. | 240. a | 0.50| 2 
25.0 | 17.60 | | | 1.50| 3 
| | | | 
Varnished Сай. 
10 cm. diameter Square Edge Disks in Oil. 
530. | 465.0! 195.0 | 176.0 5% сх 1080. 2.26) 0.06] 2 
420. 310.0) 135.0 100.0 550 560 780. 2.50| 0.15| 5 
420. 310.0 100.0 73.0 490 410 700. 2.251 0.25] 8 
330. 275.0 $^; sha 410 305 600. 2.20] 0.36) 12 


‘Rapidly applied " voltage brought to puncture value іп a few seconds. 
between applications are very great. For continuously ap- 


plied high frequency or high train frequency, the high loss 
masks all other effects and causes low voltage break-down. 


Digitized by Google 


— > — —— 
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One example of the cumulative effect of impulses with long time 
intervals between applications is given in Table XIX. If the 
impulses are of still shorter duration a greater number are re- 
quired to cause break-down at a given voltage. Insulations 
und line insulators are often gradually destroyed in this way. 


TABLE XIX. 
CUMULATIVE EFFECT OF OVER-VOLTAGES OF STEEP WAVE FRONT 
VOLTAGES ON SOLID INSULATIONS. 
(Oiled pressboard 0.32 cm. thick between paraliel plates 100 kc. sine impulse.) 


Kv. maximum of Number to cause 
applied impulse. break-down. 
100 x 
140 100 
150 16 
155 2 
165 1 


Rapidly applied break-down at 60 ~ 100 kv. тах. 


If a very high voltage is applied, for instance, to a line insula- 
tor the number of applications to cause break-down will depend 
upon the nature of the arc-over path through the air, and the 
shapes of the caps and pin. To imitate this place a piece of oil 
pressboard between flat disks and find the number of high voltage 
impulses to cause puncture when the 
electrodes are shunted, (1) by a needle 
air gap, (2) bv a sphere air gap, set at 
the same 60 ~ voltages. See Fig. 32. 
These data show in a striking way the 
relatively small lag of the sphere. When 
the electrodes were shunted by a sphere, 
break-down did not take place in 300 
applications; when shunted bv points 
with the same 60 ~ setting as the 

Shunt Gan spheres, break-down occurred on a single 
Fic. 32 application. 


SOME PRACTICAL ILLUSTRATIONS 


In practise, lightning often discharges across a large spacing 
between bus bars, line insulators, etc., in preference to gaps which 
have a much lower 60 ~ setting. The reason for this is now 
apparent. As an example, a flat bus bar has a 60 — spark-over 


,% 
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voltage of 100 kv., while a point gap, shunting it, has a 60 ~ 
spark-over voltage of 50 kv. If the 60 ~ voltage is gradually 
increased to 50 kv. an arc-over will take place across the points. 
If, however, lightning causes the voltage to increase along a 
wave equivalent to a single half cycle of a 900 kc. wave with a 
120 kv. maximum voltage, spark-over will occur across the bus- 
bars. This can be seen by reference to Fig. 10 or by calculation 
from equation (8). The point gap impulse spark-over voltage, 
for a 60 ~ setting of 50 kv., is 127 Ку. The field is approxi- 
mately uniform around the bus bars, and the spark-over voltage 
remains at approximately 100 kv. The points must be subjected 
to the voltage during the time that it increases from 50 
kv., to 127 kv. The points are “ slow." Thus, the 60 ~ spark- 
over voltage does not in general indicate the transient spark- 


TABLE XX. 
CUMULATIVE EFFECT OF IMPULSES. 


Insulation between electrodes and shunted by кар. as т Fig.:32. Approx. 230 kc. impulse. 
Pressboard 0.32 cm. thick. 60 ~ puncture voltage 100 kv. max. Single impulse puncture 
voltage 140 Ку. max. 


Shunt across Impulse applied 60 ~ setting of Number of impulses 
electrodes. max. kv. shunt gap (max.) to puncture. 
No shunt.. ....... \ 150 1 
No зрагК-оуег...... 1 
Blunt points.......... 350 120 1 
Spheres..... ........ 350 ' 120 300 no puncture 


over. Two gaps may be set at widely different 60 ~ voltages. 
A transient voltage high enough to spark-over either gap will 
select the one set at the highest voltage if that gap requires the 
least time under the circumstances. 

Lightning travels along a transmission line at the rate of З х 108 
meters per second. Thus a wave one kilometer in length passes 
a given point in 3.3 Х 1076 seconds or in 3.3 micro-seconds. Ву 
referring to Fig. 12 it can be seen that a wave of the above length 
might easily pass by a needle gap before discharge could take 
place. Ап insulator similar to the one shown in Fig. 26 would 
readily arc-over if the voltage were high enough. Corona would 
also form on the transmission line due to this wave and would 
help dissipate it to some extent. Damage might be done to line 
insulators as illustrated in Tables XIX and XX. 

Various other practical applications of these data may be made. 
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THE GENERAL LAWS OFBREAK-DOWN OF DIELECTRICS BY 
TRANSIENT VOLTAGES 


AIR AND OTHER GASEOUS DIELECTRICS 


Energy is required to rupture dielectrics; this introduces a 
time lag. Thus, on account of this time lag, when voltage is 
applied at a very rapid rate, as by an impulse, spark-over does 
not occur when the continuously applied breakdown voltage is 
reached. The voltage ‘‘ overshoots " this value during the time 
rupture is taking place. This excess, or rise, in voltage is greater 
the greater the rate of application. 

If the voltage between electrodes is increased very gradually, 
never appreciably exceeding the minimum break-down voltage, 
a very long time may elapse before break-down occurs. If the 
field is fairly uniform a slight change in the conditions as initial 
ionization, or very small increase in voltage, may reduce this 
time from “infinite " to small finite time. The rise in voltage 
is not generally measurable for continuously applied voltages and 
the lag is, therefore, not noticed. "The energy to rupture and, 
therefore, the required voltage rise and time depend upon the 
nature of the dielectric, the dielectric field, the shape and spacing 
of the electrodes, initial ionization, the rate at which the voltage 
is applied, etc., as follows: For formulas see text above. 

l. If an impulse voltage rising at a given definite rate is applied 
between two electrodes spark-over will not take place when this 
voltage reaches the minimum continuously applied break-down 
voltage, but a finite time later. During this time the voltage 
has risen to some higher value before spark-over occurs. The 
. ratio of the impulse spark-over voltage to the continuously ap- 
plied spark-over voltage is termed the “ impulse ratio "; the time 
interval between these voltages has been termed the “ Іар.” 

2. For a given rate of increase of voltage the rise above the 
continuously applied and, therefore, the impulse ratio and lag, 


is greater, the greater the non-uniformity of the Ве around the 


electrodes. For greatly non-uniform fields corona must alwavs 
form in a space around the electrodes before spark-over can take 
place; energy must be expended in ionizing this space before the 
spark starts. For uniform and fairly uniform fields spark-over 
takes place without preliminary corona formation. For elec- 
trodes in general, non-uniformity of the field increases with 
spacing. Impulse ratio and lag, therefore, also increase with in- 
creasing spacing. In illustration of the above: for a given steep 
wave the lag of a needle gap may be so great that double the 
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‚ continuously applied voltage is reached before spark-over occurs; 
the lag of a sphere is comparatively so small that the rise in volt- 
age may be only one or two per cent. 

3. For a given gap the rise, or excess, in the impulse spark- 
over voltage above the continuously applied voltage increases 
with the rate of application of the voltage. For the steeper 
wave fronts the break-down voltages are higher, but the time 
lay 1s less; less time is required to cause break-down at the higher 
average voltages. If the impulse is not steep the voltage rise 
is not great, but the lag may be comparatively long. The lag 
and voltage rise for a given gap are thus not constant but are depend- 
ent upon the rate of application of voltage; break-down 1s a matter 
of energy. If the rate of increase of voltage is great enough spark- 
over tends to be governed by linear spacing. 

4. Corona 1$ essentially spark-over from a conductor to space 
through the energy distance. (0.3Ут cm. for wire.) The lag 
of corona for impulse is thus small for large wires and in the order 
of that of sphere spark-over; for small wires, on account of the 
great non-uniformity of the field, the corona lag becomes ap- 
preciable and apparent by a rise in the impulse critical voltage. 

5. Whether the degrce of initial ionization in general measur- 
ably changes the rise in the impulse spark-over voltage over 
the continuously applied spark-over voltage for a given pair of 
electrodes seems to depend, to a great extent, upon whether 
the corona lag is measurable or apparent by a rise in voltage. 
Usually the corona lag is not measurable or appreciable com- 
pared to the lag of the final spark-over. Corona once formed 
supplies the initial ‘‘ ionization " for the final spark. Тһе effect 
of initial ionization is then generally not great, but may be so 
under certain conditions. 

6. Impulse spark-over and corona voltages decrease with de- 
creasing air desnity. The impulse ratio, however, increases 
with decreasing air density. It is probable that at very low 
air densities very high voltages are required to cause spark-over. 

7. For dissimilar electrodes impulse spark-over takes place 
at the lowest voltage when the electrode in the densest field 
is positive. Corona appears to start at the lowest voltage on 
a small wire when the wire is negative. For uniform and fairly 
uniform fields a difference between + and — rupturing volt- 
ages cannot be detected. 

8. When the spacing is less than the energy distance, 0.54 У R 
cm. for spheres) the lag increases. 
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9. The lag for spark-over on smooth dielectric surfaces is 
very small, but becomes greater as corrugations are added. 
The transient arc-over voltage is less affected by true surface 
“ leakage " than the 60 ~ arc-over voltage. 


Оп, AND [лоб INSULATIONS 


The transient break-down voltages for oil follow much the 
same laws given above for air. The energy and, therefore, the 
impulse ratio and lag are much larger for gaps in oil. The 
impulse ratio and lag are quite large for spheres. As the energy 
distance for spheres in oil is 4 V/R, considerable lag is caused in 
this way even at fairly large spacings. For formulas see text. 


бор DIELECTRICS 
1. Solid dielectrics require energy, and therefore, finite time 
for break down as do oil and air. The impulse ratio is generally 
. highest for solid dielectrics. ; 
2. The effect of over-voltages on solid insulations is cumula- 
tive. For formulas see text. 
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EXPERIMENTAL RESEARCHES ON SKIN EFFECT IN 
CONDUCTORS 


BY A. E. KENNELLY, F. A. LAWS AND P. H. PIERCE 


ABSTRACT OF PAPER 


The results are given of about one hundred series of tests, 
each covering a range in frequency up to about 5000 cycles 
per second, on the impedance of long loops of parallel con- 
ductors of different metals, sizes, and cross-sectional forms. 
The measuring apparatus is detailed. The theory of the skin 
effect in solid rods and in indefinitely wide flat strips is 
appended in a new and simplified form. 


HE FOLLOWING researches were conducted, under an 
appropriation from the American Telephone and Tele. 
graph Co., at the Massachusetts Institute of Technology in 
the Research Division of the Electrical Engineering Depart- 
ment, during the year 1914-15. In the early part of 1914, they 
were carried on under the directorship of Prof. Harold Pender. 
They date their origin, however, to M. I. T. thesis work under- 
taken in 1912-13. 

Brief Early Historical Outline of Skin Effect Research. The 
first mathematical discussion of auto-distorted alternating- 
current density in a wire appears to have been given by Max- 
well in 1873. Heaviside contributed an extensive mathematical 
literature to the whole subject in 1884-1887. J. H. Poynting 
also contributed to the mathematics of the subject in 1884- 
1885. Hughes developed the experimental side of the subject 
in 1886. Lord Rayleigh in 1886 first gave the formula for 
skin effect in an infinitely wide strip. Dr. H. F. Weber in 
1886, J. Stefan in 1887 and O. Lodge in 1888 contributed further 
material. Lord Kelvin gave the expression in ber-bei functions in 
1889. Hertz in 1889 and Sir J. J. Thomson in 1893 discussed the 
subject both from the experimental and mathematical stand- 
points. Mr. J. Swinburne used the term “ skin-effect " in 1891.1 

Manuscript of this paper was received June 25, 1915. 

1. Discussion on the paper of Dr. J. A. Fleming, “ On Some Effects 


of Alternating-Current Flow in Circuits having Capacity and Self In- 
duction," Journal Institution of Electrical Engineers, London, Vol. 


XX, May 1891, p. 471. 
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Current-Distortion Effects. The phenomena to be discussed 
relate to distortions in the distribution of current-density over 
the cross-section of conductors, and may therefore be summed 
up under the title of !* current-distortion effects.’ These effects 
may be subdivided into three classes as follows: 

1. An effect due to disturbance of current density in а con- 
ductor due to the alternating magnetic flux linked with the 
same, as in the case of simple, straight, round wires remote 
from return conductors. This is the “ skin-effect.”’ It may be 
regarded as duc either to imperfect penetration of electric cur- 
rent into the conductor, or to the grcater reactance of the 
central core of the conductor with respect to the surface layer; 
whereby the current densitv is less on the inside than on,the 
outside. 

In a uniform solid round wire, the skin effect 1s symmetrical 
with respect to its axis. In solid wires of other than circular 
form, the skin effect is, in general, dissvmmetrical. 

2. An effect found in spiralled stranded conductors and due 
to the reactance of the spirals. This has been called the “ spir- 
ality effect." 

3. Ап effect found in parallel linear conductors of any cross- 
sectional form when in proximity, owing to the alternating 
magnetic flux from one penetrating the other. This may be 
called the “ proximity effect." 

The entire phenomenon of current-distortion effect, includ- 
ing the skin effect as a subtype, may nevertheless be referred 
to broadly as ''skin effect” in conformity with current usage, 
unless a distinction is called for. 


APPARATUS EMPLOYED 


The Mutual Inductance Bridge. Professor Hughes, on as- 
suming the presidency of the Society of Telegraph Engineers in 
1885, delivered an address on “ The Self-Induction of an Elec- 
tric Current in Relation to the Form of its Conductor." In 
carrying out the experiments there described, he used a form 
of bridge, which is diagrammatically shown in Fig. 1. Its 
peculiarity is that an e.m.. is introduced into the detector 
circuit by means of a variable-ratio air-core transformer, or 
mutual inductance, shown at m in the diagram. The detector 
current can be brought to zero by adjusting the. bridge arms 
and the mutual inductance. In the original paper, owing to 
an inadequate examination of the theory of this arrangement, 
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the results obtained were misinterpreted. Professor Hughes's 
paper precipitated a lively discussion, in which Lord Rayleigh, 
Sir Oliver Heaviside and Professor Н. Е. Weber participated. 

One of the by-products of this discussion was the formulation 
of the complete theory of the Hughes bridge, by Professor 
Weber and Lord Rayleigh. Mr. Heaviside also showed that 
the arrangement ‘used by Professor Hughes was not as simple 
in its action as that obtained, if the mutual inductance is in- 
serted between either the supply circuit or the detector circuit, 
and one of the bridge arms. Both the Hughes and Heaviside 
bridges are shown in Fig. 1. The Heaviside bridge has been 
employed in all the work here reported. 

The conditions for balance in the Heaviside bridge may be 
deduced thus: 


d 
---------- Detector or Source ---------- 
HEAVISIDE BRIDGE 


Fic. 1 


The impedances of the bridge arms are denoted by Z and 
the mutual inductance by m. The r.m.s. current in any arm 
is denoted by 1 with the subscript designating the arm. 

At balance, the currents in the arms М and М are equal, 
likewise those in X and P. 

The potential difference between a and b, reckoned through 
the arm Zw, must be the same as that via the arm Zx, and the 
detector circuit, and that between b and c, reckoned through the 
arm N, must be the same as that via the detector circuit and the 
arm P. Consequently 


Zulu = 2,1, + то Ix volts Z* (1) 


2. The sign Z following the unit of an equation indicates that each 
side of the equation and every separate term thereof is to be considered 


as a " complex quantity," or plane vector. 
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Therefore 
м PEN Le + jm а) 


Z о numeric Z (3) 


In these experiments, an equal-arm bridge was used, with 
reference both to resistance and inductance; so that 


ба = бк | ohms Z (4) 
and the condition for balance becomes 
Zp — Их = 2 jmo ohms Z (5) 


If Re”, Le”, Rx” and Lx”, are the total resistances and induct- 
ances of their respective bridge arms, then 


R” — R,” + jo(L," — Ly’! - 2m) = 0 ohms Z (6) 


000000 
909000 


Fic. 2—ARRANGEMENT ОЕ HEAVISIDE BRIDGE 


Separating the quadrature components, we have 


Kg ERU ohms (7) 
LU = Lx” + 2m henrys (8) 


as the conditions for balance. 

As we have to dcal with small resistances, the most satisfac- 
tory method of varying the resistances of the bridge arms is to 
use a slide wire, as indicated in Fig. 2. Also, to eliminate ex- 
trancous resistances and inductances, it is advisable to work 
by the method of differences, two balancings being taken, the 
first, with the loop short circuited, the second, with the short 
circuit removed. 

Actual Construction and Arrangement of the Bridge. То avoid 
trouble from stray ficlds, the various fixed coils of the bridge were 
wound on wooden rings, as indicated at M, М, X and Р, Fig. 
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3. Тһе turns were fixed in position, by being wound in carefully 
spaced saw-cuts. Eddy current effects in the mutual inductance 
(arms X and P) were avoided, by using for the primary winding 
a conductor made of 90 strands of No. 30 В and 5 enamelled 
copper wire, (diameter of each strand 0.255 mm.). 

The primary winding of the mutual inductance was covered 
with a laver of tape. А thin, hard rubber ring with cqually 
spaced radial saw-cuts served definitely to fix the secondary 
winding, which was carefully wound outside of the primary; 
so that it was spaced as nearly uniformly as possible, the aim 
being to obtain a uniform mutual inductance per turn. By 
means of the radial arm, A, the number of active, secondary 
turns can be varied form 0 to 89, by single-turn steps. "Values 


Fic. 3—ACTUAL ARRANGEMENT OF BRIDGE 


intermediate between those given by two consecutive turns, are 
obtained by the use of the fine adjustment coil, shown at F A. 
This coil of three rectangular turns, each 2.5 cm. X 3.5 cm., is 
mounted within the wooden ring, as shown, and in such a manner 
that it can be rotated about its longer axis, to include a greater 
or lesser amount of the flux within the primary winding. 

The change of mutual inductance due to turning the small 
coil, from the position of minus maximum to that of plus maxi- 
mum, is somewhat greater than that due to one turn of the fixed 
secondary. The head, by which the position of the small coil is 
read off, is so graduated that one reads directly to tenths of a 
fixed turn, and, by estimation, to hundredths. | 

Twisted pairs of wires are used for all connections, апа are 
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cleated to the table, so that they occupy fixed positions. The 
positions of the leads e f and g h, are fixed with reference to the 
shde wire. Any induction effects are thus rendered definite, 
and independent of the position of the telephone, which was used 
as the a-c. detector. Contact between the slide wire and the 
lead с f is made by a sliding spring clip. The functions of the 
switches shown in Fig. 3 are as follows: 

By means of S, either direct or alternating current may be 
supplied to the bridge. 

5. is a mercury switch, with ample contacts, by which the 
arms M and N may be reversed. 

' S; allows either the galvanometer or the telephone to be used 
as a detector, for 4-с. and a-c. bridge balances, respectively. | 

54 reverses the terminals of the secondary winding of the 
mutual inductance. 

In order to cover the entire range of the loop resistances in 
these experiments, it was necessary to use two different slide 
wires. Each wire was arranged togcther with its lead, ef, on 
a meter stick, so that the change from one to the other could be 
effected with little trouble. То avoid any indefiniteness due to 
contacts, the joints at the ends of the slide wire were always 
soldered. Table I gives the data of the slide wires used. 

Check measurements of standard resistances and inductances 
were made at different times with the testing apparatus to make 
sure that it was in good order. 


TABLEI. SLIDE-WIRE DATA. 


Change in induct- 


Gage Resistance ance by moving 
Slide wire B. & S. Material ohms per cm. slider 2 cm. 
number k и 
= abh 
2 епгув 
1 8 German Silver 0.000280 8.9 
2 11 German Silver 0.000810 8.2 


Change of inductance per turn of the mutual inductance winding, 
К = 1342 abhenrys per turn. 


Тһе Loop of Conductors under Test. Тһе conductors under test 
were arranged in a single long loop, with parallel sides. They 
were placed out of doors, about four meters from the ground, and 
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rested either on glass insulators or on dry wooden supports, as 
` occasion offered. By the use of tackles, the wires could be drawn 
taut, their positions being thus rendered definite. Fig. 4 is 
from a photograph of the loop, taken from one end of the alley. 
Fig. 5 (which is not drawn to scale) shows the arrangement of the 
line terminals. The short links allow the line to be transferred 
from position 1 to position 2 in the bridge, see Fig. 3. The link, 
mounted on the spring, is for the purpose of short circuiting the 
line, as above mentioned. [5 action is controlled at the obser- 
ver's position in the testing room by the use of the electromagnet 
M. | 
The observations are made as follows: The test loop is con- 
nected by the mercury cups to the bridge leads 1, (Fig. 3) while 


Fic. 5—LiNE TERMINALS 


the bridge leads 2, are short circuited. "Two sets of readings are 
then made, first with direct and then alternating currents; one 
set with the line short circuited, and the other with the short- 
circuit removed. The ratio arms, M and N, are then reversed 
and the readings repeated. The line is then transferred to the 
other side of the bridge; that is, to the leads 2, while leads 1 are 
short circuited, and four more sets of readings are taken. The 
arithmetical mean result, given by the various sets of readings, 
is used in the computation. 

During the balancings, the frequency is determined by the 
arrangement later described. А typical set of readings is shown 
in Table II. The theory of the a-c. bridge balance, applied to 
the actual construction, is given in Appendix I. 
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TABLE II. 


Sample of a set of observations and calculations at one frequency in determining the skin 
eftect of the No. 0000 solid copper wire, spaced 60 cm. between conductors. 


Using Slide Wire No. 1. 


————————————————=——_ 


Temp 
deg. Freq. | Arms | ly’ бұ” no "| lo li о 10 м, яо 
cent, ! спа. em. | turns 
25.6 | 1600 I | 51.42] 84.62] 4.32 | 43.32] 53.15] 69.22] 33.20] 16.07 
II | 54.25) 88.40] 4.47 | 43.58] 58.15] 74.35] 34.15) 16.20 
III | 50.66] 18.55] 5.28 | 44.33] 52.55] 36.60] 32.11] 15.95 
IV | 53.51] 22.12] 5.12 | 44:071 57.56] 41.72) 31.39] 15.84 
32.71] 16.02) € ы 
D-c. Resistance К = kh — 10) (А) | 
= 0.00056 Х 16.02 = 0.008972 ohms Е ^ 
R* h^ — lo’ 32.71 
Skin Effect Resistance Ratio — = —————— = —— = 2.042 (B) è 
R h— le 16.02 . 
Total Inductance of Loop L = К (п: — по) +m (А — lo!) (С) 


= 1342 X 39.03 + 8.9 x 32.71 
= 52378 + 291 = 52669 abhenrys 


CALCULATION OF INDUCTANCE OF Loor 


In the calculation of the inductance of the rectangle of conductor, the following formula і 
was used. It is a slightly modified form of formula 107 by Rosa and Grover in the Bulletin 
of the Bureau of Standards, vol. 8, p. 155. 


2b b b d 
АСЕ а X Loggen 4 
а 


“ЖС dq) | (D) 


where a = cm. length of rectangle 
b = cm. distance between axes of wires 
d = cm. diametei of wires 
A - abhenrys external inductance : tn 


., 


LS 
С = = = skin effect inductance ratio ; “жы ANUS 

- | m 
C (a + b) = abhenrys internal inductance 4 e, ho et? 
1. = abhenrys total inductance , 

In the sample case given above 

а = 2703.6 cm. ы; м 
b = 61 cm. А , И 
d = 1.168 ст. © TAN ея 
L = 51082 + 2764 С “clipe >" 
At 0 frequency С = 1 А у 
and Li = 2764 м; MER S 7 
At 1600 ~ 14” = 52669—51082 = 1587 abhenrys | 


, à 1 E % 
= * Т " » LI 


168 3.2555 
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Electromagnetic Revolution-Counter. It was necessaty for the 
Observer to work 1п,а soundproof room, distant from the ma- 
chinery of the laboratory. Therefore, to facilitate the deter- 
mination of the frequency, which must be measured with pre- 
cision, the following arrangement was designed and constructed, 
with the object of determining Бу. means of a stop watch, the 
time necessary for the completion of a given number of hundreds 
of revolutions of the generator. The device (Fig. 6) consists - 
of two members,—a contact device which closes a circuit at the 


Fic. 6—ELECTROMAGNETIC REVOLUTION COUNTER 


Completion of each one hundred revolutions of the generator 
Shaft, and a device for properly pressing the catch of the stop- 
Watch. Fig. 6 is a schematic diagram of the apparatus. 

The contactor is at CW. It consists of a worm and wheel, 
with a ratio of 100 to 1. The wheel carries an arm which, once 
every revolution, completes the circuit between a and b. The 
magnets М, and М; are thus energized. The gearing runs in 
a grease box, and a simple coupling K, permits of its ready 
attachment to any machine. The function of the magnet М», 
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is to press the catch of the stopwatch. The watch, being set 
at zero, on the first contact after closing the switch, S W, the 
armature A» is drawn down, and the stop watch is started. As 
A» moves down, the latch 5. slips over it, and holds it in the 
depressed position. This prevents the succeeding contacts from 
stopping and restarting the watch. At the initial, and at every 
succeeding contact, the magnet М, is energized, and, by means 
of the ratchet spring S. advances the wheel R W one tooth, 
in opposition to the spring Sı. Sis the retaining pawl, which 
bears so heavily оп R W, that it also serves as a brake, and 
prevents sudden impulses of M, from advancing R W more 
than one tooth at a time. After a definite number of con- 
tacts determined by the position of the pin P, the arm К, en- 
gages with 5., and allows the armature A» to rise. At the next 
contact, the armature is again depressed and locked. The 
watch is thus stopped at, say, the completion of 1000 revolu- 


To Bridge 


To Detector 


To 700 Cycle 
Generator 


Fic. 7—TELEPHONE SENSITIVITY MAGNIFIER 


tions of the generator. Further operation of the device is then 
prevented, for the arm К, is arrested against the spring, Se. 

The resetting is accomplished by depressing the lever L. 
The springs S and S; and the latch are thus lifted, and spring 
S, returns the arm R, to the dotted position. At the same time 
5 И’, makes contact, М» is energized, and the watch reset to 
zero. 

Detectors. The range of frequencies covered was from 60 
to 5000 ~. A pair of head telephones were used as the detector, 
both for direct and alternating currents. The telephones were 
sufficiently sensitive for the frequency range of from 200 to 
5000 ~. At 60 and with direct currents, the arrangement 
shown in Fig. 7 was used to increase the sensitivity. А tele- 
phone transmitter is inserted in the detector circuit. Immedi- 
ately in front of it is placed a hand telephone, which is tra- 
versed by a current from a 700-cycle generator. It therefore 
emits a loud sound. The low-frequency current in the detec- 
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tor circuit is thus broken up into alternations of that frequency 
and the effective sensitivity of the telephone to low frequencies 
is greatly increased. "This device is set up in a distant room, 
and is properly muffled, so that it does not disconcert the 
Observer. 

Generators. То cover the range of frequencies, from 60 to 
9000 ~, three motor-driven a-c. generators were employed; 
(1) for 60 —, a Mordev machine which forms a part of the 
regular equipment of the laboratory; (2) for the range 200 to 
700 ~, a small motor-generator set, originally designed for 
telephonic work; and (3) for the range from 1000 to 5000 —, 
a high frequency generator capable, at full speed, (3750 rcv. 
per min.), of giving 10,000 ~. 

Іп all cases, speed variations were obtained by the use of 
resistances in series with the armature of the d-c. driving motor. 

The waves of alternating current supplied by these generators 
to the Heaviside bridge were fairly sinusoidal. Although faint 
harmonic tones could often be detected in the observer's tele- 
phones, there was no difficulty in balancing the bridge to the 
fundamental tonc. 


TESTS ON RouND SOLID COPPER WIRES 


Tests were made on a loop of two parallel copper wires, cach 
No. 0000 A.W.G., diamcter 0.46 inch (1.168cm.), cross-section 
1.072 sq. cm., and also on two solid parallel aluminum wircs 
of the same size. ` 

Copper Wires. The loop of copper wire had a length of about 
27 meters, differing slightly in different tests." The wire was 
provided in lengths of 20 feet (6.1 m.) in selected straight rods. 
Five tests were made at as many different spacings between 
the sides of the loop. These spacings or clearances between 
conductors, were 60 cm., 20 cm., 6.4 cm., 0.8 cm. and 0.03 cm. 
respectively. Scarfed soldered joints were made between suc- 
cessive rods. The measurements were made in each case at 
a time of day when the loop was not in sunshine, and when the 
loop was consequently at a fairly constant and observed tem- 
perature. The following Table III gives the results obtained 
in these tests, at the spacing of 60 cm. Column I gives the 
spacing, or the distance between adjacent surfaces of the two 
conductors in the loop. Column II gives the temperature of 
the wire, by thermometer observation at one point on the loop. 
Column III gives the frequency. Column IV gives the total 
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d-e. resistance of the loop between its terminals, in microhms 
or thousands of absohms. Column У gives the skin-effect re- 
sistance ratio of the wire in the loop, as obtained from bridge 
measurement at cach frequency? Column VI gives the cor- 
responding computed resistance skin-cffect ratio Бу formula 
(71). Column VII gives the ratio of observed to computed 
values, as appearing in V and VI respectively. Column VIII 
gives the total measured inductance of the loop, between its 
terminals, in abhenrys. Column IX gives the total inductance 
of the loop, within the substance of the wire, after deducting 
51,082 abhenrys, the total computed external inductance, т- 
cluding end effect, in the loop. Column X gives the ratio of 
the internal inductance at each frequency, to the internal in- 
ferred inductance at zero frequency (2764 abhenrys) by divid- 
ing the entries in IX by 2764. The last column, No. XI, gives 
the same ratio as computed through formula (76.) 

It will be seen from Column VII, that the observed skin- 
effect resistance ratio differs from the computed value by not 


more than 1 per cent at any of the observations. Also, сот- 


paring Columns X and XI, it will be scen that the skin-effect 
reactance-ratio, as observed, is in satisfactory agreement with 
the calculated value. The percentage agreement is not so close 
for the reactances as for the resistances; but the internal in- 
ductance, varied by skin effect, is only about 2 per cent of the 
total inductance measured, and consequently, the changes de- 
duced in this small internal inductance cannot be predicted 
with the same precision as changes in the total apparent re- 
sistance. Тһе results on this loop of solid round copper wires, 
at 60 cm. separating distance, are therefore in very satisfactory 
accordance with the Bessel-function theory as developed by 
Heaviside and Kelvin. 

The test was repeated with the sides of the loop brought to 
a separating distance of 20 cm., by fastening the two wires to 
the edges of a wooden framework 20 cm. wide, and approxi- 
mately 27 meters long. The same procedure was followed in 
the third and fourth tests, the wires being fastened to separa- 
ting wooden strips at distances of 6.4 and 0.8 cm. apart, respec- 
tively. In a fifth test, the wires were separated only by a strip 


3. In the discussion of skin effect, it is customary to express the con- 
ductance effect through the ratio R'; R. For some purposes, however, 
its reciprocal, the conductance ratio, К/К’ is preferable. In this paper 
the customary expression is given throughout. 
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TABLE III. 
SKIN EFFECT IN A NO. 000 SOLID COPPER CONDUCTOR OF DIAMETER 1.168 CM. 


XI 


VIII 


VII 


УТ 


V 


IV 


III 


II 


Temp. Freq. M 
micro-ohms 


degrees 


Spacing 


abhenrys 


abhenrys 


observed 


observed 


dc 


cycles 


between 


per 
second 


cent. 


wires 


computed 


observed 


computed observed 


observed 


cm. 


computed 


~- 
44 


0.99 


1.024 


2830 


3912 


5 


0 999 
* 1.003 


1.0046 
1.108 


1.0038 


1.111 


8904 


60 
306 
888 

1600 
20-0 


3065 


™ 


60 


0 9463 


0.7311 


0 9714 


53.767 
03,143 


8915 


24.2 


2061 


1.010 


1.587 


2 042 


8954 
8972 


0.2299 
0.4959 


0.5142 


1.003 
1.005 
0.997 


2.036 
2.261 
2.701 
3.028 
3.371 
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0.5126 


0 4099 
0.3618 
0.3195 


1417 


22,499 


8971 


26.2 


0 4071 


1133 


1000 


2.6904 
3.034 


3 361 


t~ 
^l 


0 3595 


1.002 
0.997 


8990 


9006 


3950 


e 


0.3202 


883 


51.965 


5000 
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of thin paper, the wires being fastened together over the paper, 
by insulating tapes at frequent intervals. 


The results of the successive tests are recorded in Table IV. 


TABLE IV.—SKIN EFFECT IN A NO. 0000 SOLID COPPER CONDUCTOR 


Spacing Temp. Frequency L 
cm. degrees cycles R R’ total 
between centi- per microhms — abhenrys 

conductors grade second R observed 
2.0 

17.9 60 8640 1.0058 41,874 

15.2 288 8518 1.106 41,698 

15.2 868 8500 1.584 41,099 

15.0 1663 8495 2.120 40,576 

14.9 2061 8512 2.313 40,437 

15.2 3063 8512 2.755 40,202 

15.4 3112 8440 2.781 40,149 

15.3 3860 8440 3.067 40,071 

15.4 9040 $456 3.446 39,910 

6.4 18.5 60 8378 1.0087 30,528 
18.9 266 8388 1.100 30,320 

19.3 982 S383 1.354 30,038 

20.4 e 923 5434 1.640 29,728 

20.7 1465 8411 2.037 29,352 

20.9 2019 8316 2.344 29,108 

21.0 1992 8132 2.322 29,096 

21.0 3028 8132 2.851 28,819 

21.6 3960 8343 | 3.145 25,688 

5320 8472 | 3.558 28,546 

0.8 60 8612 1.0124 15,894 
239 8612 1.132 15,602 

671 8596 1.604 14,793 

16.3 1068 8618 1.981 14,350 

16.5 1509 8624 2.330 14,007 

16.9 1991 8635 2.643 13,782 

17.2 1988 8602 2.638 13,722 

17.8 2486 8626 2.912 13,560 

18.0 3028 8642 3.179 13,301 

18.3 3880 8642 _ 3.587 13,284 

18.4 4900 8654 3.995 13,127 

0.03 21.1 60 8696 1.0172 10,379 
21.4 236 8700 1.244 9,851 

21.5 740 8716 2.231 8,143 

21.5 1000 873^ 2.688 7,594 

21:2 1473 8724 3.460 6,889 

21.0 2038 8708 4.272 6,374 

20.9 3058 8716 5.522 5.805 

21.0 3918 8700 6.449 5,558 

21.1 5170 8729 7. 512 5,297 


At 20 cm. spacing, the skin-effect resistance ratio does not 
differ appreciably from the ratio at 60 cm. until the frequency 
of about 800 ~ is reached. Above this frequency, the ratio 
rises slightly, but distinctly, above the 60 cm. ratio, and at 5000 
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~ exceeds the latter by 2.2 per cent. This increase is to be 
attributed to proximity effect; 1.6. to the effect of the magnetic 
field from the parallel return conductor. 

As the conductors were brought closer, Table IV shows that 
the skin-effect resistancé ratio increased considerably, owing 
to proximity effect. With the separating distance of 6.4 cm., 
the rise in resistance ratio was still hardly appreciable below 
800 ~, and only amounted to 3.3 per cent at 5000 ~. With 
a separation of 8 mm., however, the ratio increased markedly, 
being 1 per cent extra at 60 ~ 
and 20 per cent extra at 
9000 ~. At the very small 
separating distance of about 
0.3 mm., the ratio was greatly 
increased, being 1.3 per cent 
extra at 60 ~, 35 per cent 
extra at 400 —, and 119.7 
per cent extra at 5000 ~. 
While, therefore, to the or- 
dinary light-and-power fre- 
quency of 60 —, the proxim- 
ity between going and return 
conductors has very little 
influence on the skin-effect 
resistance ratio R'/R of these 
rods, at higher frequencies, 


—® 
--@ 
кы 


the degrees of proximity Ваз / ae PS 

a noteworthy effect on this о — X6 

ratio, at separations below Fic. 8—No. 0000 SoLID COPPER 
6 cm., as in cabled or flexi- CONDUCTOR 5 
ble-cord conductors. Change of resistance with frequency for 


different spacing of conductors. 


The ratios of the skin-effect 
on resistance at different loop widths to that at 60 cm. width 
are collected in Table V. It will be seen that beyond the 
frequency of 3000 —, the ratio of increase due to proximity is 
but slightly affected by further increase in frequency. Thus, 
while between 60 ~ and 3000 ~, the effect of bringing the dis- 
tance between going and returning conductors down to 8 mm. 
increases the skin-effect resistance ratio from 1.009 to 1.190 
times what it would be at 60 cm., and further increase in 
frequency to 5000 — only increases the ratio from 1.190 to 1.201. 

Fig. 8 shows the skin-effect resistance ratio R'/R for the data 
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contained in Tables I, II and III, with ordinates R’/R and ab- 
scissas impressed frequency. 
In regard to parallel solid round wires, at 60 cm. separation, 


TABLE V.—SKIN EFFECT IN A NO. 0000 SOLID COPPER CONDUCTOR 


Data TAKEN FROM CURVES SHOWING RELATIONS BETWEEN SKIN EFFECT AND SPACING 
OF CONDUCTORS FOR VARIOUS FREQUENCIES. 


Spacing, R’ 
Frequency cm. between — Ratio of skin effect 
cycles per wires R to that at 60 cm. 
second resistance ratio spacing 

60 0.03 1.0172 1.013 
0.8 1. 0124 1.009 
6.4 1.0087 1.005 

20 1.0058 1.002 

60 1 . 0038 1.00 

400 0.03 1.590 1.353 
0.8 1.295 1.102 
6.4 1.184 1.008 
20 1.180 1.004 

60 1.175 1.00 

1000 0.03 2.688 1.611 
0.8 1.928 1.154 

6.4 1.700 1.017 

20 1.690 1.012 

60 1.670 1.00 
2000 0.03 4.210 1.870 
0.8 2.650 1,477 

6.4 2.335 1.037 

20. 2.295 1.019 

60. 2.250 1.00 
3000 0.03 5.450 2.040 
0.8 3.185 1.190 
6.4 2.800 1.048 
20. 2.740 1.024 

60, 2.676 1.00 

4000 0.03 6.530 2.14 
ок 3.640 1.193 
6.4 3.164 1.038 

20. 3.112 1.021 

60. 3.048 1.00 

5000 0.03 7.380 2.197 
0.8 4.040 1.201 
6.4 3.472 1.033 
20. 3.430 1.022 

60. 3.361 1.00 


Mr. C. P. Eldred, in preliminary work, during 1914, on the same 
research, at the Massachusetts Institute of Technology, ob- 
tained observations over the range between 60 — and 5000 ~ 
of the skin-effect resistance ratio in wires of both copper and 
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aluminum, which check satisfactorily the Besscl-function cal- 
culations. "The sizes of wire tested were No. 0 A.W.G. (diameter 
0.325 inch 0.826 cm., 105,500 cir mils. 0.5345 sq. cm.) and 
also No. 0000 A.W.G. (diameter 0.46 inch 1.168 cm. 211,600 
cir. mils 1.072 sq. cm.) in copper and in aluminum. 

While, therefore, the Maxwell-Heaviside-Kelvin theory for 
solid round wires has been checked within the degree of pre- 
cision of the observations, both for copper and aluminum, up 
to 5000 ~, 1.17 cm. diameter, and 60 cm, spacing, very con- 
siderable deviations from that theory have been found with 
closer spacings, owing to proximity effect. This deviation was 
predicted by Heaviside‘ in 1884. Up to the present time, the 
authors have not found a formula for skin effect in parallel 
round wires which will take the proximity effect into account. 

Stranded Conductors. The stranded conductors tested were 
of copper and of aluminum. 

Copper Stranded Conductor. The copper strand consisted of 
seven copper wires of the same size (diameter 0.442 cm.), six 
of these being spiralled around the central onc, with a pitch 
of approximately 14.5 cm. The cross-section of one of these 
wires is 0.1532 sq. cm. and taking seven times this amount as 
the cross-section of the strand, we have 1.072 sq. cm. which is 
the same (to four digits) as that of a No. 0000 A.W.G. solid 
wire. The results of the tests on a loop of 31.5 meters of this 
stranded conductor are given in Table VI, for two different 
spacings; namely, 60.9 cm. and 2.4 cm. 

Referring to the observations at 60.9 cm. spacings, it will 
be observed that the resistance skin-cffect ratio R'/R, at 60 ~, 
is 1.0052, representing an increase of only half of one per cent. 
At 5000 ~, however, this ratio increased to 3.54. In Fig. 9, 
curve В connects the observations here referred to. Тһе broken 
curve А gives the corresponding skin effect for a solid conductor 
of equal cross-section, as taken from Tables I and II, or Fig. 8, 
using the same linear resistance for both the solid and stranded 
conductors. It appears, therefore, that above 1200 ~, the skin- 
effect resistance ratio of this stranded conductor was slightly 
greater than that of the equi-sectional solid wire, owing ap- 
parently to spirality effect, the difference increasing towards 
higher frequencies. | 

As is demonstrated in the Appendix, and has already been 
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made known from earlier experimental work in this research,’ 
the skin-effect impedance ratio, as well as its component ratios, 
is the same for a uniformly and symmetrically subdivided con- 
ductor, without twist or helical lay, as in the solid round соп- 
ductor of the same material and cross-section. In any actual 
stranded conductor, however, whether of concentric-lay, or 
rope-lav, there is helical twist in some or all strands. This 
spiraling of some of the strands necessarily introduces an al- 


TABLE VI.—SKIN EFFECT IN 7-STRAND COPPER CABLE 
EQUIVALENT TO No. 0000 Зоо WIRE. 


I II III IV V VI VII VIII IX 


Calculated *or 
Solid No. 0000 Ratio 


ыы шты VI 
Spacing| Temper-| Fre- d-c. re- р' L. total R’ L, total Vin 
ет. ature quency | sistance — fabhenrys --- abhenrys 
deg. cent ohms R К 
12.0 60 0.00991 | 1.005 61,661 1.005 62,703 0.983 
25.7 207 0.01051 | 1.035 61,578 1.051 02,627 0.983 
27.0 475 0.01054 | 1.233 61.274 1.227 62,350 0.953 
26.8 925 0.01061 | 1.582 60.770 | 1.584 61.527 0.983 
60.9 27.0 1468 0 01061 | 1.966 60.335 1.945 61.384 0 983 
27.0 2010 0.01063 | 2.295 60,053 | 2.236 61.118 0.983 
27.7 3065 0.01063 | 2.802 59,719 | 2.685 60.315 0 982 
27.5 3920 0.01064 | 3.151 59.539 | 92 959 60.673 0.981 
27.2 5040 0 01061 | 3.552 50,371 $ 360 00,531 0 981 
20.0 60 0.01004 | 1.004 26.017 
12.4 189 0.00953 | 1.063 25.820 
12.3 682 0.00958 | 1.458 23.211 
15.8 1090 0.01017 | 1.789 24,812 
2.4 16.2 1540 0.00996 | 2 177 24.513 
17.2 2010 0.01026 | 2.470 24.257 
18.9 3112 0.01024 | 3.103 21,593 
17.8 3960 о 00992 | 3.615 23,066 
14.4 5040 0 00972 | 4.130 33,351 


——————»————————————————————— 


ternating magnetic force, or forces, into the interior of the con- 
ductor, thereby superposing a “ spirality-effect’’® upon the 
regular skin-effect of the same conductor unspiraled. These 
two effects are also capable of mutually modifying each other. 
The subject of “ total skin-effect” in spiralled stranded con- 
ductors is therefore more complicated than that presented in 
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unspiralled stranded or in solid conductors. It is proposed 
to carry further investigation into this question. Up to the 
present time, the seven-strand spiralled conductors tested, 
have shown practically the same skin-effect resistance ratios 
as equisectional solid: wires, up to say 1200 ~; while between 
1200 and 5000 ~, the ratio for the spiralled strands has been 
slightly greater than that of the solid wires, indicating in these 
instances, therefore, an added spirality effect. .It may be 
mentioned that both the spirality effect and the skin effect of 
a subdivided conductor may be substantially annulled by in- 
sulating its strands and so transposing them that any one 
strand occupies, in succession, 
different positions in the 
cross-section. 

Table VI shows, in its last 
column, that the total loop 
inductance of the loop of 
stranded wire appeared to be 
about 0.983 per cent, or 1.7 
per cent less than, the in- 
ductance of an equi-sectional 
solid wire at the same spac- 
ing and frequency as calcu- 
lated by formula (D Table 
II.) This result is in sub- 
Fic. 9—SEVEN-STRAND CasLe— stantial conformity with the 
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Change of resistance with frequency for Dwight’, which are to the 
different spacing of conductors. ince: НА <a loop к” 
parallel unspiralled seven-strand conductors has 1.3 рег cent 
less linear inductance than the equisectional solid conductors, 
all other conditions remaining unchanged. The change 1s at- 
tributable to the geometry of the loop system, and is inde- 
pendent of skin effect. 

Aluminum Stranded Conductor. The results obtained on two 
loops of aluminum conductor, one of solid wires, No. 0000 
A.W.G. (diameter 0.46 inch 1.168 cm. cross section 211,600 
cir. mils 1.072 sq.cm.) and the other of seven-equal-strand conduc- 
tors, of very nearly equal total cross-section (1.074 sq. cm. 
211,950 cir. mils), are given in Fig. 9. It will be seen that the 
skin-effect resistance ratio of the stranded conductor, which 
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had a lay of 23 cm., is slightly greater than that of the solid 
conductor above 2000 ~, and at 60 cm. spacing. 

Strip Conductors. It is generally accepted among electrical 
engineers, that the skin-effect resistance ratio of flat strip con- 
ductors is less than that of equisectional solid round conductors. 
This proposition has been verified in the tests here reported, 
except at frequencies below 1000 ~, in which a higher skin- 
effect has been observed, in certain copper strips, than is ob- 
tained, by calculation, for equisectional round copper wires. 


TABLE VII.—SKIN EFFECT IN COPPER STRIPS WITH 60-CM. SPACING 
BETWEEN CONDUCTORS 


Tem- Fre- R, d-c. re- R’ 
Strip size perature quency sistance, = L, total 
ст. deg. cent. |cycles рег sec. ohms R abhenrys 
1.26 X 0.1575 +6.8 225 0.0563 1.004 71,291 
1:0 708 0.0539 1.038 71,147 
—1.8 1188 0.0541 1.085 70,970 
+6.0 1900 0.0554 1.161 70,679 
—1.5 2980 0.0541 1.261 70,383 
—5.0 3690 0.0534 1.326 70,247 
-1,3 5169 0.0543 1.426 68,765 
2.52 X 0.158 +0.9 491 0.0260 1.065 60,482 
0.5 1022 0.0259 1.169 60,083 
0.1 2007 0.0259 1.314 59,699 
0.2 3078 0.0259 1.430 59,512 
0.0 3920 0.0259 1.506 59,402 
0.0 4980 0.0259 1.593 59,349 ј 
3.81 Х 0.159 5.0 229 0.0173 1.042 55,576 
0.4 1136 0.0171 1.283 54,766 
5.0 1730 0.0173 1.363 54,586 
1.9 2645 0.0172 1.478 54,422 
5.2 3787 0.0174 1.588 54,303 
1.8 5050 0.0172 1.697 54,241 


Three copper-strip conductors were employed in the different 
tests, each approximately 1/16 inch, (1.59 mm.) in thickness; 
namely, nominal j-inch, l-inch, and 13-inch; actually 1.26 X 
0.1575 cm., 2.52 X 0.158 cm. and 3.81 X 0.159 cm. One strip 
at a time was supported by vertical slits in wooden blocks, to 
form a straight loop, with parallel sides at the proper separat- 
ing distance. Commencing with 60-cm. spacing, it was found 
to make no appreciable difference whether the strips forming 
the loop were in the same horizontal, or in parallel vertical 
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planes. When, however, the separating distance was about 
10 cm., the relative setting of the two strips began to make a 
difference in the results, owing to proximity effects. This 
difference became very large when the separating distance was 
reduced to about one mm. 

Table VII gives the results of the observations for the above 
mentioned sizes of strip, at the separating distance of approxi- 
mately 60 cm. It will be seen that the skin-effect resistance 
ratio of the narrowest strip was only 1.0043 at 225 ~; so that 
no attempt was made to measure this ratio at 60 ~. The re- 
cords in the table are plotted in the curves of Fig. 10, at A, B 
and C respectively, Curve D, which is slightly concave up- 
wards, represents the corresponding computed ratio for infinitely 
wide copper strip, by formula 
(103). 

It is evident that at 60 ст. 
spacing, which is practically 
equivalent to infinite spac- 
ing, the calculated resistance 
ratio R’/R is very much less 
than the observed ratio, par- 
ticularly at the higher fre- 
quencies. Moreover, it might 


Fic. 10--СОРРЕК STRIPS SPACED ы 
60 см. be supposed at first thought, 


Change of resistance with frequency for that a strip nearly 4 cm. 


different width strips. wide, would approach the 


behavior of an infinitely wide strip more closely than a strip 
1.26 cm. wide; whereas the reverse was the case, in these ob- 
servations. The large deviations from theory here presented, 
at first threw some doubt on the measurements. These were, 
however, repeated, with substantially the same results, not 
only on the same bridge by different observers, and under dif- 
ferent conditions at the Massachusetts Institute of Technology, 
Boston, but also upon another loop of the same strip, with 
entirely different measuring apparatus, at Pierce Hall, in Cam- 
bridge. There is at present no reason to doubt the results in- 
dicated in Fig. 10 outside the range of the usual small errors 
of observation. The authors have not been able to discover 
any published measurements of the skin effect in linear flat 
Strips, at any spacing. 

The reason for the large discrepancies between the theory 
for infinite strips, and the observations for strips of one to four 
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cm. width, is believed to be that the alternating magnetic flux 
surrounding the active strips, being more or less cylindrical in 
distribution, cuts through the substance of the strip to a greater 
or less extent, and in so doing dissipates power by eddy currents. 
Only in the case of extremely wide strips, may the alternating 
magnetic flux be properly regarded as lying in planes parallel 
to the surfaces of the strip, so as not appreciably to intersect 
therewith. There are two experimental evidences for this be- 
lief; namely (1) the distribution of magnetic flux paths around the 
active strips, as obtained by the method of scattering iron 
filings and (2) the fact that with the parallel strips brought 
close together, the skin effect was much greater when they lay 
in one and the same plane, than when they were supported in 
parallel planes. 

Fig. 11 shows the magnetic flux distribution around a 
2.5-cm. strip, 1.6 mm. thick, when carrying 107 am- 
peres at 838 ~, the return conductor being remote. It is 
evident that a considerable amount of this flux cuts the sub- 
stance of the strip near the edges; so that it 1$ not surprising 
that the extra power loss due to eddy currents in the strip 
should markedly increase the skin-effect. 

Fig. 12 shows that when the two parallel strips forming the 
loop are placed in the same plane, edge to edge, and nearly 
touching, with 120 amperes at 858 ~, practically all the mag- 
netic flux threading through the loop has to cut some portion 
of the strip. We might, therefore, reasonably expect a rela- 
tively large excess loss of power by eddy currents in such a 
case, as observation actually showed. 

Fig. 13 shows on the other hand, that when the two parallel 
strips forming the loop are placed in parallel planes, and sep- 
arated only by a strip of paper, the alternating magnetic flux, 
with 120 amperes and 858 —, was very feeble. We should, 
therefore, expect to find comparatively little excess loss of 
power by eddy currents under such conditions, as actual ob- 
servation revealed. 

The results for the 2.5-cm. strips, at different spacings and 
relative positions, are given in Fig. 14. It will be seen that 
the smallest skin-effect ratio 1s with the shortest spacing (0.5 mm.) 
and with the strips in parallel planes as in Fig. 13. This is the 
result nearest to that given by the theory for infinitely wide 
strips. On the other hand, the largest ratio is at nearly the 
same spacing (one mm.), but with the strips lying in one and 
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MAGNETIC FIELDS SURROUNDING COPPER STRIPS 
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the same plane as іп Fig. 12. Between these extreme limits, 
lie all the other series, at least within the range of 0 to 4000 ~. 
The curve belonging to the series with 0.5-mm. spacing bends 
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upwards, whereas all the others bend downwards beyond 500 ~. 


This appears to be related to the distributions of alternating Ж 3 Im 
magnetic fields. The theoretical curve also bends upwards. n . 8 ЕЕ 
The broken line gives the ratios for а circular wire of the same Е ¿i T 

cross-section as the strip, and at large spacing. - =: : "hs 
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the greatest change of inductance with frequency is in the 
case of 3-mm. spacing in the same plane. The broken line 
gives the ratio for an equisectional circular rod at large spacing. 

It is evident from the foregoing results that in the case of 
parallel flat strips, the proximity effects are very variable, 
may be relatively large, and depend in large measure upon 
the relative disposition of the two conductors. 

It 1s open to discussion whether the proximity effect in such 
conductors is materially affected by the current strength in 


ИЙ ыз — | 
REGE RE UR ER 
FREQUENCY 
Fic. 16-СОРРЕК STRIP 3.81 Bv Fic. 17—WHOLE COPPER TUBE— 
0.159 см. OUTSIDE DIAMETER 1.266 см., 
Change of inductance with frequency for WALLS 0.159 см. 
different spacing and positions of Change of resistance with frequency for 
conductors. different spacing of conductors. 


the loops. Between the limits of about 0.1 ampere and 3.0 
amperes in the loops, at any frequency within the reported 
range, no change in the impedance ratio with current was 
observable. 


TUBULAR CONDUCTORS 


In order to measure skin effect in copper tubes, 90 feet (27.4 
m.) of hard copper tube was obtained, 4 inch in external dia- 
meter (1.26 cm.) with 1/16 inch wall (1.6 mm.) in selected 
15-foot length (4.56 m), and supported on insulators in a rec- 
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tangular loop, like the other conductors. The tubes were 
jointed by means of thin sleeves of copper, soldered over the 
ends. The loop had square ends, and was 13.1 т. long. Tests 
were made at three spacings between parallel tubes, namely, 
60 cm., 1.3 cm., 0.1 mm. The results of these tests are given 
in the accompanying Table No. VIII and Fig. 17. It will be 
observed that at 60-cm. spacing, where the proximity effect is 


TABLE VIII.—SKIN EFFECT IN A COPPER TUBE. 
1.266 CM. OUTSIDE DIAMETER 0.159 CM. WALL. 


Spacing Temperature Frequency | R, d-c. resist- — L, total 
cm. deg. cent. |сусіев per scc. | ance. ohms abhenrys 
60. 4.2 222 0.01636 1.0004 25,125 
6.0 385 0.01626 1.0015 25,143 

4.8 963 0.01634 1.0088 25,121 

5.4 1967 0.01637 1.0298 25,108 

5.9 3030 0.01647 1.0633 25,109 

5.8 3962 0.01646 1.1046 25,098 

5.2 5120 0.01635 1.167 25,053 

1.3 7.5 320 0.01580 1.013 7,583 
7.4 994 0.01580 1.067 7,461 

7.7 1987 0.01580 1.132 7,361 

7.5 3004 0.01578 1.188 7,311 

6.2 3915 0.01575 1.241 7,285 

5.5 5180 0.01572 1.327 7,090 

-0.2 4540 0.01559 1.288 7,279 

—0.1 3467 0.01559 1.216 7,303 

0.0 2482 0.01559 1.160 7,343 

0.0 1482 0.01560 1.102 7,405 

0.7 658 0.01561 1.039 7,519 

0.01 8.3 488 0.01532 1.114 3,443 
8.7 1384 0.01530 1.524 2,825 

8.8 2040 .01530 1.787 2,543 

8.6 3030 0.01530 2.104 2,258 

8.8 3930 0.01528 2.364 2,079 

8.7 5040 0.01526 2.630 1,950 


negligible, the skin-effect resistance-ratios are all relatively 
small, and much lower than those of other types of conductor 
tested in this research. With the spacing of only 0.1 mm.; 
t.e. with the tubes lashed side by side, and separated only by 
a thin strip of paper, the proximity effect was very marked, 
and was also sensitive to changes in the temperature of the 
surrounding air. | 

The theory of tubular conductors remote from disturbing 
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magnetic fields, has been given by Heaviside? and by Russell? 
It involves Bessel functions of both the first and second kinds, 
and is complicated relatively to that of solid wires. The 
formulas developed for resistance-ratio are relatively lengthy 
and are only approximations. А much simpler approximate 
resistance-ratio formula for engineering purposes, is obtained 
by considering a tube as the equivalent of a strip with no dis- 
turbance at edges; 1.е. behaving like a strip of infinite width. 
Strictly speaking, the curvature of the tubular conductor pre- 
vents the rigid application of the flat-strip theory; so that this 
theory can only be expected to apply to tubes of thin wall and 
large diameter. The formula for the resistance ratio of a flat 
strip is given in (103) of the Appendix. The full wall thick- 
ness of the tube is here regarded as corresponding to X the 
half-strip thickness.? Applying this formula to the case con- 
sidered, we obtain the broken line marked ‘ Calculated " in 
Fig. 17. It will be seen that the calculated ratios are all much 
larger than the observed ratios; although the shapes of the 
two curves considered, are similar. It was found, however, 
that if instead of taking the full wall thickness 0.16 cm. for X, 
we take two thirds of that thickness in the formula, 1.е. X = 
0.106 cm., the resistance ratio thus calculated agrees satisfac- 
torily with the observed values over the entire range of frequency 
investigated. It is not; however, apparent "why only two- 
thirds of the wall thickness should be included in the formula, 
and perhaps this fraction applies only to the particular size 
of tube employed; so that this must be regarded as an empirical 
rule for the present. 

Slotted Tube. Seeing that the resistance ratios for copper 
tubes were less than those offered by flat-strip theory; whereas 
actual narrow copper strips gave ratios 1n excess of that theory, 
it was decided to follow the behavior of the tubes as they were 
mechanically altered towards the form of flat strips. The 
first step in this mechanical transformation was to cut a single 
slot 0.02 inch wide (0.5 mm.) along the entire length on one 
side of the tube. The slotted tubes were then rejointed and 
supported in a long rectangular loop of the same length as before 
(13.1 m.), and the tests repeated for two spacings; namely, 60 
cm. and 0.1 mm. Іп the latter case, two tests were made, one 

8. Bibliography No. 2. 

9. Bibliography No. 51. 

10. Pender, Bibliography No. 101. 
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with the slots turned in, and the other with the slots out; т.е. 
with the slots at their minimum and maximum permissible 
distances apart, respectively. It was found that, at 60 cm., 
there was no perceptible change from the previous test at that 
spacing. That is, the skin-effect impedance-ratio of the tube, 
remote from disturbing a-c. magnetic fields, was as nearly аз 
could be determined the same, whether the tube was complete, 
or had a thin slot cut in it longitudinally. At the 0.1-mm. 
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spacing, however, the resistance ratio appeared to be distinctly T с 2 

less than in (һе unslotted condition; but seeing that the loop i - 5. di 
ай ! had to be taken down, re- BTE 12 
Н------ шие" assembled and reerected Ъе- 1: Ч AE IL 
ТЕТТЕ I twee the two tests with E iu B 31 33%; 

с иша шш perhaps somewhat different $ ; ай РП? 
НЕЕ ) mechanical pressures оп the $ B, : Б T $ 
TPR separating paper strip, in the [ME - 15 ы Р bse 
wea | T two cases, it is considered - b A" “4 
Eee unsafe to rely upon the de- : Hi MER 
CEI ABT. duction that slotting a tube т ЕРЕК ur 

4—— A 7 reduces its proximity effect, а. ni E 
НН as 15 apparently indicated in Ў г Y D d . 

| VIA Fig. 18. There was no ap- T n ы ұм 
ее preciable difference between 24: % ЕСІН 
the results in the two tests р | ‘Sa; % 


Fic. 18—SLorTED and Har Cor- at 0.1 mm.. with the slots 
PER TUBES—OUTSIDE DIAMETER | 
1.266 cM., WALLS 0.159 см., SLOT turned inwards and outwards 
0.0508 см. respectively. 
Change of resistance with frequency for Half Tubes. The loop of 
different spacing and positions of conductors. slotted tube was again disas- 
sembled, and the conductor split into two half tubes, by cutting ‚| -iF Ыы. | . 
а new horizontal slot оп the opposite side to the first. Тһе half- : Lc: Н arp PIERII 
tubes were then jointed together to form a rectangular loop 13.1 m. 4 ч | | 
long. This half-tube conductor loop was then tested at three 
Spacings; namely, 57.3 cm., 1.3 cm. and 0.2 mm. The results 
of these tests are indicated in Fig. 18. It will be observed that 
at 57.3 cm., with negligible proximity effect, the resistance 
ratios are markedly higher than with whole tubes. At 1.3 
cm., with the half tubes placed as though lying inverted, side 
by side, on a table, the resistance ratios were distinctly, al- 
though not greatly, increased by proximity effect. At the 
0.2 mm. spacing, two tests were made, t.e. one with the half- 
tubes placed opposite each other, as though to form the original 
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tube, and the other as in the test at 1.3-cm. spacing. The 
former condition had a lower proximity effect than the latter, 
at least as far as 5000 ~, as indicated in Fig. 18. 

Summing up, therefore, the results with tubes and half tubes, 
it may be stated that the skin-effect of tubes is much less than 
that of other forms of equisectional conductor. When the 
tube is cut into longitudinal halves, and one of the halves is 
removed, the skin-effect of the remaining half tube is con- 
siderably increased, and approaches, but is always less than, 
that of an equisectional flat strip. 

In conclusion, we desire to express our acknowledgments to 
Prof. Harold Pender for his valuable contribution to the earlier 
stages of this research, both in design and in direction; also to 
Prof. D. C. Jackson for valuable suggestions during the progress 
of the work, also to the thesis work of Messrs. F. H. Achard, 
and Н. Е. Randall in 1912-1913, on the preliminary work. We 
are also indebted to Dr. 5. В. Jewett for help in procuring special 
apparatus, and to Dr. E. B. Rosa of the Bureau of Standards, 
for the courteous loan of inductance standards. 


CONCLUSIONS 


1. The skin effect impedance-ratio of solid round wires of 
copper and aluminum, have been found to be in close accordance 
with the Bessel-function Heaviside-Kelvin theory, up to the 
highest frequency used in the tests (5000 ~). 

2. At frequencies below 100 ~, the proximity effect is rela- 
tively small. That is, the close proximity of the going and re- 
turning parallel conductors does not greatly increase the skin 
effect. At higher frequencies, however, the proximity effect 
becomes very marked. All the forms of conductors tested 
developed marked proximity effects, near the higher frequencies, 
when brought close together. The proximity effect was usually 
imperceptible at separating distances above say 20 cm. 

3. Stranded copper or aluminum conductors, without twists, 
appear to have the same skin-effect impedance-ratio as their 
equisectional solid conductors. Twisting and spiraling the 
strands, introduces a change in the ratio, called the spirality 
effect. Іп the very few cases of stranded conductors, thus far 
tested, the spirality effect added slightly to the skin effect. 

4. Flat copper strips possess a much larger skin-effect resist- 
ance-ratio than corresponds to the theory for indefinitely wide 
strips. The discrepancy has shown itself to be due to the eddy- 
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current losses from the alternating magnetic flux linked with the 
strips, and intersecting them, especially near their edges. The 
proximity effect in strips is large near the higher frequencies, 
and is considerably affected by the relative positions of the going 
and returning strip-conductors. 

5. Copper tubes have less skin effect than equisectional con- 
ductors of any other form tried. In the single size tested, the 
skin effect was that corresponding to indefinitely wide strip of 
thickness 33 per cent greater than that of the tube wall. 

6. Half tubes, prepared by slitting a copper tube, have much 
more skin effect than the whole tube from which they are made. 
They have however less skin effect than flat strips of the same 
thickness and cross-section. 

7. To reduce skin-effect in a pair of straight parallel single- 
phase conductors at frequencies up to 5000 ~, the tests have 
corroborated the existing belief that the conductors should be 
tubular, or hollow cylinders, separated by more than 20 cm. 
On the other hand, to obtain the maximum current-distortion 
effect, solid rods of large diameter should be used, in close mutual 


proximity. Copper strips while showing, in most cases, less | 


skin effect than equisectional solid rods, have much more skin 
effect than is generally supposed. 


APPENDIX I 


THEORY OF CONDITIONS FOR BALANCE ON THE HEAVISIDE 
BRIDGE 


With the arrangement shown in Figs. 1 and 2, a shifting of the 
balance point, d, to the left, transfers resistance from the arm 
X tothe arm P. At the same time, a certain amount of induct- 
ance in the slide wire, and in the mutual induction between the 
slide-wire and the detector circuit is also transferred. 

To obtain R and L, the resistance and the inductance of the 
loop under test: 

let у = the resistance per centimeter of the slide wire (ohms 

per cm.) 
twice the inductance change per centimeter of the slide 

wire, due to the change in position of the slider 

(henrys per cm.) 

k = twice the resistance per unit length of the slide wire 

(ohms рег ст.) _ 
the inductance of the arm P, excluding the slide wir 

(henrys.) 


m 


L,' 
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the inductance of the arm X, excluding the slide wire 
and the inductance Ly (henrvs.) 

inductance of the experimental line to be determined. 
(henrys). 

resistance of the experimental line, to be determined 
(ohms). 

mutual inductance necessary to balance bridge, when 
the line is short-circuited (henrys). 

mutual inductance necessary to balance bridge when 
the line is in circuit (henrys). 

twice the mutual inductance per turn of the second- 
ary winding (henrys per turn). 

change in the number of turns on the secondary of the 
mutual inductance, which is necessary to restore 
balance when the short circuit is removed. 


= resistance of the arm P, excluding the slide wire (ohms) 
= resistance of the arm X excluding the slide wire and 


the resistance Rx (ohms). 
reading of slide wire when the line is short-circuited 
(cm.). : 
reading of slide wire when the line 1$ in circuit (cm.), 
total length of slide wire (cm.) 


Ву (7) from the first balancing 


К, + тг = Rx’ + (01-1) ohms (9) 


from the second balancing 


R,’ + li r = Ку + (l 22 l) 7 + Rx ohms (10) 
Оо “ (11) 
Rx = k (hL — lo) i (12) 


By (8), from the first balancing 


Lp’ + 22 = Lx + 5 (1-1) + 2mo henrys (13) 


from the second balancing 


Lou на. = Lx' + 5 (1-1) + т + Ех henrys (14) 
Lx = 2(my — mi) + u (h — ly) ы (16) 
and Ly = K(m, — m) + u (ly — lg) « (16) 


The working formulas are therefore (12) and (16). 
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APPENDIX II 


THEORY OF SKIN EFFECT IN SOLID CYLINDRICAL UNIFORM 
| CONDUCTORS WITH REMOTE RETURN 


This theory was originally developed by Clerk Maxwell in 
1873, and has, under certain variations of detail, been given by a 
number of writers since that date, as an examination of the 
references mentioned in the Bibliography will reveal. The es- 
sential steps of the reasoning are, however, repeated here; because 
the final solutions offered are believed to have certain advantages 
for engineering computations. 

In Fig. 19, let A B C be the cross-section of a uniform straight 
cylindrical conductor of radius X cm. with axis at 0, and sur- 
rounded by air, oil, or other non-magnetic dielectric. Let the 


í 
Fig. 19 Fic. 20 


wire be supposed to carry a sinusoidal alternating current 1,, 
r.m.s. absamperes!!, and to be so far remote from the parallel 
"return conductor, that the magnetic field from the latter is 
insignificant at the region occupied by A BC. Then the external 
alternating magnetic field of this conductor A В С will be just 
the same in magnitude and phase as the alternating current 7, 
would produce if there were no skin effect. That is, the skin 
effect is confined within the radius X. It affects the magnitudes 
and phases of the electric and magnetic fluxes within the conduc- 
tor; but we may assume that (1), by symmetry, these fluxes are 
Symmetrically distributed with respect to the axis O; so that if 
either the magnetic flux-density, ог the current density, has a given 
instantaneous value at some radius x; then the same value will 
be developed, at that instant, at all points whose radius is x; (2) 


ll. The prefix ab- or abs- indicates a C.G.S. magnetic unit. 
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that there is at no time during the steady state, a radial compon- 
ent of electric or magnetic flux, that is, all fluxes are either parallel 
to the axis, or in cylindrical lines around the axis. By the 
“ steady state " is meant the alternating-current state which is 
finally reached after the application of impressed alternating 
voltage in the circuit. 


Let ix 


the instantaneous current density at radius x (absam- 
peres per sq. cm.). 
Kx = the magnetic intensity at radius x (gilberts per cm.) 
(8, = magnetic flux density at radius x (gausses). 
'y = the conductivity of the material in the conductor 
(abmhos per cm.). 


р = 1/y the resistivity (absohm-cm). 
_ T gausses 
и = the permeability CE таи его ) 


f = the frequency of the impressed alternating current 
(cycles per second). 

w = 2т/, the angular velocity (radians per second). 

7x = 7) mx — €" the electric alternating intensity externally 


impressed on the conductor (cx) 
j=v-1 2 
є = 2.71828 . . . the Napierian base. 


Then, if we integrate the magnetic intensity JC. around the 
circle of radius x, we obtain 27x Ж, gilberts, and this must be 


equal to 47 times the total vector current strength within this 


circle; that is 


21х5с, = 4T f 27. is. dx absamperes Z (17) 
d (x. Xx | | 

or LO = 47 х.1, B ч (18) 
Q0 1 fH: ‚ак, absamperes 

ub dog po ва. сп. 449) 


If we take one cm. length of the conductor, as indicated in 
Fig. 20, and suppose that, at radius x, the current density directed 
from 0 to 0’ is rising at the instant considered; then magnetic 
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flux will be entering the rectangle a b с d towards the observer 
at the rate u- x d- к 


maxwells per second, and generating a 


momentary e.m.f. of this numerical value around this rectangle, 
in the direction of the arrows. In order that there shall be no 
radial component of current flow in this rectangle, the total e.m.f. 
around this rectangle must be zero. The electric intensity nz, 
or the e.m.f. in the centimeter ab will be pi, abvolts, directed 
with the current, or from a to b. Similarly, the electric 


intensity in dc willbe p (i. + 2. . dx), directed from с to 4. 


The total e.m.f. in the rectangle is then by Ohm’s law, 


pede “Жа. Se к-р - 0 abyolte 2180) 
dig _ dH, abvolts 
pr PUE CEN adala, ^ 49 


Differentiating (19) with respect to time, we obtain 


dis 1 (dX, , 1 dK, absamperes 
di 4m (423 T3 d ) Sq. cm. oU an) 


Sukstituting (21) 


di, p ( ач, + T ат.) absamperes д (23) 


dt ATu d dx Sq. cm. sec. 
Or 
ач, I du 4Tu di, di, 
Ee АГАР ттары Се 
absamperes 
г Z (24) 


But i, is varying sinusoidally, at any radius; so that 


23.24 absamperes 
^ ct po MEC. 
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and 
d4, 1 di А Ж е 
4х? i dx + (-Ј4туро) в = 0 cm.‘ 2 (36) 
If we denote (- 3 4 т y uo) by а L, Z (27) 
then 
d? 1, 1 di, Е absamperes 
dx? + ха ео cm. £ (28) 


This is a well known typical form of second-order Bessel 
differential equation, whose solution may conveniently be 
expressed in Bessel functions 
| шшс 


1, = А.Л (aox) + В.К, (ах) Z (29) 


where Jo (оох) 15 a zero-order Bessel function of x of the first 
kind, and Ко (оох) is a zero-order Bessel function of x of the 
second kind, while A and B are arbitrary constants. 

Similarly, differentiating (19) with respect to x, we have 


di, _ 1 тах. K: d? 3€, \ absamperes | 
dx 4т (5 ах x? T dx? ) cm.3 2 (30) 

and substituting from (21) 

ах. $1 (14%, X, 33 ет, (зу, 
dt 4түш (> ах x? dx? cm. sec. 


and remembering that 3C, is a sinusoidal quantity of angular 
velocity о), 


1 ж, 1 аж, ФУ, 
а= 4 п yu (- x? т x dx T =) 
gilberts Z (32) 
cm.sec. 
or 
Ј? уҡ, 1 cR . L) - 
d „елке .( JAT үне--3 = 0 
gilberts 
cm.? ЕЛУ) 
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A typical Bessel differential equation of the second order, 
whose solution is 


gilberts 


К. = А’. Л, (ах) + B'- Ky (оох) = 


Z (35) 


where „Л, (оох) is a first-order Bessel's function of x, of the first 
kind, and К, (оох) is a first-order Bessel's function of x, of the 
second kind. It can be shown that in order to comply with the 
physical conditions of the problems, both B and B’ must vanish; 
so that we obtain 


id o cee ane д (36) 
В tae -ӘШейе , (87) 


where A and А” are constants determined by the particular 
conditions of each case, and оо is the ‘‘ semi-imaginary " quan- 
tity а, — jQ 


ао = V/2m "yu o —j У2түно = VAmTYyuco \45° cm! Z (38) 


i. е., а complex quantity, whose real and imaginary components 
are equal. The current density 1, at radius x, is therefore a 
. constant A times the zero-Bessel function of the semi-imaginary 
Qox , and 3X€,, the magnetic intensity at radius x, is a constant 
A’ times the first-Bessel function of the same semi-imaginary. 
Similarly, the electric intensity at radius x is 


abvolts 2 (39) 
cm. 


nz = А р. Jo (оох) 
and the magnetic flux-density at radius x is 
В, = A'u - Ј, (мох) gausses Z (40) 


If we take x = X, the radius of the conductor, we obtain from (36) 


1. = А. Jo (оох) 
and dividing (36) by (41) 


absamperes д (41) 
Sqg.cm. ~. 


s. ка 4 = Jo (atox) 
Tis 4. J (aX) 


numeric Z (42) 
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Similarly 


B, 50, = Ji (aax) 
B, JC; Ji(aoX) , 


numeric Z (43) 


For the benefit of those who are not familiar with Bessel's func- 
tions, a few definitions may here be given. For any real quan- 


tity z, 
(5) 2 M g \6 
2) (2) 6) | 
То (2) = 1 -~rr + 9191 ^ 8121 +.....numeric (44) 
and | 
aj (2 4 3i 
2 1 2 2 2 : 
J; (2) = 9 | ii ^ ther + C3! 7314 + is пата 
Similarly 
S #/ 2n 
LET. Ny ( — 1) (=) | 
Ур (2) = SG) рен numeric (46) 
н =0 


If 2 is а complex quantity of the type 2/6, 2 being the modulus, 
and 6 the argument, 


Then 

ВЕЕСЕЙӘШ 
reos | i : 
о (2/0) = 1 ии 21977 318! 

numeric 7 (47) 

and 

2 1 ()/2% 
Ji @/6) = 506 |н рә 

Gyon (Du 

2 {== тй 
ES TET 3141 + .... numeric Z (48) 
Similarly 


"то р ( — 1)” PY" /2n8 
J, (в /8) = Sus Са) em 


n =0 


| numeric Z 


(49) 
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It is evident therefore that a Bessel’s function of any complex 
quantity is an infinite ascending series of powers of that quantity, 
the coefficients being formed on a definite schedule, depending 
on the order of the function. 

Turning now to (43), we know that if the total maximum cyclic 
vector current strength carried by the conductor is 7, absam- 
peres, the maximum cyclic magnetic intensity 3C, at the surface is 


2 Im gilberts 
X cm. 


Hxm = Z (60) 


in phase with the current Im. If, however, we prefer to consider 
not the maximum cyclic, but the root-mean-square value of the 
total vector current 


I, = I, / V2 r.m.s. absamperes Z (61) 
Then the corresponding r.m.s. value of the magnetic intensity at 
the surface is 


2:1: gilberts 
X cm. 


` 4 (02) 


and the r.m.s. flux-density at the surface, to current phase as 
standard, 
2yul, 


By: = mam gausses Z (D3) 


Consequently, the r.m.s. value of the magnetic intensity 
Ж, at radius x ст, is by (43) 


н. = 2ЁЛ (оох) ` r.m.s. gilberts 
Э ст. 


to current standard phase. Thus, if a copper rod 1 cm. in dia- 


meter (X = 0.5) has a resistivity of 1724 absohm-cm. (Y 


= 1/(1724) = 0.580 X 10-3), a permeability и = 1, and is tra- 
versed by a r.m.s. sinusoidal current of 20 amperes, (J, = 2 
absamperes) at a frequency of 786 cycles per second, (w = 
4938 radians/sec.) Then | 


оо = V —j12.57 X 0.58 X 10°*X4.938 X 10° 
\12.57 X 0.58 х 4.938 \90° 
У 36.0 \90° = 6.0 1457 сті; 
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so that 
оо X = 3.0 \45° = 2.121 — 7-2.121 numeric Z (65) 


Ту appended Table IX of J, (2 \45°), we find J, (3.0 \45° 
= 18 /15.°714 
Consequently, 


қ ыы 2 x 2 x Ji (ax). E | а f 
Re = 05 XIE Бета = 4444 МВА. Л (ах) 


r.m.s. gilberts 


Z (66) 


At the axis of the wire or x = 0, J; (0 \45°) = 0 \45° 
and | 


= r.m.s. gilberts 


Hor = 0.0 \60°.71 -— 4 (57) 


or, the intensity is vanishingly small, lagging 60°.7 behind the 
total vector current; and also 60°.7 behind the intensity at the 
surface of the wire. At x = 0.25 cm., or half way down to the 
axis, бух = 1.5 \ 45°, and 


Her = 4.444 [15.714 . J, (1.5 5252) 
= 4.444 \15°.714 X 0.7599 \28°.952 
= 3.577 \44°.666 r.m.s. gilberts/cm.Z (58) 


1. e., 0.447 of the full surface value. At the surface, X = 0.5 and 
Her = 8/0? r.m.s.gilberts рег ст. | 

Next considering (42), we are usually unable to apply this 
formula directly; because we do not know the value of the elcc- 
tric intensity у; at the surface, ог the current density 1, which it 
produces. It becomes necessary, therefore, to find the average 
current density, taking skin effect into account. It is evident 
that the total vector r.m.s. current strength J, (absamperes) 
in the wire, if 2,, 15 the r.m.s. current density at radius x, will be 


x x 
=| 2тх + dx: dX -2r ( Х:1:,“ 4, 
0 


0 
r.m.s. absamperes Z (59) 
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and dividing this by т.Х?, the area of cross-section of the wire, we 


obtain the average vector r.m.s. current density 7, in the pres- 
ence of skin effect; namely 


ЗЕ ee ; r.m.s.absampere 
ЫШ? Во IE we Up зы... 


0 


Substituting for izr, the value from (42) in terms of 7x, we have 


x 
2 ter 
tg = xX De Pc ДЕ (оох) -dx 


0 
r.m.s.absamperes 4 (61) 


sq. cm. 


It will be found that the integral of тх/б times the zero-Bessel 
function of a complex quantity mx/6, with modulus mx and 
argument б, is 

numeric Z (62) 


IE Jo (mx /0) -dx = x Jı (mx /6) 


Applying this integral, we obtain 
2 Ж, 1 
Lilo ео? DET ee 


2 Lae 1 | * 
УЕ ыра але е aa e шй, 


2.2 y, J (aX) r.m.s.absamperes 
aX л, Ло (%Х) sq. ст. ^ (63) 


whence 


du _ а«Х | Jo (оох) 
ых (ao X) 


ое numeric Z (64) 
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Thus at the axis, where x = 0, оох = 0 \45°, and Jo (ох) 
= 1.0 /0°, 
10: СХ 1 


io = 72 2 “Л(о,Х). numeric Z (66) 


In the case above considered with ао X = 3.0 \45°, 


tor 1.5 \45° 


io 18 /15°.714 = 0.8333 \60 714 numeric Z (66) 


or the axis r.m.s. current density is 83.33% of the average current 

density, as deduced from the actual r.m.s. current and the cross- 

section. At the surface, Jo (а0Х) = Jo (3.0 M5?) = 1.9502 

/96°.518; so that 

28 = 0.8333 \60°.714 х 1.9502 /96.°518 = 1.625 X 3598.04 
lar ~ numeric Z (67) 


or the surface density is 62.5% greater than the average density. 

If we consider that the surface r.m.s. current density is equal 
to that which the same numerical continuous electric intensity 
would produce in the linear d-c. resistance R, whereas the average 
r.m.s. density is that which the r.m.s. a-c. electric intensity 
actually produces in the presence of the linear internal impedance 
Z = К’ + jX'; it follows that 


Z 1X, aX Jo (ao X) 


ee bome —4 ————á—— 
p — . 


R A 2 7, (o XO) numeric Z (68) 


Z x | А 
Here Rp 1! the “ skin-effect impedance ratio." The real 


. DEP cdd : А ET 
component of this ratio is "UR the ‘‘skin-effect resistance ratio’; 
Au 


while the reactive component of this ratio is 7 А, the “ skin-ef- 


fect reactance ratio.” 
Thus, in the case considered, by (67) 


-Z =1.625 /35°.804 = 1.318 +j0.9507 numeric Z (69) 
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so that the skin-effect impedance ratio of the wire at this fre- 
quency is 1.625, its skin-effect resistance ratio 1.318, and its 
skin-effect reactance ratio 0.9507. Тһе apparent a-c. resistance 
of the wire is therefore 31.8 per cent greater than the 4-с. 
resistance. 

If, therefore, we denote the skin-effect impedance ratio as 
obtained in (68) by the complex quantity М/В®, where 
М = |Z/R|, and B° = Z/R, 


<- = М /В° питегіс / (70) 
then 

R’ 

R = M cos B numeric (T1) 
and 

E d L’w Р А ‚ 

и = В М sin В numeric (72) 


But the internal linear inductance L of around wire, in the ab- 
sence of skin effect, is 


abhenrys 


— и 
Г = 2 wire cm. (73) 
â 
So that 
2 
гы -#2 - Hert y numeric (74) 


„ет Mu. лег numeric (75) 


L' 8 M sin B ; 

Г = "Та ХЕ” numeric (76) 
where |оХ| denotes the modulus, or length factor, of the plane 
vector œX. In the case above considered, |оХ| = 3, and 


L’ _ 8X 0.9507 
L 9 


М sin B=09.507; so that = 0.8456 
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The apparent linear internal inductance of the wire in the pres- 
ence of skin-effect, is 84.56 per cent of that for zero frequency. 
The radial skin thickness 6 cm., which is equivalent, at full 


ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 


Jo (ao x) = То (x V4x rne \45°) = Jo (245%) = Po / 6? 


` 


conductivity, to the actual wire at the average conductivity of 
skin effect, is given by 


вх (1-М1-Е) ст. (76 a) 
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In the case above considered 6 = 0.2544 cm. 
Table IX gives the values of both Jo (Z \45°) and Л, (Z \45°), 
for the range 2 = 0 to z = 10, by steps of 0.1; while Figs. 21 to 


24 give curves corresponding to the entries in the table, whereby 


‚ PLOT OF ARGUMENT 6? 
UP TO |Z] - 6.0 


Fic. 22— INTERPOLATION CHART FOR BESSEL FUNCTIONS OF THE ZERO 
ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 


Jo (вах) = Jo (x V 4 ттн \45°) = Jo (2 \45°) = 9/62 


interpolation may be made, by direct inspection, for most en- 
gineering purposes. The curves in Fig. 21 give the modulus of 
J o (z \45°), in Fig. 22 the amplitude of the same function, in 
‚ Fig. 23 the modulus of J 1 (2 \45°), and in Fig. 24 the amplitude 
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of the same function. Table IX has been worked out from already- 
existing tables of ber-bei ber’-bei’ functions, using (77) and (78). 
The polar form of the Bessel functions obtained from Table IX 
gives them distinct arithmetical advantages. 
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ORDER OF THE SEMI-IMAGINARY QUANTITY Z\45° 
Jı (ох) = Лх\/ 4 тіне M45?) = Jy (4459) = P, /0,° 


Аа PA 


Table X gives the value of |ao| = У4 т у u о, the modulus 
of the propagation constant, for the case of round copper wires, 
of international standard conductivity at 20°C., for various values 
of impressed frequency up to 5000 ~. Ву its use, in conjunction 
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duced by Lord Kelvin in his classical discussion of skin effect!?. 
The ber function is the real component and bei the imaginary 
component of Jo (2 \45°). Analogous relations connect the 
ber’ and bei’ functions with the corresponding real and imaginary 
components of J; (25459). Thus, as is shown in Jahnke and 
Emde's “ Funktionentafeln "5 in the discussion of this subject, 


Ло (2 M5?) = ber z + j bei 2 numeric Z (77). 
and 
J1 (z M5?) d = ber'z + j bei^z numeric Z (78) 


From which it 1$ shown that 


AR _ QX " ber (ao X) · bei’ (œX) — bei (aX) - ber'(aoX) 
R 2 Бег”? (аҺХ) + bei? (aX) 
numeric (79) 
and 
2" __ 4 Бег (aX). ber’ (aoX) + bei (aX) : bei' (X) 
L QX ber”? (аҺХ) + bei”? (aX) 
numeric (#0) 


These formulas have the advantage that they give the solutions 
for R'/R and L'/L directly, after о” Х is known, from reference 
to Tables of ber x, beix, and ber ‘x and bei’x. They have, however, 
the disadvantage of being longer, and of calling for more numerical 
work in computation than the corresponding formulas above 
presented (68), (71) and (76). Thus, in the case already con- 
sidered, we find from ber-bei Tables, ber 3 M5? = - 0.2214, 
bei 3 M5? = 1.9376; ber’ 3 M5? = — 1.5698, bei’ 3 M5? = 0.8805. 


Непсс by (79) 


R' _ 3 „ -02214X0.8805—1.376X(—1.5608) _ | aig 
R 2 (— 1.5698)? + (0.8805)? | 


апа Ьу (80), 


Et 
L ° 


—0.2214 X ( —1.5698) + 1.9376 x 0.8805 


(— 1.5698)? + (0.9805)? — 0.8456 


4 
=зх 


12. Bibliography No. 9. 
13. Bibliography No. 61. 
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d [ L 
- - ' 
zi n 
TABLE IX—BESSEL FUNCTIONS OF THE ZERO AND FIRST ORDERS 29! r, 
, T: HE А 
of the semi-imaginary quantity (z \45°) expressed in polar form Р /0 for expression [ 4 t 
Jo (2 \45°) = py /6 and Ji (2 459) = р,/бі. | £ Si pi AE | 
41% 1113 
— ы ; ч: 1177 
Jo (2 \450) Ji (2 5459) Jo (:\45°) Ji (2 M5?) Зз Ці 
» м ers 
— — — —- % 
2 : -* 
3 › < „ ] 
2 Po / 8o Po ШТ 2 ро / 8o P1 JO, 4 " Б | (7% 
CS PODES 2 у» n [4 
0.1 | 1.0000 | 0.15 | 0.0500 | —44.931| 5.1 | 6.6203|-183.002| 6.1793| 97.533 B 4: к 
0.2 | 1.0001 0.567| 0.1000 | —44.714| 5.2 | 7.0339] 187.071| 6.5745| 101.518 m 9% 
0.3 | 1.0002 1.283| 0.1500 | —44.350| 5.3 | 7.4752| 191.140] 6.9960} 105.504 ІЗ 3 $ 
0.4 |1. 2.283] 0.2000 | —43.854| 5.4 | 7.9455| 195.209| 7.4456] 109.492 PEt РЕ 
0.5 | 1.0010 3.617| 0.2500 | —43.213| 5.5 | 8.4473] 199.279] 7.9253] 113.482 EIE i | i 
0.6 | 1.0020 | 5.150] 0.3001 | —42.422| 5.6 | 8.0821| 203.348| 8.4370] 117.473 2а ГР 
0.7 | 1.0037 7.000| 0.3502 | —41.489| 5.7 | 9.5524| 207.417| 8.9830] 121.465 - E > 4 
0.8 | 1.0063 | 9.150] 0.4010 | —40.358| 5.8 | 10.1 211.487| 9.5657| 125.459 2-42: РІЙ. 
0.9 | 1.0102 | 11.550] 0.4508 | —39.207| 5.9 | 10.809. | 215.556] 10.187 | 129.454 431 ир” 
1.0 | 1.0155 | 14.217| 0.5014 | -37.837| 6.0 | 11.5017 | 219.625| 10.850 | 133.452 ine: $ - а 
1.1 | 1.0226 | 17.167| 0.5508 | —36.343| 6.1 | 12.239 | 223.694] 11.558 | 137.450 Саз be. ОВР 
1.2 | 1.0319 | 20.333] 0.6032 | —34.706] 6.2 | 13.027 | 227.762] 12.313 | 141.452 > Sim БТ $. LT 
1.3 | 1.0436 | 23.750| 0.6549 | —32.928| 6.3 | 13.865 | 231.830] 13.119 | 145.454 ТЕ к ИГ? 
1.4 | 1.0584 | 27.367| 0.7070 | —31.011| 6.4 | 14.761 | 235.897| 13.978 | 149.458 ТЕ ^ adte 
1.5 | 1.0768 | 31.183| 0.7599 | -28.952| 6.5 | 15.717 | 239.964] 14.896 | 153.462 LIT. if Au 2 
NH. 711- 1327 CT RN 
1.6 | 1.0983 | 35:167| 0.8136 | -26.765| 6.6 | 16.737 | 244.031] 15.876 | 157.469 m d “1 A 
1.7 | 1.1243 | 39.300] 0.8683 | —24.451| 6.7 | 17.825 | 248.098] 16.921 | 161.477 СНЕ || 
1.8 | 1.1545 | 43.550| 0.9233 | —22.000] 6.8 | 18.986 | 252.164] 18.038 | 165.486 SS ЈЕЛЕ 
1.9 | 1.1890 | 47.883] 0.9819 | —19.428| 6.9 | 20.225 | 256.228] 19.228 | 169.498 144 НЗ 
2.0 | 1.2286 | 52.28:| 1.0411 | —16.732| 7.0 | 21.548 | 260.294| 20.500 | 173.510 ЗЕЙ; 4% к 
2.1 | 1.2743 | 56.75C] 1.1022 | —13.92:| 7.1.| 22.959 | 264.358] 21.858 | 177.523 УТЕ { FRR 
2.2 | 1.3250 | 61.237] 1.1659 | —11.000| 7.2 | 24.465 | 268 422] 23.308 | 181.536 | РЕ EF 
2.3 | 1.3810 | 65.717| 1.2325 | - 7.970| 7.3 | 26.074 | 272 436] 24.856 | 185.554 t ilb... | 
2.4 |1. 70.183| 1.3019 | — 4.838| 7.4 | 27.790 | 276.540| 26.509 | 189.571 и" 
2.5 | 1.5111 | 74.656] 1.3740 | — 1.613] 7-5 | 29.622 | 280.612] 28.274 | 193.589 3. in I$ 5 
2.6 | 1.5830 | 79.114| 1.4505 | ^ 1.701| 7-6. | 31.578 | 284.674] 30.158 | 197.608 BIN:!. 
2.7 | 1.6665 | 83.499] 1.5300 5.099| 7.7 | 33.667 | 288.736| 32.172 | 201.627 ГІТ; 
2.8 | 1.7541 | 87.87: | 1.6148 8.570| 7.8 | 35.896 | 292 795| 34.321 | 205.646 (OREL BS 
2.9 | 1.8486 | 92.215| 1.7045 | 12.111| 7-9 | 38.276 | 296.859| 36,617 | 209.670 $ НУ 
3.0 | 1.9502 | 96.518] 1.7998 | 15.714| 8.0 | 40.817 | 300.920] 39.070 | 213.692 “РГ 3 
3.1 | 2.0592 | 100.789] 1.9012 | 19.372] 8.1 | 43.532 | 304.981| 41.691 | 217.716 ints ye 
3.2 | 2.1761 | 105.032] 2.0088 | 23.081| 8.2 | 46.429 | 309.042] 44.487 | 221.739 Peo Te 
3.3 | 2.3000 | 109.252] 2.1236 | 26.833] 8.3 | 49.524 | 313.102] 47.476 | 225.764 4 
3.4 | 2.4342 | 113.433] 2 2459 | 30.622] 8.4 | 52.829 | 317.162] 50.670 | 229.790 >, 
3.5 | 2.5759 | 117.605] 2.3766 | 34.445|8-5.| 56.359 | 321.222] 54.081 | 233.815 SE PEL 
3.6 | 2.7285 | 121.760| 2.5155 | 38.295] 8.6 | 60.129 | 325.282| 57.725 | 237.842 dT 
3.7 | 2.8895 | 125.875| 2.6640 | 42.171] 8.7 | 64.155 | 329.341] 61.618 | 241.868 $> 
3.8 | 3.0613 | 129.943| 2.8226 | 46.067| 8.8 | 68.455 | 333.400| 65.779 | 245.896 Кеть 
3.9 | 3.2443 | 134.096] 2.9920 | 49.978] 8.9 | 73.049 | 337.459] 70.222 | 249.925 ‚' 
4.0 | 3.4391 | 138.191] 3.1729 | 53.905] 9.0 | 77.957 | 341.516] 74.971 | 253.953 & fols 
| 
4.1 | 3.6463 | 142.279] 3.3662 | 57.840| 9.1 | 83.199 | 345.577] 80.048 | 257.981 < 
4.2 | 3.8671 | 146.361] 3.5722 | 61.789] 9.2 | 88.796 | 349.566] 85.466 | 262.011 + 
1.3 | 4.1015 | 150.444] 3.7924 65.743] 9.3 | 94.781 | 353.693] 91.259 | 266.041 в +. 
4.4 | 4.3518 | 154.513] 4.0274 | 69.706] 9.4 [101.128 | 357.751| 97.449 | 270.071 
3.5 | 4.6179 | 158.586] 4.2783 | 73.672] 9.5 [108.003 | 361.811|104.063 | 274.102 | 
> =; 
3.6 | 4.9012 | 162.657] 4.5460 | 77.638] 9.6 [115.291 | 365.868|111.131 | 278.133 к^ 
4.7 | 5.2015 | 166.726| 4 8317 | 81.615] 97 [123.110 | 369.958]118 683 | 282.164 Кк? 
3.8 | 5.5244 | 170.795] 5.1390 | 85.590] 9.8 [131.429 | 373.983|126.752 | 286.197 - 9, 
3.9 | 5.8696 | 174.865] 5.4619 | 89.571] 9.9 |140.300 | 378.002|135.374 | 290.229 а . 
5.0 | 6.2312 | 178.933] 5.8118 | 93.549|10.0 [149.831 | 382.099|144.586 | 294.266 6: 


Examples Jo (3.1 145°) = 2.0592 /100°.789; Ji (8.1 (459) = 41.691 /217°.716 
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Rosa and Grover" have worked out tables of R'/R and L'/L in 
accordance with formulas (79) and (80), for various values of 
loo X |, up to 100. 


TABLE X—PROPAGATION CONSTANT OF THE MODULUS |а| =У4 тунш 
‚ FOR COPPER OF STANDARD CONDUCTIVITY, AT 20°С. 


(р = 1724. absohm-cm., и = 1.0) for various frequencies ~. 


lal f lal f |а| f lal 

5| 0.4785 320 3.828 820 6.128 2600 10.91 
10| 0.6767 340 3.946 840 6.202 2700 11.12 
15| 0.8288 360 4.060 860 6.275 2800 11.32 
20| 0.9570 380 4.172 880 6.348 2900 11.52 
25| 1.070 400 4.280 900 6.420 3000 11.72 
30| 1.172 420 4.386 920 6.491 3100 11.92 
35| 1.266 440 4.488 940 6.560 3200 12.11 
40| 1.354 460 4.590 960 6.630 3300 12.29 
45| 1.430 480 4.688 980 6.699 3400 12.48 
50| 1.513 500 4.785 1000 6.767 3500 12.66 
60) 1.658 520 4.880 1100 7.097 3600 12.84 
70] 1.791 540 4.973 1200 7.413 3700 13.02 
80] 1.914 560 5.064 1300 7.716 3800 13.19 
90] 2.030 580 5.154 1400 8.007 3900 13.37 
100] 2.140 600 5.242 1500 8.288 4000 13.53 
120] 2.344 620 5.328 1600 8.560 4100 13.70 
140| 2.532 640 5.413 1700 8.823 4200 13.87 
160] 2.707 660 5.498 1800 9.079 4300 14.03 
180] 2.871 680 5.580 1900 9.327 4400 14.20 
200] 3.026 700 5.662 2000 9.570 4500 14.36 
220] 3.174 720 5.742 2100 9.806 4600 14.52 
240] 3.315 740 5.822 2200 10.04 4700 14.67 
260] 3.451 760 5.899 2300 10.26 4800 14.83 
280] 3.581 780 5.976 2400 10.48 4900 14.98 
300] 3.707 800 6.053 2500 10.70 5000 15.13 


Example. At f = 2000 ~ a, = 9.570 (459; а = 9.570 /45° 


SKIN-EFFECT IMPEDANCE RaTIO FOR NONSPIRALLED STRANDED 
CONDUCTORS оғ NON-MAGNETIC METAL 


In order to consider the impedance ratio for a stranded con- 
ductor in its simplest case, we may assume that all spirality 
effects are absent, and, therefore, that the conductor is stranded 
without any twisting, or, that if twisting occurs, the spirality 
effects of the twisting may be ignored. The effect of stranding 
a conductor will then be to increase its effective diameter, with- 


14. Bibliography No. 85. 


- 
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out altering the cross-section of metal. Let A B C, Fig.25,be 
the cross-section of a solid round wire of great length, and remote 
from its return conductor, or from other disturbing conductors. 
Let its radius be Х cm., and its substance have a conductivity 
y abmhos per cm., and a permeability и = 1. Then let the 
above conductor be divided into a number of parallel strands, 
 symmetrically insulated, spaced, and distributed; so that the total 
cross-section, including all insulation between strands, of the 
new stranded conductor А B C 1s increased п times ог 


TX) = пт x: | sq. cm. (81) 
Х, = X Уп cm. (82) 
The stranded conductor will not differ in permeability from the 


and 


Fic. 25 


solid conductor, but will differ therefrom in longitudinal electric 

conductivity. Тре stranded conductor will have the same total 

linear conductance as the solid conductor ; but its average con- 

ductivity over the cross-section will be n times less. Conse- 

dL the propagation constant a, of the stranded conductor 
e: 


Од = VA yı u c M5? M a Tu w \45° = -2 
стг! Z (83) 
Therefore the quantity ал X; for the stranded conductor is 
«Ху = -= X Vin = aX numeric Z (84) 
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or is the same as for the solid wire. We thus conclude, from an 
inspection of (68), that the impedance ratio Z/ К, as well as its com- 
ponents R'/R, and L’w/R, are the same as for the metallically 
equisectional solid conductor. This is a property of conductors 
already known experimentally.!5 

Moreover, formulas (42) and (43), relating to the electric 
and magnetic forces and flux densities at any point within a 
solid conductor ‘clearly apply also to a non-spiralled symmetri- 
cally stranded conductor, if the radius x is expressed as а frac- 
tional part of the total radius X, in each case. Thus the values 
Of nz, iz, 9C, апа @,, at half radial depth, bear the same complex 
numerical ratio to the corresponding values at the surface, in 
both stranded and solid conductors. The actual values of these 


Fic. 26 


quantities at the surface will not, however, be the same in both 
cases, although the computations are readily made with (64) 
and (64). 


SKIN EFFECT ON UNIFORM FLAT STRIPS OF INDEFINITELY 
GREAT WIDTH 


The problem of skin effect in flat strips, of indefinitely great 
width, remote from disturbing alternating magnetic fields, seems 
to have first been solved by Lord Rayleigh!5in 1886, and solutions 
have been given in various forms by a number of writers since 
that date. The steps in the demonstration are, however, pre- 
sented here, because the forms of the final results are believed to 


15. Pender, Bibliography No. 101. 
16. Bibliography, No. 6. 
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offer particular advantages for engineers. Let A B Cc ba, Fig. 
26, be one edge of a long wide and flat strip, of uniform conductor, 
whose midplane is at 00,02. Тһе length of the strip is parallel 
to 001, BC, or bc. The breadth across the strip is parallel to 
0,02, СЕ or ce. Between the cross sections at BObd B and 
СО, c e E there is supposed to be a length of 1 cm. of the strip. 
The half thickness of the strip OB, or О.С, is taken as X cm. and 
any layer P P, P» in the strip has a distance of x cm. from the 
midplane. Let y be the conductivity of the metal, in abmhos 
per cm., м the uniform permeability, w the impressed angular 
velocity of the sinusoidal current in the steady state, in the 
direction А B C. Then, if the current density at the layer x 
is 1, absamperes per sq. cm. as indicated by the arrow, the 
magnetic intensity 3C, will vanish at the midplane, will increase 
lefthandwards as we increase x positively, and also increase 
righthandwards as we descend to the lower surface at x = — X. 
Then, if we consider an elementary layer of thickness dx cm. at 
P P, Р», the magnetic flux density on the top of this layer will 
be greater than that at the bottom, the difference being, by elec- 
tromagnetic theory : ғы 


48, = 4т uiz: ах gausses Z (85) 
or | \ 
dB. _ 4т иі, и 80 


dx cm. depth 


The increase of electric intensity dy, in the layer is 


d$, , . u ; abvolts 
йз. = di -dx=j о0%5-ах-р. dix E Z (8T) 
(i. 24905 . ; absamperes 
АШЫН SES ^s cm.depth cm.? 6455) 


Differentiating (86) with respect to x and substituting (88) 


а“, ; | ausses 
452 TIET YH WG: = оғ 6, „кй (89) 


Where the propagation constant 


а = У] 4пуноа = У4пуца /45 


= V2mT yuco-j VT yu w = аз + jas cm. Z (90) 
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Differentiating (88) with respect to x and substituting (86), 


Cis 2. 4 ЕРСІ absamperes 
ГҮ? = ј4т Үш (01, = о71, а Z (91) 
The solutions of (89) and (91) are 
1, = A, cosh ох + B, sinh ax absamperes 
sq. cm. 


Z (92) 

А{х = X, iX = А, сов aX + B, sinh aX “ & / (93) 
atx = —X,1_X = А, соѕһ (-аХ) +В, sinh (-аХ)“ “ Z (94) 
= A,coshaX — B,sinh (a X) “4 “4 (95) 


But 7, must have the same value in (93) and (95), which сап only 
be satisfied with В, = 0. Consequently 


absamperes 
1, = А, cosh ax ЕКСА (96) 
sq. ст. 
where ах is a semi-imayinary quantity, or has /45? as ап argu- 
ment. Dividing by (93), with B, = 0, we obtain 


tom іт! _ 1, _ coshax 


- = —— = ------ numeric Z (97 
Don ie? 1х cosh aX (97) 


where the subscripts т indicate maximum cyclic, and the sub- 


scripts 7 root-mean-square values. 
The average r.m.s. current density over the cross-section is 


x x 
; 1 ; 1 iX, 
“4, = | irae rate | cosh ax · dx 
0 


Ш 


absamperes | 
sq. cm. 


Z (98) 


_ 1 2X, "m tanh a X 
=O och sinh aX 1Х, — c 


absamperes Z (99) 


sq. cm. 
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ButiX, = Y nX, is the uniform current density which the im- 
pressed e.m.f. would produce over the entire cross-section of the 
strip at zero frequency. Hence 


ІХ, 4Х, 272 _ aX А 
ч dU a АУ numeric Z (100) 


When aX has a modulus greater than 6.0, tanh aX = 1.0 /0°. 
very nearly, and 


—. = QX numeric Z (101) 


The skin-effect impedance ratio being aX/tanhaX, let 
this complex quantity be 


-5- = M/B numeric Z (102) 
Then 
R' | 
hm M cos f numeric (103) 
and 
L'a қ | 
jm M sin B numeric (104) 
Dividing by w, 
L M . | 
E = 2 біп B seconds (104 a) 


-As an example we may take the case of an indefinitely wide 
copper strip 0.2 cm. thick and operated at a frequency of 2183~; 


SO that 


а= Мат-1. 1.27.2183 (45° = 10 /45°. 


Then X = 0.1 см. and aX = 1.0 /45°. 
By Tables,” tanh 1.0 /45°= 0.9308 /27°.044 


17. Kennelly, Bibliography No. 99. 


1802 KENNELLY, LAWS AND PIERCE бері. 16 


| Z o IO — рота / 17956 
амы R 7 09308 /27°.044 е 


R' 


в = 1.022 


=1.022 + 70.331; and 


The skin effect resistance ratio 1s therefore 1.022. 
Again, using (97) and (100) 


т _ îr _ ax T cosh ax 
m ^ іл — snhoX — (sinh aX) 
( aX 
numeric Z (105) 
The complex unb ee has been tabulated and charted for the 
argument /45? up to |aX| = 3.0. Thus in the case considered, 
by Tables, nh 10 749 _ 1.0055 /9*.531; so that in thi 
)y Lables, 10/45) — = 1.UU0 гі .901; SO that in this case 
= = 0.9945 \9°.531 cosh ax numeric Z (106) 
qr 


At the midplane, where x = 0, and cosh 0 /45° = 1.0 /0°, the local 
current density is about 0.5 per cent. less than the average cur- 
rent density and lags behind it 9°.5. At the surface, where 
X = 041, and aX = 1.0 /45°, cosh 1.0 /45° = 1.080 /27°.487; зо 
1X, 
17 
7.4 per cent greater than the average and leads it nearly 18°. 

The external skin thickness 6 cm., which, carrying the surface 
current density 2Х,, would be the equivalent of the half thickness 
of strip carrying the average current density tg, is defined by the 
condition 


that = 1.074 /17°.957 and the surface current density is 


б R ; 
у =R numeric (107) 
or 
R 
or 
tanh aX Х 
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For frequencies sufficiently high to make |«Х| > 6.0, this approxi- 
mates closely to 


Qe 


ды Я МИ шыл cm. (110) 


tanh 1.0 /45°. | 
—10 45° _ is, Бу Tables, 0.9308 
\17°.956, and д = 0.09308/соз (17°.956) = 0.009308/0.9513, 
= 0.0978 cm., approaching more and more nearly to 1/а; ст. 
as the frequency increases. 

Returning to (89), the solution for @, is 


Thus, in the case considered, 


В. = А, cosh ax + В; sinh ax gausses Z (111) 


Where о, аз before, stands for the semi-imaginary 

У4т туро /45° = оз + јоз ст.714 
In order that G, = — (8.,; т.е. that the flux-densities at opposite 
surfaces shall be equal and opposite it is necessary that А: should 
vanish, and this leaves 


(8, = (8; sinh ax gausses Z (112) 


лан О лағы o.c 11 
X. Rae anh aX numeric Z (113) 


The rm.s. surface flux density ВХ, 15 determined by the fact that 
if I, is the r.m.s. value of the current per unit breadth of strip, 
in absamperes per cm. 


By, = 2 т wl, gausses Z (114) 
and 
Be _ 2T7Tulb o. 
8s LT Y sinh ах gausses Z (115) 


Thus in the case considered, if the r.m.s. current carried is say 


1 ampere per cm. of breadth, J, = 0.1 /0°, sinh 1.0 /45° = 1.0055 
/54°.531. Hence Е Е 


К 0.6283 /0° | 
1.0055 /549.531 ` sinh ах 


zr 


gausses Z (116) 
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At the midplane where x = 0, sinh ax = 0/45°, and @„ = 
0\9°.531, 4. e. vanishing flux density, lagging 9.°53 behind the 
phase of average current. 

It will thus be observed that the change in form of a linear 
conductor from a solid cylinder to a wide flat strip, has the effect 
of substituting hyperbolic functions of a semi-imaginary variable 
ax for Bessel functions of a closely related semi-imaginary 
variable aox where |a| = |æ, and œ = j оо, the form of the 
fundamental equations (42)—(97) and (43)—(113) remaining un- 
changed. | 

Ав was first pointed out by Steinmetz’, the conditions of cur- 
rent density as we penetrate into the strip, correspond to those of 
current strength in a long pair of parallel a-c. lines, with distri- 
buted constants, a millimeter of depth corresponding perhaps 
to hundreds of kilometers of line length. In fact, formula (97) 
is identical with that which expresses the current strength at any 
point of a pair of wires in a telephone cable, with negligible 
inductance and leakance, short circuited at the distant end, which 
then corresponds to the midplaneinthestrip. Similarly, formula 
(113) for the ratio of magnetic voltage gradients in the strip, is 
identical with the formula for electric voltages across such a pair 
of wires. The propagation constant о is a semi-imaginary іп 
each case, the linear leakance Corresponding to conductivity, 
and linear resistance to permeability. Just as in the cable, the 
wave length is!’ | 


А = а 2 V2 length units (117) 


аз [21 


so in the strip, the wave length is given by this formula, cm. or 
the c.g.s. length unit being employed. Thus, in the case con- 
sidered, where a = 10 /45°, and a5, the imaginary component 
of a is 7.071, |a| = 10, and A = 2484 ха = 0.8885 cm. 
That is, the rate of change of phase in the propagation of electric 
and magnetic intensities as we penetrate the strip, is one complete 
cycle, or 360 degrees, for 0.8885 cm. т.е. 405? per cm., апа 40°.5 рег 
mm. Reflections from the midplane in a shallow strip, disturb 


18. Bibliography No. 66. 
19. Bibliography No. 84. 
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this relation, which tends to be presented more nearly accurately 
as the thickness of the strip is increased. 

The skin-effect theory of indefinitely wide strips, as outlined 
above, appears to be of but little service in the actual use of 
ordinary copper-strip conductors, owing to the large disturbing 
magnetic effects at the edges. It is, however, useful in relation 
to the use of copper-tube conductors, and especially when these 
have large diameter and thin wall. The wall thickness X cm. 
should then correspond to the half-thickness X of a wide strip”; 
since the flux density must vanish at the inside wall of such a tube. 

There is, however, another reason why the above skin-effect 
theory of strips should be considered, in spite of its very imperfect 
application to narrow strips; namely, because it applies with but 
little modification to the important case of magnetic skin effect in ` 
steel strips or laminae of sheet steel, if the permeability can be 
taken as constant at an average value. The discussion of that 
theory is out of place here; but it may be permissible to point 
out that formula (97) applies to the magnetic lamina case, when 
flux densities ®, and ®, substituted for current densities i, and 
ix and formula (93) likewise applies to the magnetic case, when 
electric current densities i, and ix are substituted for В, and ®х. 
That is, the theory of the magnetic strip case follows the same 
Course as that of the electric strip case, above outlined, when 
magnetic and electric flux densities are mutually interchanged. 
Formulas (99), (100), (109), (110), (113) and others, then apply 
to both cases. It is evident that complex hyperbolic functions 
are a natural key to the actions in both cases. 


EMPIRICAL FORMULA FOR NARROW STRIPS 1.6 mm. THICK 


The curves of Fig. 10, present the resistance ratios of three 
widths of 1.6 mm. copper strip up to 5000 ~ at 60 cm. spacing. 
From these curves an approximate empirical relation has been 
found between about 1000 and 5000 ~, namely 


ГА 
> = 0.308 f*?! 19-163 . numcric (118) 
where f is the impressed frequency, and w the strip width in cm. 
This empirical formula is clearly inapplicable at low frequencies; 
but serves to indicate the effect of increasing strip width for the 
range covered in these tests. 

20. Bibliography No. 101, p. 1284. 
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LisT OF SYMBOLS EMPLOYED 


A external inductance of a test loop (abhenrys). 

А, В, arbitrary constants of electric current density in integra- 
tion equation (absamperes per sq. cm. Z ). 

A’, В’, arbitrary constants, magnetic intensity in integration 
equation (gilberts per cm. Z ). 

A,, Bı, arbitrary constants electric current density in integration 
equation (absamperes per sq. cm. Z ). 

A», Bz, arbitary constants magnetic flux density in integration 
equation (gausses Z ). 

a, length of a rectangular loop (cm.). 

а = VÀmTyuo /45° propagation constant for a flat strip, a 
positive semi-imaginary (ст.7! £). 

ay = VA т Y ww \45° propagation constant for a solid cylinder, 
a negative semi-1maginary (ст. 2). 


Q5, propagation constant for a stranded cylinder, a 
negative semi-imaginary (ст.7! 2). 

Qe, imaginary or real component of a semi-imaginary propa- 
gation constant (cm. 1). 

p, argument of a complex number expressing a skin-effect 


impedance ratio (radians or degrces). 

$: т, @„, instantaneous, maximum cyclic, and r.m.s. values 
of flux density at point of radius x (gausses <). 

b, interaxial distance between two parallel wires (cm.) 

у = 1/p, electric conductivity of material (abmhos рег cm.) 

C, skin-effect inductance ratio L'/L (numeric) 


d, diameter of round conductor (cm.) 
also sign of differentiation. 
б, thickness of skin carrying the same current at surface 


flux density as the whole cross-section at varying 
densities (cm). 
also the argument of a complex quantity 3/6 in a Bessel 
function (radian or degrec). 
е = 2.71828... Napierian base. 
Nz) Nem Nzr, instantaneous, maximum cyclic and r.m.s. values of 
electric intensity at point of radius x (abvolts per cm. Z) 
Nx, Пхт, 1х’, instantaneous, maximum cyclic and r.m.s. values of 
electric intensity at surface of radius X (abvolts per 
cm. £). 
f, frequency of impressed alternating current (cycles per 
sec.) 
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JC, 90,4, zr, instantaneous, maximum cyclic and r.m.s. values of 
magnetic intensity at point of radius x (gilberts per 
cm. £). : 

Iy, Ix, r.m.s. alternating currents in the sides of a Heaviside 
bridge (amperes Z ). 

In, Г, maximum cyclic and r.m.s. values of alternating cur- 
rent in a conductor (absamperes Z ). 

Íx,Íxm, їх +, instantaneous maximum cyclic, and r.m.s. values of 
current density at surface of radius X (absamperes 
рег sq. ст. 2). 

1; 1,5, izr, instantaneous maximum cyclic, and r.m.s. values of 

current density at radius x (absamperes per sq. cm. 2). 
l4, т, i47, instantaneous, maximum cyclic, and r.m.s. values of 
vector average current density over cross-section 

___ (absamperes per sq. ст. 2). 

je v -1 

Ло (2) zero-order Bessel function of first kind, for a vari- 
able z (numeric). 

К, (2), zero-order Bessel function of second kind, for a variable 
z (numeric). 

Ji(2) first-order Bessel function of first kind, for a variable 
z (numeric). 


Kı (2), first-order Bessel function of second kind, for a vari- 
able z (numeric). 

K, twice the mutual inductance per turn of the secondary 
winding in Heaviside bridge (henrys per turn). 

k, twice the resistance of one cm. length of Heaviside- 
bridge slide wire (ohms per cm.). 

L, linear internal inductance of conductor in test loop 
without skin effect (abhenrys per linear cm.). 

L, inductance of the test loop at zero frequency (henrys 
or abhenrys). 

L’ 


; inductance of the test loop at test fequency, with 
skin-effect (henrys or abhenrys). 
also linear internal inductance of conductor at test 
Eo frequency, with skin-effect (abhenrys per linear cm.). 
в L'’x, inductance in the P and X arms of a Heaviside bridge 
T (henrys). 
ғ, L'x, inductances іп the P and X arms of a Heaviside bridge 
excluding slide wire (henrys). 
reading on Heaviside-bridge slide wire with loop short- 
circuited (cm.). 


ly 
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А, reading оп Heaviside-bridge slide wire with loop inserted 
(cm.). 

р, total length of slide wire in Heaviside bridge (cm.). - 

, wave-length of propagation (cm.). 

М = |2/К|, modulus of a complex number expressing a skin- 
effect impedance ratio (numeric). 

и, permeability of a substance to magnetic force [rausses 
per (gilberts per cm.)]. 

also twice the inductance change per cm. of Heaviside 
bridge slider abhenrvs ‘cm. 

т, a constant coefficient of the variable in a Bessel func- 
tion (numeric Z ). 

т, mutual inductance in a Heaviside bridge wire (henrys). 

то, mutual inductance in a Heaviside bridge wire for 
balance with loop shorted (henrys). 

ті, mutual inductance іп а Heaviside bridge wire for 
balance with loop inserted (henrys). 

п, the general term number in an expanded series, also 
ratio of amplification of cross-section in stranding a 
conductor (numcric). 

No, number of turns in secondary of mutual inductance in 
Heaviside bridge wire for balance with loop shorted 
(numeric). 

ПІ, number of turns in secondary of mutual inductance іп 
Heaviside bridge wire for balance with loop inserted 
(numerie) 

р, order of a Bessel function. 

п = 3.14159.... 

К, resistance to continuous currents of the test loop with- 
out skin effect (ohms). 

also linear resistance to continuous currents of the test 
loop (absohms per linear cm.). 

R' resistance to alternating currents of the test loop with 


skin-effect (ohms). 
also linear resistance to alternating currents of the test 
loop with skin effect (absohms per linear cm.). 


R,’’, Rx”, resistances in Р and X arms of a Heaviside bridge 


(ohms). 


Rs’, Rx’, resistances іп Р and X arms of a Heaviside bridge 


excluding slide wire (ohms). 


r.m.s., contraction for root-of-mean-square. 
р = 1/7, resistivity of material (absohms cm .). 
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і, time elapsed from а selected epoch (seconds). 

0, width of a flat strip (cm.). 

X, external radius of a cylindrical conductor (cm.). 

x, radial distance of a point on a cylindrical cross-section 
from the axis (cm.). 

X, half thickness of a flat strip conductor (cm.). ; 

Х, total radial thickness of the wall of а tubular conductor 
(cm). 

X', linear reactance of conductor in test loop, with skin- 
effect (absohms per linear cm.). 

X, equivalent external radius of a stranded cylindrical con- 


ductor (cm.). 

Z = R' + j X', linear impedance of conductor in test loop with 
skin-effect (absohms per linear cm. 2). 

Zu, Zu, Zp, Zx, impedances in the four arms of a Heaviside bridge 
(ohms Z ). 

w = 21}, angular velocity of impressed alternating current 
(radians per second). 


~, sign for “ cycles per second." 

12, sign for the modulus of a complex quantity 2 (numeric) 

2 sign for the argument’ of а complex quantity 2 (radians 
or degrees). 
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DEISEL ENGINES FOR GENERATOR DRIVE 


BY CHARLES LEGRAND 


ABSTRACT OF PAPER 


The author describes some investigations made in Europe 
of Diesel engines of large capacity, with a view to their suita- 
bility for driving generators of 500 to 1000 kw. capacity under 
conditions prevailing in mining camps in the Southwest. 


[ ATE in the year 1912, the writer investigated the suita- 

bility of Diesel engines for driving generators of 500 kw. to 
1000 kw. capacity under conditions generally prevailing іп min- 
Ing camps in the South west. At that time no American made 
engines of sufficient size were available and the investigation 
Was carried on in Europe, mostly in Belgium. 

F our-cycle engines of 175 effective b.h.p. per cylinder, had 
been in use for several years and the results of their operation 
known, Cylinders of 250. effective b.h.p. were made but I did 
Not see any. 
| Two-cycle engines of 250 effective b.h.p. per cylinder, had been 
Operation for a short time, but no data as to maintenance or 
repairs was available. Engines with cylinders of 600 effective 
Ћ.р. were under construction after shop experiments had been 
Carried on with one single cylinder of that size. One cylinder of 
1000 effective b. h.p. was being experimented upon, and builders 
Were ready to take orders for engines using this size cylinder. 
ll of the above cylinder ratings were for sea level conditions. 
The four cycle engines inspected had trunk pistons air cooled. 
he two cycle engines had water cooled pistons with cross-head 
and slides, | 

All engines used forced lubrication for cylinders. Both types 
Were used successfully to drive alternators in parallel, the 
Senerators being equipped with damping windings. Fora given 
Number of cylinders, the four-cycle engine required a heavier 
flywheel. Heavy oils could be used in both types with proper 
arrangement for heating the oil and using a light oil at start 
and finish of a run. 


Manuscript of this paper was received July 15, 1915. 
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The fuel consumption per b.h.p. of a four-cycle engineis from 
7 per cent to 10 per cent less than that of the two-cycle engine, 
depending on the load and, for both types, is practically inde- 
pendent of the size of the engine. 

The four-cycle engine is simpler, having no scavenging pump 
or moving water connections to the piston. 

The two-cycle engine has no exhaust valve, the аа taking 
place through ports in the cylinder wall; this 1s ап advan- 
tage when using 01] containing sulphur, as the exhaust valve 
is principally affected when sulphuric acid is formed in the 
cylinder and condenses on the seat of the exhaust valve, requiring 
frequent grinding of this valve. 

The scavenging pump is an advantage on engines to be used 
at high elevations, as by increasing the size of this pump, the 
pressure in the cylinders at the beginning of thestroke can be 
increased above atmospheric pressure and restore sea level 
conditions, if found advisable, at a comparatively small in- 
crease of fuel consumption. This could be done on four-cycle 
engines by the addition of an air pump, but would complicate 
this type of engine. 

The lubricating oil consumption of four-cycle engines is higher 
per horse power than that of the two-cycle engine. The total 
consumption of lubricating oil of a 525-h.p. threc-cvlinder, four- 
cycle engine 1n actual practise being approximately five gallons 
per b.h.p.—year of engine rating, while that of a five-cylinder 
two-cycle engine of 1250 b.h.p. is 2.5 gallons per b.h.p-year, 
both being on sea level rating of engines and for continuous 
service. 

The proportion of cylinder oil to engine oil used in the two- 
cycle type seems to be greater than in the four-cvcle. In the 
four-cvcle, the cylinder and engine oils used are about the same, 
according to builder's statements, while in the two-cycle, the 
cylinder oil 1$ approximately twice the engine oil from actual 
practise during three months. 

The four-cycle engine takes a little more room and is heavier 
than the two-cycle engine of the same power. 

Briefly stated, the advantages of the four cvcle engine жеге; 
well established tv pe with known maintenance and repair costs, 
smaller fuel consumption, greater simplicitv; those of the two 
cycle engine were; less lubricating cost, steadier running, less 
hability of trouble from sulphur in fuel oil, greater output per 
cylinder, less cost per horse power especially at high altitudes. 
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After due consideration, the company with which I am con- 
nected decided to try the two-cycle engine in actual practise, 
and two five-cylinder engines rated at 1250 b.h.p. at seal level, 
direct connected to 815-kv-a. 6600-volts, three-phase, 180- 
revolution generators, were installed. One of them has been 
in operation since December 1914, and the other since March 
1915; the load at present is so small that only one engine is 
operated at less than 25 per cent capacity, and it is too early 
to give any results of operation; however, from the numerous 
tests which we have made parallel operation is quite easy. 

The exciters are direct connected to engines and run in parallel 
on the regulator. 

Before paralleling the generators, the exciters were run in 
parallel for half an hour, one engine having a slightly variable 
load of 90 kw. and the other no load. The variation of load 
on the two exciters did not exceed 10 amperes from the average 
of 90 amperes. | 

The two generators were then paralleled оп a total load of 
90 kw. and the variation of load between engines could hardly 
be seen on indicating wattmeters. After a sufficient length of 
time to satisfy ourselves that there was no difficulty in parallel 
running, we cut off the fuel supply on one cylinder of one engine, 
then on two cylinders. With one engine running on three 
cylinders and the other on five cylinders the load varied ap- 
proximately 30 kw. between the two engines, after the governor 
had been adjusted to divide the load about equally. This test 
was then repeated after increasing the total load to 200 kw., 
with the same results. Later on, the two engines were connected 
11 parallel, then the fuel supply was cut off altogether on one 
engine, running its generator as a motor; the fuel supply was then 
put on again, but we have been unable to make the generators 
fall out of step and they behave much better than any compound 
steam engines with which the writer has had experience. The 
current readings were too small to get reliable data on interchange 
of current between generators. 

The engines use California crude oil of about 16 deg. B gravity, 
heated to 120 deg. fahr. by means of the circulating water of 
the engines, except at start and finish of a run, when a lighter 
oil is used so that it will flow when cold. 

The writer hopes to be able to publish some operating data 
alter the engines have been operated for a few months more. 

Regarding cost of installation as compared to a steam plant, 
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this has to be figured for each particularcase. The character 
of the load has an important bearing on the total capacity of 
generating machinery to be installed. 

With a steady load the total capacity of units is practically 
' the same, as both have the maximum efficiency at rated load. 

With a variable load subject to high peaks, the Diesel engine 
plant would require a greater capacity than the steam plant, 
as like all internal combustion engines, the Diesel engine has little 
overload capacity. 

With conditions prevailing generally in Arizona, on rated 
capacity of plant installed for total power between 1000 and 
2500 kw. the cost of a Diesel engine plant compares favorably 
with a high grade steam plant using condensing Corliss engines, 
superheater and economizer in boiler plant. 

In designing a Diesel engine plant it is well to remember 
that the fuel consumption per effective b.h.p. is practically in- 
dependent of the size unit used, that an engine can be started 
and put under full load in a very short time so that a greater 
number of units can be used if it suits the load conditions better. 


To be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


A LARGE ELECTRIC HOIST 


BY WILFRED’ SYKES 


ABSTRACT OF PAPER 


The paper describes an electric hoist recently installed in a 
mine at Butte, Mont., having a depth of shaft of 4000 ft., net 
weight of load 14,000 1b., weight of skip and cage, 9000 Ib. and 
maximum hoisting speed 3000 ft. per min. Some results of 
operations are given. ‘This hoist is of special interest as being 
thelargest electric hoist in the world and containing some import- 
ant departures from previous practise. 


HE MINING conditions in Butte require the handling of 
large quantities of ore from depths of 2000 to 4000 ft. 

and eventually from 5000 ft. In the past steam hoists were 
used, but the difficulty of getting good water supply, and the 
high cost of fuel, made their operation expensive. Cheap hydro- 
electric power is available, and a few vears ago an attempt was 
made to decrease the cost of operation and still utilize the 
greater portion of the existing hoists, by arranging them for 
Compressed air operation. А central compressor plant was 
installed, the compressors being driven by synchronous motors 
for supplying the air not onlv to the hoists but for other under- 
ground operations. Although the central compressor station 
18 the largest in existence, the supply of air is not altogether 
adequate and with the continually increasing requirements for 


underground working, the alternative had to be faced of either. 


Increasing the compressor station, if new hoists are added, or 
of driving new hoists by some other means. The use of com- 
Pressed air is attended by all the usual difficulties of trans- 
Mission, leakages, etc and in order to obtain its economical 
*Peration preheaters are necessary for each hoist which re- 
Quire the use of fuel and labor to fire them. The air hoist 
as the same characteristics as the steam hoist, and is there- 
fore not very satisfactory from the standpoint of maneuvering. 
t has of course a large number of wearing parts, requiring 


„о and the maintenance is at least as high as the steam 
Oist, 


Manuscript of this paper was received July 20, 1915. 
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Recently the North Butte Mining Co. put into operation a 
new shaft and after a consideration of the various factors it 
was decided to use an electrically driven hoist instead of com- 
pressed air. The new shaft will be finally sunk to a depth of 
5000 feet and the requirements of the hoist are representative 
of the conditions in the Butte field. The operating conditions 
are as follows: 

Depth of shaft—4000 ft., eventually 5000 ft.; Net weight of 
load, 14,000 1Ь.; Weight of skip and cage, 9000 1Ъ.; Size of 
rope, l$-in.—4.1 lb. per foot, Drums, 12 ft. in diameter. 
Maximum hoisting speed 3000 ft. per minute. Normal hoist- 
ing speed 2700 ft. per minute. 


3000 Ft. Level 


4000 Ft. Level 


HORSE POWER 


TIME IN SECONDS 
Fic. 1— №овтн BUTTE MINING COMPANY HriosT CYCLE 


To meet the above conditions it was estimated that the 
load on the motor for the various depths would be in accord- 
ance with the diagram, Fig. 1. These estimates show that 
the power peaks will be approximately 4500 h.p., and, under 
the conditions that power is purchased in Butte, the cost would 
be excessive if a hoist operated by an induction motor were 
installed. Apart from other conditions of operation, this feature 
alone was sufficient to eliminate an alternating-current motor 
drive for the hoist. It was therefore decided to use a flywheel 
motor-generator set which would limit the input to the equip- 
ment, the peaks being carried by the flywheel. It was not 
attempted to install a flywheel of sufficient capacity to com- 
pletely equalize the load as this would have required a much 
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larger wheel than the one installed and the continuous losses 
would have been very greatly increased. It was estimated 
that by the use of a 50-ton flywheel the input to the hoist 
could be limited to the following figures during normal operation: 
Depth—2000 ft. 3000 ft. 4000 ft. 
Input—1250 h.p. 1420 h.p. 1850 h.p. 

The efficiency of electric hoisting with this system is naturally 
lower than if the power were utilized more directly, due to the 
conversion and friction losses. The elimination of the elaborate 
controlling apparatus, that would be necessary, the absolute 
control over the speed of hoisting, the generally more satis- 
factory results, and the elimination of high peaks are sufficient 
compensation for the extra power required. The calculated 


KILOWATT HOURS PER TON 


60 
PERCENT OUTPUT 


Fic. 2--Ховтн Встте MINING CoMPANY— POWER CONSUMPTION CURVES 
oF Hoist 


efficiency of operation is shown in Fig. 2, which shows the 
Power input per ton hoisted from various loads. Consider- 
able importance is attached to the reduction of the light-load 
losses to a minimum, as the flywheel motor-generator set runs 
continuously, only shutting down about once a month for 
Cleaning, ete. Consequently the lower the light-load losses 
the higher would be the general overall efficiency of the equip- 
ment. The mining conditions in Butte call for hoisting at 
full capacity for four or five hours at a time twice each day. 
The remainder of the period of hoist is handling waste, timber 
and men. Guarantees under very heavy penalties were there- 
fore required for the light-load losses and as they could be 
readily measured there was no difficulty in checking the manu- 
facturer's figures. Estimates of power consumption per ton 
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of material hoisted cannot be readily checked without special 
efforts being made to operate the hoist exactly on the cycle on 
which the estimates are based, and as it is almost impossible 
to determine accurately the mechanical efficiency of the hoist, 
such tests could not be relied upon to check the efficiency of the 
apparatus. From the individual efficiency curves of the ma- 
chines and the known light load losses, the power required 
under any stated condition can be readily calculated. 

The hoist consists of two drums, each fitted with a clutch, 
post brake and band brake. The drums are mounted on a 
shaft supported by three bearings, the shaft having a flanged 
coupling to connect to the motor shaft. The clutches and post 
brakes are operated by о! cylinders, the pressure being supplied 
by an accumulator with an electrically operated triplex pump. 
The band brakes are operated by hand wheels. All of the 
operating levers are grouped on a large elevated platform 
with double stairways. The control and reverse levers are 
separate, but so interlocked that when the control lever is in 
the “оп” position the reverse lever cannot be moved. 

The safety devices include a mechanism for moving the 
control lever to the “ой” position when the skip has reached 
a predetermined point, holding this lever in this position until 
the reverse lever has been moved to its opposite position, the 
operator being thereby prevented from starting the hoist in 
the wrong direction. 

There are two solenoids which automatically apply the post 
. brakes if the skip 1s carried too far after the current has been 
cut off. 

An indicator with a large dial 1s provided for each drum, and 
for accurately spotting the skip or cage, the brake rings on 
the drums next to the middle bearing are extended 8 in., afford- 
ing a large surface on which to paint marks. 

On the platform there are mounted in front of the operator 
a panel holding a voltmeter and an ammeter, also a target 
which is connected to the reverse lever showing which drum 1s 
hoisting. Grouped around the sides of the platform arc the 
signal gongs, lights and telephone. 

The drums are 12 ft. in diameter by 9 ft. 4 in. face, each with 
turned grooves to hold 5000 feet of 15-1п. rope in two layers. 
The drum shell, brake rings and spiders are made of cast steel, 
the latter being fitted with heavy bronze bushings, each 
bushing being provided with four large grease cups for lubrica- 
tion. 
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The clutches are of the flat friction type consisting of two 
heavily ribbed annular rims faced with wood, supported on a 
six-arm spider keyed to the shaft. These rings clamp a flat 
steel plate bolted to the drums and are moved by six sets of 
toggle arms connected to a sliding. sleeve and rock shaft and 
operated by an oil cylinder. All of the parts of the clutches 
are made of steel. The clutches are designed to take a load 
of 50,000 pounds on a 12-ft. diameter, and all of the parts are 
figured for a factor of safety of not less than eight. The clutches 
and the motor were subjected to a load of two and a half times 
their rated capacity and under this load developed no weakness. 

The post brakes are made of plates and angles in the form 
of a box girder and are lined with basswood blocks readily 
renewed. The post brakes are the parallel acting: type applied 
by gravity and released by oil cylinders. 

The band brakes are for emergency service and are operated 
by means of hand wheels and screws. Proper provision has 
been made for operating these by power later on if desired. 

The bearings for the drum shaft are of the pedestal type 
with quarter boxes adjusted both vertically and horizontally. 
They are lubricated by a continuous gravity feed oiling system 
with the necessary tank, filters and pump, the latter being 
driven directly from the drum shaft, ‘oil being supplied to the 
bearings whenever the hoist is in operation. 

The drum shaft is of open hearth forged steel, 22 in. in di- 
ameter by 40 ft. 53 in. long, and has a flanged coupling forged 
at one end to be connected to the motor shaft. АП of the 
operating connections and auxiliaries are placed on or above 
the floor level in full sight of the operator, sothat any derange 
ment of any of the working parts can be quickly observed. 

The combined weight of the drum shaft with the two drums 
and two clutches is 300,000 pounds. The radius of gyration 
15 4.86 feet. The general construction of the hoist is shown 
In Fig. 3. 
. The hoist is driven by a direct-connected direct-current 

motor running at about 71 rev. per min. normal, which is 
mounted on sole plates built into the foundations. Fig. 4 
Shows the principal dimensions of the motor, and the heavy 
construction of the mechanical parts will be particularly noted. 
The motor is wound for 600 volts and has 16 poles. The arma- 
ture is 10 ft. in diameter, the outside diameter of the frame 
being 14 ft. 1 in. The motor will develop 5000 h.p. for short 
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periods without injury and particular care is taken to build a 
machine that would stand high temperatures without injury. 
The frequency of hoisting and the duration of the hoisting 
period is somewhat uncertain, and as a factor of safety, mica 
and asbestos insulation has been used throughout the machine. 


Fic. 4 


The armature coils are all mica insulated and the field coils 
are copper strap wound on edge, with asbestos insulation. 
The insulation is such that an ultimate temperature of 150 
deg. cent. could be carried without injury. For hoists of this 
size it is important to guard against failures of insulation due 

РЕ to temperature as the ventila- 
tion of the motor due to the 
periods of rest and the slow 
speed when running is not 
particularly good. The total 
weight of the rotating part 
of the motor is approximately 
70,000 pounds and the radius 
of gyration is 4.1 ft. The 
motor is separately excited , 
at 250 volts. The tests con- 
ducted on the machine show 
high efficiency for a machine of this type and are given in Fig. 5. 

Тре motor generator set supplying power to the hoist motor 
is driven by a 1400 h.p., 2200-volt, 60-cycle induction motor, 
14 poles, running at a maximum speed of about 505 rev. per 
min. The generator is designed to deliver about 6000 amperes 


PERCENT EFFICIENCY 


Fic. 5— EFFICIENCY CURVE OF HOIST 
Моток 
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during period of acceleration at a maximum of 600 volts. It 
‚ is connected solidly with the motor, the control of the speed 
and the direction of rotation being by means of the excitation 
on the generator. To enable the peak loads to be satisfac- 
torily commutated, on account of the high speed, a commuta- 
ting machine with interpoles was built. The armature has a 
diameter of 66 in., and the field has 10 poles, so that during 
acceleration peak period 1200 amperes are collected by brush 
arm. The generator is arranged for separate excitation at 
250 volts, from the direct-connected exciter. As the speed 
of the set varies during operation and it is desirable to main- 
tain a constant exciter voltage, an automatic voltage regulator 
was installed for this purpose. Mounted between the motor 
and the generator is a steel plate flywheel having a diameter 
of 12 ft., and а weight of 100,000 pounds. The peripheral 
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Speed of the wheel is about 19,000 ft. per min. and it is built 
Чр of steel disks cut from solid plates, the disks being held to- 
gether by rivets. The wheel is shrunk on the shaft and finished 
all Over. It is protécted by a case which completely encloses 
it. This case reduces the windage very appreciably and also 
affords mechanical protection. The flywheel is carried by two 
water cooled gravity feed lubricated bearings 18 in. in diameter 
by 46 in. long. In spite of the high bearing speed of about 
40 ft. per sec., the bearings run quite cool. The flywheel and 
its shaft are built up as a unit, the shaft having a forged flanged 
coupling at each end to which motor and generator are coupled. 
In case any repairs are necessary to the motor or generator, 
the rotating parts can be removed without disturbing the fly- 
wheel. The whole of the set is mounted on a bedplate built 
Into the foundation. The speed of the set during operation 
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is controlled’ by an automatic slip regulator which has been 
previously described.* The slip regulator also is used for 
starting the set and the input for which it is adjusted can be 
readily changed by varying the amount of the counterweight. 
As previously mentioned, the hoist operates for periods of 
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Fic. 7—WATTMETER CURVE SHOWING INPUT TO Моток DRIVING FLv- 
WHEEL MOTOR-GENERATOR SET 


three or four hours at a time at full capacity and during the 
remainder of the time the work is decidedly intermittent. 
Fig. 7 shows the input to the a-c. motor driving the flywheel 
set when running at regular hoisting. It will be noticed that 
the slip regulator limits the maximum input during each period 
to practically the same value, and that between trips the loads 


= Атреге 
4. 
2 ГА 
сс 
ы m 
9 ae 
o = 
З ЕН 
жн 
aw 
1500 j 
< 1000 + M- 
E 4 
о 
u 
ш 


drop down to practically the friction load of the set. This is 
due to the fact that the interval between trips is longer than 
is necessary to bring the flywheel up to full speed. А typical 
days work shows the following hoisting conditions: 


A.I.E.E. TRANSACTIONS, 1911, Electrically Driven Reversing Rolling 
Mills, by Wilfred Sykes. 
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Trips hoisting оге......................... 131 
Trips hoisting мав4е........................ 36 
Trips with {їтБег.......................... 13 
Trips Wit hie оо каф RES 18 


Fig. 8 shows typical cycles when operating under present 
conditions. The hoist at present is working from a maximum 
depth of 2800 ft. and the acceleration peaks are not as high when 
working from 4000 ft. These curves show the direct-current 
volts and amperes, the direct-current kilowatt and the alterna- 
ting-current input. The overall efficiency from these curves, 
including all mechanical and shaft losses as well as electrical 
losses; that is, the ratio of input to the actual work required 
to lift the material is 48 per cent. 

It was estimated when the hoist was installed that the light- 
load losses would be approximately 126 h.p., including excita- 
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Fic. 11— EFFICIENCY CURVE OF 
INDUCTION Мотов$ DRIVING 
FLYWHEEL SET 


Fic, 10—EFFICIENCY CURVE OF 
GENERATORS SUPPLYING POWER 
то Hoist MOTOR 


tion for the hoist motor, or in other words for the equipment 
in condition to start hoisting. Tests made after installation 
Showed that these losses did not exceed the above figure and 
Were probably slightly less. The actual input could not be 
determined within one or two horsepower due to variation in 
reading of instruments. The hoist has been in operation con- 
tinuously since the middle of May and has carried the load 
of the new shaft and occasionally the existing shaft during the 
- time the old steam hoist was out of commission. 

This hoist is noteworthy as it is the largest electrically- 
Operated hoist in the United States, and it marks a decided 
departure from previous practise in handling large quantities 
of ore in the metal mining fields. 
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RECENT IMPROVEMENTS IN THE ELECTRIC 
LIGHTING OF STEAM RAILROAD CARS 


BY R. C. LANPHIER 


ABSTRACT OF PAPER 


This paper deals with the axle generator system of electric 
hghting for steam railroad cars, and describes recent improve- 
ments in control systems for obtaining proper voltage from the 
generator under all conditions and proper regulation of battery 
charge to conserve the life of the storage battery. Methods of = 
control depending upon voltage of the battery have not been 
wholly successful. Since the beginning of 1914 extensive use has 
been made of systems of control of the battery charge based upon 
actual input and output in ampere-hours, and one such system, 
which has proved successful, is described. 

In the development of the system of control by ampere-hour 
meter, tests were made by means of a special graphic recording 
ampere-hour meter which gives a complete record of the treat- 
ment received by a storage battery with any axle generator 
System. Actual records from long runs are reproduced, to show 
the results obtained in the operation of the system of control 
of charging by ampere-hour meter.’ With this system the 

attery has minimum work to do, in most cases operating bet ween 
points of 75 or 80 per cent of full load and full charge, and 
the lighting load is put on the generator as much as possible. 


Шы PROBLEM of supplying a uniform and thoroughly 
| Satisfactory electrical. illumination of steam railroad cars 
13 much more difficult than might appear to engineers not 
familiar with some of the problems involved, and which do not 
occur in supplying electricity from a stationary plant. 

Three general methods have been employed in the United 
States and Canada for the operation of electric lights on steam 
railroad cars; the method now most generally used and which 
will undoubtedly come into even more extensive application 
In the future, being that employing a generator suspended 
beneath the car, driven by a belt or chain from one of the car 
axles, and operating in connection with a suitable storage bat- 
tery carried on the car to furnish a supply of current under 
all conditions of train operation. 

_ The second method is the so-called straight storage method, 
In which each car of a train carries only a storage battery which 
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is charged at certain points enroute or at terminals, from sta- 
tionary charging plants, and which carries the lighting load 
at all times. 

The third method is by means of the so-called head end sys- 
tem, employing a generator in the baggage car or other suit- 
able point in the train, which may be driven either by means 
of a steam engine supplied with steam from the locomotive 
boiler, by means of a gasoline engine, or by direct drive from 
the car axle, in the latter case giving a system somewhat similar 
to the first mentioned. 

With the head end system, a small storage battery is some- 
times used on each car of a train, so that the lighting will be 
taken care of when a car is detached from the train, as when 
laid off ata station enroute. Іп other cases a battery is employed 
on only one or two cars of the train, acting as a reserve when the 
generator 15 stopped, but not taking care of lights on other 
cars of the train than those having the batteries, in case such 
cars are detached. 

For the purpose of this paper, only the first or so-called axle 
generator system will be considered. There are, and have 
been, many more or less different arrangements of axle generator 
systems; that is, differing as regards the suspension and drive 
of the generator, its electrical characteristics, the relation of 
the generator to the battery, the controlling systems for obtain- 
ing proper voltage from the generator under all conditions, the 
methods of regulating the battery charge, of protecting the 
battery, of regulating the voltage supply to the lamps or other 
devices on the cars, etc. It is not within the scope of this 
paper to consider the many modifications and detail develop- 
ments of axle generator systems, especially as regards the merits 
of the several systems of so-called constant generator current, 
constant battery current, constant generator potential, etc., 
but rather those characteristics of all axle generator systems 
affecting the performance and life of the storage battery used 
in connection therewith. 

Aside from the difficulty of obtaining steady and uniform 
voltage and ample supply of current from an axle driven gen- 
erator under the widely varying conditions of train speed, and 
variation of load, there has been, with all systems of electric 
train lighting, more or less difficulty in obtaining proper battery 
charge without serious overcharging or overdischarging; both 
of which may be considered seriously detrimental to the proper 
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ge will thus be prevented 
m having a control such that 
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the voltage of the generator is dropped below the charging 
voltage required for the battery before full charge has been 
obtained, after successive discharges a gradual reduction of 
charge must take place, resulting ultimately in a seriously 
undercharged battery with danger of sulphation, reduction in 
life and excessive maintenance charges, just as are the results 
on the other hand from overcharging, causing disintegration 
of plates, loss of active material, excessive gassing, unnecessarily 
frequent flushing, and all the resulting evils which bring about 
similar high maintenance charge and greatly decreased battery 
life. Manufacturers of electric car lighting systems have de- 
voted great inventive ability and large expenditures to the 
development of details of control for axle generator systems, 
in an effort to prevent battery troubles, as referred to, and to 
a degree have been successful, but all methods of control de- 
pending upon voltage of the battery, must in the last analysis 
fail to a greater or less extent because of the inherent character- 
istics of a storage battery as regards voltage of charge and dis- 
charge under varving conditions of temperature, age of plates, 
condition of battery resulting from rate of charge, and other 
factors familiar to battery engineers. 

The very important effect of temperature on the charging 
voltage of a battery 1s clearly illustrated in Fig. 2. If the 
battery is cold the voltage on charge may follow the curve A 
which is shghtly higher than normal, and requires a maximum 
voltage at the finish of several volts above normal. 

On the other hand, if the battery 15 comparatively warm 
and the plates in good condition, the charging voltage will 
follow the curve B which is somewhat below normal, and the 
gasing voltage may be considerably below the gasing voltage 
of the battery under normal conditions. И the charge is con- 
tinued the battery warms still further and the voltage actually 
falls further awav from the normal maximum. 

When the specific gravity ceases to rise it may be taken as 
a sure sign that the battery is fully charged. This point is 
indicated by a cross on the specific gravity curve. This is after 
approximately 10 hours charge, but it should be noted that the 
voltage curves have reached their maximum value some time 
previous to this. | 

The curve A has reached its gasing voltage after 8} hours 
charge, while the curves В and С show that even a normal 
or a warm battery rises to а gasing voltage before the charge 
is fully completed. 
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The charging voltage of a storage battery will vary anywhere 
between the two dotted curves A and B, and it will rarely, if 
ever, follow the ideal charging curve С. 

With a stop charge system, depending upon voltage, this has 
usually been set high, for 40 or 42 volts, in order to insure that 


the storage battery gets sufficient charge. 


With a warm bat- 


tery, or in many cases, even with a battery under normal con- 
ditions, the charging voltage may never reach this point and 


along continued overcharging 
results, which boils out active 
material and causes excessive 
growth. 

If the relay is set so as to 
accommodate a low battery 
voltage, it will cut off under 
normal conditions too soon 
and leave the battery ina 
half charged condition. 
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Fic. 3— CONDITION OF AXLE EQuip- 


MENT SHOWN BY AMPERE-HoOuR 
METER TEST 


From the diagram and the above description, it will readily 
be seen that it is practically impossible to set a stop charge 
voltage relay for any definite voltage, so that it will meet the 
ordinary variations in battery condition and give a satisfactory 
percentage of overcharge without, on the other hand, rendering 


the battery liable to undercharge. 


In Fig. 3 are shown the actual results of teston a battery 
operating with axle generator equipment on a well known rail- 
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road system, from which it will be noted that during the period 
of this test an average overcharge of 100 ampere-hours per 
day was given the battery; that is, 5 hours of continuous boil- 
ing on overcharge at 20 amperes per day. It requires no 
argument to show that a battery subjected to such conditions 
will rapidly disintegrate, showing excessive maintenance cost 
and short life. 

For the purpose of showing results that have been obtained 
by the application of a control of the battery charge based 
upon actual input and output in ampcre-hours instead of by 
voltage, one well known system will be referred to, although 
it should be understood that the fact that this particular sys- 
tem is considered, does not mean that other systems now in 
general use are less or more subject to battery troubles from 
improper control by the voltage method, than this particular 
system. | 

In the control of any axle generator system it 1$ necessary to 
have some type of rheostat in the generator field circuit operated 
by devices automatically responsive to changes in the load 
current and the voltage across the battery terminals, so that 
with varying train speeds and varying load, the field of the 
generator will be automatically varied to maintain a practically 
constant voltage while the battery is charging; and a lower 
but practically constant voltage when the battery is floating, 
in those systems where the generator is not disconnected from 
the battery and load line after the battery has rcached full 
charge. 

In addition to thc controlling rheostat for the generator field, 
practically all axle generator systems also have а “ drop-out ”’ 
switch, as it 15 usually called, which automatically connects 
the battery and load line to the generator after the train has 
reached a certain critical speed; usually 12 to 15 miles per hour 
and which disconnects the generator from the line when the 
speed drops below a certain rate; usually 8 or 10 miles per 
hour, as the voltage of the generator then drops below the 
normal discharge voltage of the battery. 

Outside of these two main elements for generator control, 
all axle generator systems now used in this country also havea 
lamp regulator or rhcostat automatically responsive to changes 
in voltage from the generator and battery and to changes in 
the lighting load of a car, designed to maintain а uniform 
and steady voltage on the lamps. The lamp regulator and the 
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performance of the several types thereof now in use, is not 
directly related to the problem of battery control, but it may be 
stated, in passing, that a great amount of effort and ingenuity 
has been expended in the design and construction of lamp 
regulators and there is still room for improvement in the way 
of simplicity of design and smoothness of opcration, so as to 
avoid any flickering or variation of the lights with the start- 
ing, stopping and sudden variations in speed of a train. 

' Aside from the generator field regulator and automatic or 


drop-out switch, certain other 
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Fig. 4, the regulating solenoid acting on the carbon pile compris- 
ing the resistance in series with the generator field, is arranged 
so as to maintain a proper charging voltage, say 43 to 44 volts 
at the generator terminals, until the voltage of the battery has 
risen sufficiently high to lift the armature of the relay К, when 
circuit is closed through the contact C, thus increasing the flow 
of current in the potential winding of the solenoid controlling 
the carbon pile, decreasing the pressure on the pile, reducing 
the field excitation of the generator, and thus dropping the 
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voltage of the generator so low as to cause a large reduction 
in the energizing effect of the potential winding of the drop- 
out switch S. With this condition and a slight reversal in cur- 
rent flow through the series winding of the drop-out switch, 
due to current passing from the battery back to the generator, 
the automatic switch will drop out, disconnecting the generator, 
thus causing the battery to carry the load until such time as 
the train has slowed down to а very low speed or has stopped, 
when the relay R will be de-energized, breaking circuit to the 
shunt winding of the regulator solenoid, and restoring the entire 
system, so that on starting of the train and reaching critical 
speed, the generator will operate at charging voltage until such 
time as the battery has again become fully charged according 
to voltage. 

somewhat similar control hasbeen employed in other well- 
known svstems of electric railway train lighting, and while in 
many respects satisfactory, particularly with а new batterv 
operating at fairly uniform temperature, none of these systems 
has given the results obtained with a control based upon ampere- 
hour input and output of the battery, in other words, on the 
battery's actual quantitative performance. 

Something over two years ago, several railroad companies 
operating electric lighted cars, applied ampere-hour meters in 
an experimental way in connection with existing systems, sub- 
stituting the full charge contact in the ampere-hour meter either 
in place of the contact operated by the voltage relay, or in con- 
nection therewith, so as to make the termination of charge to 
the battery dependent upon its condition with respect to charge 
as indicated by the ampere-hour meter. Preliminary results 
were quite satisfactory, but the ampere-hour meter was not ex- 
tensively emploved for automatic control of battery charge with 
axle generator systems until the beginning of 1914 when the 
Pullman Company applied meters on a number of cars. The 
application of the meter to the system already referred to, and as 
shown without the meter in Fig. 4, is illustrated in Fig. 1, the 
meter being shown diagrammatically at М. This entire diagram, 
like Fig. 4, is schematic, small details and structural features being 
omitted for the sake of simplicity. 

Following results in the wav of improved battery maintenance, 
which is bv far the largest item in the cost of maintaining axle 
generator svstems, meters were put on a large number of cars 
owned by the Pullman Company and at the present time prac- 
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tically every electric lighted Pullman car is thus equipped. 
Before describing in detail some of the tests that have been made 
and results obtained, it may be of interest to mention briefly 
the type of meter which has been used for this work. 

The ampere-hour meter employed is of the mercury motor 
type, having a copper disk immersed inamercury chamber formed 
of suitable insulating material, and with current led into and out 
from the mercury at diametrically opposite points so as to pass 
across a diameter of the disk. The current is subjected to the 
action of a field on each side of the center of rotation, produced 
by a powerful permanent magnet, so that the torque imparted to 
the moving system is proportional to the current flow through the 
copper armature, irrespective of voltage. 

By means of a device termed a “ variable resistor " connected 
in parallel with the motor element and mercury chamber of the 
meter, and both across a shunt of suitable capacity in the load 


line, the ratio of current sent through the armature with respect. 


to the total current in the line is varied between charge and dis- 
charge, so as to give a lower speed to the meter on charge, for 
any given line current, than on discharge, thus enabling automatic 
compensation to be made for the inefficiency of the batterv, 
as 1s necessary in order that the meter may correctly maintain 
the battery in properly charged condition. By means of a 
suitable adjusting device for varying the effect of the resistor 
element, anv desired percentage of overcharge may be given, but 
in railway train lighting work it has been found desirable to give 
an overcharge with lead storage batteries of about 25 per cent 
and with Edison batteries, of about 30 per cent. The ampere- 
hour meter can readily be set for either percentage, and in fact 
for any desired percentage, according to the age of the battery, 
conditions of temperature and other factors which may affect 
the overcharge required. It is important to note, however, that 
even should the overcharge given the battery be 5 ог 10 per cent 
greater than necessary to keep it in fully charged condition, the 
total overcharge that a battery in train lighting service will 
receive 1$ so little as compared with the total ampere-hour input 
and output over an extended period, that practically no deteriora- 
tion will be caused as compared with the enormous overcharge 
which may easily be obtained with a very slight variation in the 
charging voltage, when the control of charge is dependent upon 
voltage. 

The ampere-hour meter as described above is provided with 
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suitable contact at the zero or full charge point on the dial, the 
hand moving clockwise on discharge and counter-clockwise 
towards zero on charge. The zero contact of the meter is shown 
diagrammatically at E in Fig. 1 and it will be seen that the con- 
tact is connected across resistance, F in series with the wind- 
ing of the voltage relay so that the closing of the contact will 
immediately increase the energizing effect in the relay, causing 
it to close circuit through contact C thus increasing the current 
in the shunt coil of the field controlling solenoid P, which finally 
causes a decrease in the pressure on the carbon pile, a consequent 
decrease in the energizing effect of the generator field, and a 
reduction of the generator voltage to floating voltage of the 
battery. 

As the floating voltage of a storage battery is far more con- 
stant than the voltage of charge or discharge under widely vary- 
ing conditions of temperature age, etc., it is possible to determine 
a floating voltage such that the battery will receive a negligible 
charge or give a negligible discharge, outside of that required for 
any lamp load that may be on when the generator 1$ brought to 
the floating voltage as predetermined, and which is dependent 
upon adjustment of the several resistances 1n the system includ- 
ing M and G as shown in Fig. 1. 

For sixteen cells of lead battery, as regularly employed with 
all axle generator systems at this time, a floating voltage from 34 
to 35 volts has been found thoroughly satisfactory, giving a 
minimum charge or discharge from the battery. In the opera- 
tion of the systems as shown in Fig. 1 with the ampere-hour 
meter as control, it will be noted that after contact has been 
closed at full charge point operating the relay R and reducing 
the generator to floating voltage, the battery will discharge and 
carry any load that may be on in the car, as the relay К will 
remain closed after its armature has been drawn up, even with 
the reduced voltage across the generator terminals. "This condi- 
tion will continue until the next stop of the train 1s made or until 
a verv low running speed has been reached, when the armature 
of the relay R will drop out, thus restoring the conditions existing 
before full charge had been reached and permitting the generator 
to operate at charging voltage after the train has started up and 
passed above the critical speed of 12 to 15 miles per hour. Charg- 
ing will then begin and continue until the battery has again 
reached full charge as shown by the ampere-hour meter, when 
operation through the relay to bring the generator to floating 
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voltage will again take place. With this method of operation 
the battery will receive a proper overcharge without any ser- 
ious and destructive overcharges, and will at all times, except in 
case of a very long accidental stop while lights are being used, 
have practically full charge, so as to operate at highest efficiency 
and give a most uniform supply of current for the lighting load. 
On the other hand, with this method of operation the battery 
has minimum work to do, in most cases operating between points 
of 75 per cent or 80 per cent of full load and full charge, and the 
lighting load is put оп the generator as much as possible, which 
has not always been the case with the systems of voltage control 
where it was frequently the case that the battery would work over 
a very wide range, carrying the load a great part of the time when 
the generator should have done so. It is obviously far less 
expensive to carry the lighting load on the generator than to use 
up battery life, when the train 1s operating at such speed and 
under such conditions as to permit the generator doing the work 
instead of the battery. 

In Figs. 5 and 6 are shown two sections of curves from record- 
ing ammeters and voltmeters obtained on a Pullman car орега- 
ting on a large and well known railway system of this country. 
In these figures and from the notations subjoined to them, will 
be seen the remarkably uniform results in battery operation 
obtained by the application of the ampere-hour meter control. 
The generator operates at charging voltage only sufficiently 
long to restore charge to the battery after each period of running 
below critical speed or stopping; and during the period of float- 
ing, the charge or discharge of the battery is practically negligible. 

It will also be noted from Fig. 7, showing a graphic record of 
generator output in watts with this method of control, that the 
generator is carrying the lighting load during the greater portion 
of the time that this load is on, and during the balance of the 
time, in the early morning and daylight hours, the generator is 
very lightly loaded, as the battery is floating, practically no 
lighting load is on and there is thus a great economy in power 
consumption by the several generators on a train, as well as theim- 
proved battery maintenance already referred to. "This considera- 
tion alone is of great importance to railroad companies, as it is well 
known that the total consumption of energy for 10 or 12 axle 
generators, as on almost any through train, amounts to a large 
amount in dollars and cents in the course of a year. With meth- 
ods of voltage control as formerly used, it would have been 
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simply impossible to get a curve of operation duplicating or 
approaching those shown in Figs. 5, 6 and 7. 

In the course of the experiments conducted by the Pullman 
Company and several railroad companies during the past vear 
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to determine the conditions of battery operation before and after 
adoption of control of charge by ampere-hour meter, an interest- 
ing type of graphic recording meter was especially developed, 
this being a graphic ampere-hour meter, as shown in Fig. 9 with 
cover removed. 
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This instrument 1$ of particular interest, inasmuch as the graph: 
is of an integrated function instead of an instantaneous or mo- 
mentarily varying value. The record is obtained, as clearly 
indicated in the cut, by means of an ampere-hour meter suitably 
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connected through a driving chain toa pencil, B, moving across 
the paper chart and with another stationary pencil, C, arranged 
to be moved momentarily crosswise to a slight extent at half 
hour intervals, from the clock below, which also drives the paper 


roll. The meter as thus arranged gives a complete and definite - 


record of the treatment received by a storage battery with any 
axle generator system, the chart being a cumulative record of the 
total battery input or output in ampere-hours, having the meter 
adjusted for any percentage of overcharge which it is desired to 
adopt during the period of test. Some results on equipments 
with and without the ampere-hour meter control are shown in 
Figs. 10, 11, 12 and 13. 

Fig. 10 shows the record of battery charge and discharge on a 
car running between Boston and Chicago. It will be noted that 
when the car is not in motion the graph of the recording pencil 
is light, but as soon as the car begins to move, whether the equip- 
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ment is generating or not, the line becomes heavy. In this way 
practically all of the stops are indicated. 

The base line has no reference whatever to the battery capacity 
scale, but simply gives a base line from which values of charge 
and discharge can be measured. For the sake of illustration, 
we have assumed in the curve, Fig. 10, that the capacity of the 
battery when fully charged, as it was from 7:00 p.m. to the end 
of the run, is 320 ampere-hours. Since 1/16 of an inch equals 10 
ampere-hours the vertical scale can easily be figured and we have 
placed this scale at each end of the curve. The curve as re- 
corded by the meter, however, is simply the two heavy lines 
shown. In making the zinc etching the curve has been reduced 
to about half size. 

Fig. 10 shows that while standing in the yard there was a capac- 
ity of 215 ampere-hours in the battery. The run to the station 
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is shown by the heavy horizontal line and discharge now begins 
as shown by the downward curve of the line. Altogether en- 
route to and at the station the battery discharged 10 атреге- 
hours. As soon as the train left the station the battery started 
to charge and this 1s indicated bv an upward slope of the line; 
since this equipment was set for constant battery current regula- 
tion, the upward slope of this line is alwavs at the same angle. 
If this had been a constant generator current regulator this degree 
of slope would have varied, depending upon the charging current 
rate. 

It will be noted that at the stops during the day there was no 
discharge and the light lines, indicating stops, are horizontal. 
After sunset, however, it will be noted the light lines at all stops 
slope downward, this indicating a discharge at each stop. As 
soon as the equipment begins to generate again, however, the 
curve again begins its upward slope, indicating that the battery 
is charging at the constant rate of the regulator setting. It will 
be noted that at 7:00 p.m., indicated by a cross on the curve, 
Fig. 10, the battery has reached a full state of charge, and since 
this equipment was controlled by an ampere-hour meter of the 
variable resistor type, this meter, like the graphic meter, indicated 
a zero discharge and thereupon closed its zero contact, which 
stopped further charging of the battery. The battery then 
simply floated on the line, the generator carrving the load of 
whatever lamps happened to be in use at the time. It will be 
noted that there are various stops where a slight discharge 
occurred, but this was quickly replaced by normal operation of 
the equipment and the controlling meter again operated to stop 
further charge when the discharge plus 25 per cent had been 
put back into the battery. 

Fig. 11 is another curve which shows the operation of an axle 
generator car lighting system with the generator regulator ad- 
justed so as to provide constant battery current; the charge 
given the battery 15 controlled by an ampere-hour meter of the 
variable resistor type. As in Fig. 10 we find a very normal 
condition of affairs with the battery charging normally enroute, 
a few short discharges at stops, and finally coming to a state of 
full charge at 2:30 a.m., when the controlling ampere-hour meter 
operated to stop further charge, and so protect the battery from 
excessive overcharge. In Fig. 12 however, both the controlling 
ampcre-hour meter and the voltage regulating solenoid were 
purposely cut out of service and the equipment operated as on 
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а simple constant battery current control. This illustrates, of 
course, only abnormal conditions such as would be experienced 
in using a regulator of the constant current type without auxil- 
lary control of charge, or when the voltage regulating feature 
of the combination current-voltage regulation of equipments 
with the ampere-hour meter control failed to work. In this 
run it will be noted that a charge of 525 ampere-hours was given 
a 320.ampere-hour battery which at the start showed only a 
245-ampere-hour discharge. This indicates ап overcharge of 
(280 plus 25 per cent or) 350 ampere-hours, representing the full 
normal charging rate for nearly nine hours on this single run. 
When considering the effect of such serious overcharging on a 
battery it is not surprising that the average battery life in car 
lighting service has been so small in past years before the use cf 
voltage regulators, giving a taper charge, or the controlling 
ampere-hour came into use.. 

Fig. 13 shows another abnormal condition wherein the equip- 
ment failed to generate at the point marked “ X ” on the curve 
due either to lost belt which was not replaced or trouble in the 
equipment. It will be noted that there is a continual discharge 
on the battery from this point till the end of the run; this does 
not follow a straight line, but tapers more to the horizontal as 
the number of lamps in use is reduced. 

From the information obtained by the graphic ampere-hour 
meter as illustrated in these curves, it is quite evident that a 
greatly reduced battery maintenance and a vastly increased 
battery life—the two grcatest items of cost in the operation of 
electric lights on steam railway cars—may well be anticipated as 
a result of the application of control of charge by ampere-hour 
meter, operating in connection with existing axle generator sys- 
tems; and as improvements or modifications of these systems are 
developed, it will probably be the case, as 1s already true of two 
well-known companies manufacturing such equipments, that the 
ampere-hour meter control will be adopted as standard. Now 
that electric lighting of steam railroad cars has become universal, 
or at least universally desired, anything which tends to improve 
the uniformity of lighting and efficiency of such systems and to 
reduce the expense of operation cannot be neglected by engineers 
interested in this branch of the electrical art. 
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То be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17, 1915. 


Copyright 1915. · By A. I. Е. E. 
(Subject to final revision for the Transactions.) 


THE AUTOMATIC SWITCHBOARD TELEPHONE SYSTEM 
OF LOS ANGELES, CAL. 


BY W. LEE CAMPBELL 


ABSTRACT OF PAPER 


This paper narrates some of the history and describes the 
present automatic switchboard telephone system in the City 


of Los Angeles. | 
It describes how the system, which began to give service with 


one manual switchboard in the year 1902, has gradually been 
extended and transformed through several interesting stages 
of combined automatic and manual operation, until it now 
comprises 15 automatic offices and a traffic distributor switch- 
board which serve a total of 60,000 subscribers stations—the larg- 
est automatic switchboard system in the world. 

The layout of central offices in the present plant is shown in 
contrast with the layout of offices in the Bell telephone plant 
of ет the same size, operating in the same city. 

The traffic distributor switchboard used for handling the out- 
going calls from a large number of private branch exchange 
switchboards is the largest board of the kind in operation, includes 
thirty operators' positions and handles a heavy traffic. A 
general explanation is given of the equipment of the board, 
methods used in operating it and of the economies realized by 
means of it, 

Specially interesting and important features in handling the 
telephone business of a large metropolitan area like Los Angeles 
are the methods used in caring for calls for time and for informa- 
tion concerning subscribers’ numbers, addresses, etc., and for 
answering subscribers’ complaints and calls for long distance 
connections. All of these methods are discussed at some length. 

The paper closes with a concise statement of the practise of 
ford рде ұдды of adjustment and performance for securing uni- 
thi У good service from the automatic Separates scattered over 
inka of about two hundred square miles and handling from 

000 to 600,000 calls each week day. 


A! THOUGH telephone plants using automatic switch- 
“ards аге now scattered through nearly all of the civil- 
qd countries of the world, and are yearly increasing in number, 
16у are still а novelty to many electrical and some telephone 
жи ‘Tt is thought, therefore, that a description of an 
їл. matic ec System serving a large metropolitan area like that of 
"The Jine » California, may prove of interest. 
0000108840 telephone system, owned and operated by the 
Manuscript of this paper was received July 15, 1915. 
1847 
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Home Telephone & Telegraph Company in the city of Los 
Angeles, is remarkable in several particulars. . 

1. Starting as a manual switchboard system, it has passed 
through several interesting stages of combined Automatic and 
manual operation. 

2. It has had an extremely rapid growth, in order to keep 
pace with the growth of the city. 

3. It is now the largest plant operating in competition with 
the Bell System. 

4. It is the largest automatic switchboard plant in the 
world. 

5. It embodies the largest and busiest semi-automatic switch- 
board of the traffic distributor type. 

6. It includes an unusually large number of private branch 
exchanges for a plant of its size. 


EARLY HISTORY 


The Home Telephone & Telegraph Company began service 
in 1902 with a manual system using a common-battery, two-wire- 
multiple switchboard with an ultimate capacity of 18,000 lines, 
of which 7000 were at once to be put into service. This board 
was at that time the very latest development in manual tele- 
phony and it was supposed that it would take care of the '' in- 
dependent " telephone service in Los Angeles for some time to 
come. But the officers of the company had greatly underesti- 
mated the requirements, for the subscription list grew so rapidly 
that within two years after the beginning of service 10,000 lines 
were in use and the demand for service was so great that it be- 
came evident that only the business district and a portion of the 
residence district in the south and west sections of the city could 
be accommodated by the equipment. 

In those days of comparatively small telephone plants, en- 
gineers of "independent ” telephone companies generally felt 
that all subscribers' lines in each city should be connected to one 
switchboard or at least to one central-office, but the engineers 
of the Los Angeles company soon concluded that the cost of 
connecting all lines in that rapidly growing city to either one 
switchboard or one central-office would be prohibitive. It was, 
therefore, decided to build a branch office in the south end of the 
city and thus relieve the main office of about 2000 lines. The 
building was erected with a view of installing manual equipment, 
but aíter investigating the successful automatic telephone 
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great territory to be covered, as shown by the distances in Figs. 
1 and 16, together with the enormous growth in population and 
the corresponding growth of telephone stations, as shown by the 
curves in Fig. 2, have made a comparatively large number of 
offices necessary in order to keep the cost of the outside plant 
within reasonable bounds. In Fig. 2 the ratio of curve А to 
curve B is 10 to 1, and the curves, therefore, show in a striking 
way how very closely that ratio between population and the 
Home Telephone Company's instruments has been maintained. 

The special suitability of automatic equipment to such а multi- 
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Fic. 2— CURVE А Suows GROWTH OF POPULATION OF Сїтү oF Los 
ANGELES FROM 1902 то 1915, AND CURVE В SHOWS THE GROWTH BY 
SUBSCRIBERS’ STATIONS OF THE HOME TELEPHONE AND TELEGRAPH 
COMPANY FOR THE SAME PERIOD 


office system is fully explained in a paper presented by the writer 
before the Institute in 1908. 

Type of Apparatus Used. It is deemed worthv of note, in 
passing, that in order to secure the advantages of the automatic 
system the Home Company had to take a very decided step 
backward in one particular, т. e., all of the larger manual switch- 
boards then being made, were of the common battery type, while 
the only automatic telephones available were of the older local 
battery type (see Fig. 3). During more recent years the auto- 
matic switchboards first installed in Los Angeles have all been 
remodeled to give common battery service, and many of the 
wall instruments have been remodeled into a smaller type similar 


FIG. 


9 
ә 


[CAMPBELL ] 


Fic. 6 


PLATE CXXI. 
Rod, Es Es 
VOL. XXXIV, NO. 8 


[CAMPBELL] 


- 
, к 
Е 
. 
ж 
LI 
Е 
> 
= - 
^os 
i қ 
" 
Soe 
LJ 
LO 
. 
4, 
у ` 
ЕС 
ж 
” 
»* e 
7 
ж- 
> 
.~ „Ды 
7 
% 
pt 3 
(D 
- 
4: z 
. 
. «^ 
*. 
P © 
' 
" 
Н 
. 
. 
.” 
ж ж 
ж 
a 
.. 
” . 
[XJ 
2 г. 
- - 
” і 
* 
' ” 
* 
” 
" 
. 
pho 
Е 
. 
<= 
о. 
" 
y > 
= E 
* 
. 
қ 
+ $ 
L? . 
= 
“йі ° 
" 
S 
г 
| 
% ” 
ы. 
% 
°' 
. . 
, 
s 
«4 
ый | » 
' 
Е “ 
' 
ж 
Е 
»* 


2 | | » - > 
- * . ” Т - &> } 
; = Е Е 
- 4 " + & * 
LI “ 
ы 5 2 = 
ж = 
“ - 
- е * т = 
2 4 * .* " ы 
” - > = 
ж ж Р. - - : 
' = Е 
- - » s “. 
, " "e * “ 
, . >= » 
ы a "t - +. " E 
- - * X 
2 ^ . 4! ч - 
ж % = ” ` n 4 а - 
= * zai е > 
- * 2 25 
"- е e * " = 
" ^^ * | = . ye 
> t " B. d re ү" 
" - * b E L р | Ds 
У .. . - p жо е” * А 
* ... x d 
е . 1 | A 
ə | ES + - + Dio _ 
<- 2 = yt | Shag $ “д *- = 
== ж è Ж = ra 
4 ж ” ae % s ` " I 
-. A ^ Е. ^. »" ed 3- j LS 
> =- 
е - B , Е 
» . - m Е е. 
< 3$ P? % - .. 
5 * ”{ d я > - 4” - .T* , 
- » г. D - ` . 
» > 
» 2 . . 24 к > 
2 Е ..27 ris ә» ч . 
* “ - 4. a „кё: "> < 
w * Е »* Р - 
“s > | uri 4 ... E 
ж , 
- e " ҮЗІ I | 
e ^ m.s 4 " , * кез L2 І 
" ы a т B 
» e ә 5 4, .м-6 
E - e . -”. н » 2 
- ` 4 * . 
d . 
. .. 4 % 4 T - LT. 
c » > I - -. ” x 
" 5 » 4 
IJ A е. e" ru 4 Е ас м . - 
| 8 я 
>. > e б 2: ? ч е 
> I= “ 
, ba á ш а T > - Е 
" ы ee е. do = > - 
& >! a “ б, 5-4 » ' 
“ b А 4 E 
z "^ » Ы „* 4 > 
е d t € > - _ > я LE % 
; n 5 Б Go‘ T % " N 1 
ж e “ А , 
>" e > ker 4 om " 
see 
* г: ‚А 4 “> 2 
5 ye Ша PS 
М. =. CE. " "m - - 
B » 2 ev a Ч y : 
к е, о С » 
e = ы м 
* 4 ` 4 
hat 4 T =, > 
° ” a” 
і 4,49. “ы 2598 436; 
" m [a р Е - “ 2 
4 x. 1 үз Y % » 4 + - 
. ө - > ” 
> > e " “ » 
EU 4 * ‘ т 
“. “= ` . 
ы i м 4 A n <. -. 
- » , - < ж 
» PR "я « .2 ore . » 
MI - ^ 
<. ` p" = 4 > 3 
” i % | ae Ф" I 
- 
> " 55 a "0. = а y^ | 
4 “ s 4 + 
" - з = » » 40 a .* = 5 
е - -> 
# | * , 
F “э i | 
d ы М . ” р - 4 
: у “ TE , - ? Че 
^ - “ - 
+ 4 „чь * i 4 - 2 » 
> . Ё л e ! - 
“ ““ - ^". 3 
e , о Б 
- е - a“ " = . * 
” > 
. е 3 
- „* ” ^" - ғ , d 
$ 8 Р -* 4“ -^ " ~ 
”. . 
^ .. v 94 M - 
„ “тат А "e. - уч 
> " ^ ТІ, Р n5 - е » 
- 
S . 
` с 57 Li > е r 
” “. > { 
d 47 Li 2“ -5 
4 е Ж UT 2TH 
= - 
i 2% ‘eo I 
* | " E E ж 2 
Р „= 4 . А i “ g - n 
ЧР , * . 
“ е - 
+ r n | > 
, ] j ө TE y .. 
“ г 
+ ! = ” 
? ^$ » »* " 4 4 - " 
а” s "» е. + , . 4 
ж ж = Ы 
a € LI 
Я E T, .. М % E > 7 » D 
. ` м d - 
- . ғ ” > 
- 
N " “. , ы Ld Е * ы 
` d ' 
. , .. sain р , 
tœ’ „* 4 | b 
Жам % С; ІР ‹ , 
л. Ж.Н, (зое 
Digitized Dy -J IRIE „у, 
e * в * ж у 


1915] CAMPBELL: AUTOMATIC TELEPHONE 1851 


to that illustrated in Fig. 4. The type of desk instrument used 
is shown in Fig. 5. The original apparatus required а calling 
party to push a button on his telephone to ring the called party, 
but recently much of the equipment has been remodeled to 
automatic ringing. қ 

While the telephone instruments -used іп Los Angeles are all 
of the " three-wire '' type and are somewhat less attractive in 
appearance than those of the latest ‘‘ two-wire ”' type, the ser- 
vice given to the subscribers is practically the same as that 
rendered by the latest automatic apparatus and is, at least, as 
well liked as that which the competing company is able to 
supply with modern, well operated manual switchboards. 

Fig. 6 is a view of the switchboards, for serving 4000 lines, as 
originally installed in the South office in 1904. This was before 
the days of Keith line switches and each line, therefore, termina- 
ted in a Strowger type first selector. Each of the ten racks in 
the thousand line group in the foreground of Fig. 6, carries one 
hundred first selectors, ten second selectors, ten third selectors 
and ten connectors. The functions of these switches have been 
explained in previous papers, and while brief mention will be 
made here of the method pursued in setting up connections 
between the automatic offices, it is felt that more interest will 
center in the methods of inter-connecting between the one 
manual office and the automatic offices. 
| The Numbering Scheme. Before explaining the system of call- 
ing, the numbering scheme should be outlined. All numbers 
used for complete automatic connections in Los Angeles had 
five digits. 
| As indicated in Fig. 1 the South office is the “2” office, i.e., 
it was arranged to accommodate the numbers from 21,000 to 
21: of which the numbers from 21,000 to 24,999 were then 

ed. 

Vernon is a branch of South and was designed to accommo- 
date the numbers from 29,000 to 29,999, of which the numbers 
29,000 to 29,399 were in use. 

The East exchange was designed to accommodate the num- 
bers from 31,000 to 38,999, of which the numbers from 31,000 
to 31,999 were in use. 


Highland Park is a branch of East and used the numbers 
39,000 to 39,399. 


Boyle’s Heights used the numbers from 41,000 to 41,799. 
West used 51,000 to 53,999. 
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Prospect Park, a branch of West, used the numbers from 
59,000 to 59,099. 

Inter-Connections between Automatic Offices. When setting 
up connections with apparatus of the early Los Angeles type, 
the first selector responds to the first movement of the dial 
and selects a trunk line to. the exchange corresponding to the 
first digit of the number being called. А subscriber, for in- 
stance, of South office (the 20,000 exchange) calling 2 as the 
first digit, will select a local trunk line in South office; if he calls 
3, he will select an inter-office trunk to East office (the 30,000 
exchange) or if he calls 4 he will select a trunk to Boyle’s Heights 
office (the 40,000 exchange). The second turning of the dial 
actuates the second selector to pick out the thousand group 
in the exchange or its branch office. The third movement in 
like manner picks out the hundred. The fourth and fifth move- 
ments pick out respectively the tens and units on the connector 
switch. Suppose now a subscriber in the South office wishes 
to call No. 39,143, which is in the Highland Park office. The 
first movement of the dial operates a first selector in the South 
office which selects a trunk line to East office. The second 
movement is utilized in the East office by a second selector 
which extends the connection over a trunk line to Highland 
Park office where the call is completed in the regular manner, 
by a third selector and a connector. Impulse repeaters were 
used on the inter-office trunks as in present practise. 

Automatic to Manual Connections. Any automatic subscriber 
wishing to call a number in the manual district turned his dial 
from finger hole 1 which was marked MAIN on all dials (see 
Fig. 3), and pressed the ringing button; this operated a first 
selector which selected a trunk line ending in a cord and plug 
on the Main office switchboard and signaled an А operator, 
who, by throwing a key, put out the signal light and connected 
herself with the automatic subscriber. Then, ascertaining the 
number wanted, she plugged into a multiple jack of the called 
line and rung the subscriber. When the calling subscriber 
hung up his receiver the first selector released, freeing the 
trunk, and when both subscribers had replaced their receivers, 
supervisory lamps gave the disconnect signal to the operator. 
Each operator handled thirtv trunks, to which six hundred 
automatic subscribers had access. 

A connection of the character just described is illustrated 
in Fig. 7. 


_ 
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Manual to automatic connections. Besides the twelve incom- 
ing trunk positions at Main office, there were four outgoing 
trunk positions and a trunk multiple which enabled any oper- 
ator in Main office to trunk a call to an outlying office. When 
amanual subscriber wanted to call an automatic number, 
say 24,425, which is in the South exchange, he removed hi 
receiver from its hook and asked central for the number. The 
operator used an order wire to repeat the number to an operato: 


оли оюк 1 | MAIN ОРРСІ 
GUTOMAN —; ! (MANUAL) 


Fic. 7—CoNNECTION FROM SOUTH OFFICE TO MAIN 


at a switching section or B board in the South office, who as- 
signed a trunk line, put up the connection and rung the sub- 
Scriber. Both operators had double supervision, that is, they 
could tell when either or both subscribers hung up their re- 
ceivers. At the automatic end, іп the South office, the switch. 
mg or manually operated B board was used for handling trunk 
calls from Main only and the lines from all automatic sub 
scribers to the exchange were multipled through it. There wa 


ten оло ! оин ornce 
= П сс |ә» «жә — «өше » | 
о | то Pamati могы | © 
AND THENCE TO О) 
CUT OFF RELAY OF Ss 
, CALLED UNE CALLED 
м. сааи А: GPERATOR EXTENDS CONNECTION "B OPERATOR EXTENOS CONNECTION SUBSCRIBES 
ке FROM CALLING LINE TO (DLE TRUNK ТО TO CALLED UNE AND COMPLETES LOCAL ЗТАПОМ 
SOUTH OFFICE. TRUNK АЗФЮМЕО OVER CIRCUIT WHICH CUTS OFF CALLED PARTY < (AUTOMATIC) 
ORDER MAC BY -ir OPERATOR. FIRST SELECTOR AND ESTABLISHES А 
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dns test so that when an operator had made a connection 
nr line, it could not be called by an-operator ag 
tia ыо" от by another automatic subscriber, and vice 
is E f а connector switch had completed a connection to 
Such at line tested ‘“‘ busy " to the B board operators. | 

office ic Men from the manual office to an automatic 
5. ustrated by the diagram in Fig. 8, and is evidently 

ormıty with regular manual practise, with the added 


fea А ; ; 
ture of the inter-working busy test in the automatic office. 
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B boards of the character outlined were installed in South, 
West, East and Boyle’s Heights offices, but calls to Highland, 
Vernon and Prospect Park were handled automatically from 
the four outgoing trunk postions at Main. These positions 


were used, also, to call into the larger automatic offices at night | 


or at times when the traffic would not warrant having operators 
at their switching sections. In the Main office there were 
order wires from every А position to the four outgoing trunk 
operators. There was also a trunking multiple at each posi- 
tion on the board which ended in cords and plugs at the trunk 
operators! positions. At the outgoing trunk positions the 
trunk lines to the different offices ended in jacks. 

Suppose a manual subscriber wanted to call an automatic 
number, 39,225, which is in the Highland Park office. When 
he took his receiver off the hook, the operator responded and 
ascertained the number wanted; she then used the first order 


| EAST OFFICE po 
CONNECTOR 


= T рая 2nd SELECTOR | ив SELECTOR 
кп, - INTER Of ict 
|| vega TRUNR 

TATION 

Bc (AUTOMATIC) 


Fic. ND е CONNECTION FROM MAIN OFFICE TO HIGHLAND PARK 
OFFICE 


wire that was not busy and repeated the number to a trunk 
operator, who assigned the trunk to be used, plugged into a 
trunk line to the East office and, with a calling device, called 
9225. The first number of the call was omitted because the 
operator performed the function of the first selector, that of 
selecting a trunk line to the exchange, when she plugged into 
the proper jack. Calling 9 operated a second selector in the 
East office which selected a trunk line to Highland Park, where 
the call was completed in the regular manner by a third selector 
and a connector. Suitable supervisory signals were provided 
for the guidance of the operators. Such a connection is illus- 
trated in Fig. 9. 

Of course, the subscribers of the Home company were not 
acquainted with the steps taken in securing their connections. 
The manual subscribers knew only that they must make their 
calls orally, using their telephones as they had been in the habit 
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of doing, and that thev secured their numbers. Automatic 
subscribers understood equally as well that all numbers below 
20,000 were called through operators, who were secured by 
dialing number 1. 

The automatic subscribers calling automatic numbers dialed 
their calls in the way usual with the automatic telephone and 
without knowledge of the offices or mechanisms concerned. 
The telephone directory made plain to the users which were 
manual and which were automatic numbers. 

Later Method of making Automatic to Manual Connections. 
While the arrangement illustrated in Fig. 7 and already de- 
scribed for handling calls from the automatic offices to the 
manual gave good service, it was slower and more expensive 
than full automatic service, and therefore, after about two 
years of operation, by which time the number of automatic 
lines had increased greatlv, it was decided to install equipment 
which would enable the automatic subscribers 
to complete connections automatically to all 
manual subscribers’ stations excepting those 
connected to private-branch exchanges. 

This was accomplished by ending the trunks 
incoming from the various automatic offices, 
in second selector switches installed at Main 
effice. The bank levels 1 to 9 of these second 
Selectors were used to call third selectors, which in turn ex- 
tended connections to connectors. The banks of these con- 
nector switches were multipled to all the manual lines in Main 
office, excepting the trunks to private-branch exchanges. All 
Main office numbers from 1000 to 9999 were made into the 
five digit numbers required for automatic working by prefix- 
ing the letter A before them. On the calling devices the letter 
A was printed beside the figure 1 (see Fig. 10) so that it took 
the place of the old word Main in the operating instructions. 

When this apparatus had been installed at Main office, 
oda subscribers secured all of their connections as beforc, 
TE: subscriber who wanted any Main office in- 
sited со simply spelled out on his calling device the de- 
Does ded a number and secured connection, without an 

‚ Just as if the wanted party had an automatic 


Fic. 10 


tel 

ш An interworking busy test such as that already 
Honed as being used between the В board and the auto- 

Matic swit 


Chboard in each of the various automatic offices, 
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was used between the connector switch banks and the multiple 
of the manual board in Main office. | 
To secure connection to а private-branch exchange (Р.В.Х.) 
trunk, automatic subscribers were instructed to call 10. The 
figure “1” caused a calling party's first selector to connect 
his line to an idle trunk to Main office, where a second selector 
was operated in response to the “О” and extended the con- 
nection to an operator, who took the calling party's order and 
completed the connection, by plugging into the jack of a trunk. 
line to the desired private-branch exchange. 


MAIN OFFICE ABANDONED 


The next step in the transformation of the system, resulted 
in the elimination of Main office. This was accomplished by 
establishing a new central office named Olive in a fire-proof 
building erected for the purpose five or six blocks from the 
old Main. Sufficient automatic apparatus, using Keith line 
switches of the early type then available, mounted on round 
uprights, (see Fig. 11) was installed in Olive office to accom- 
modate all of the individual subscribers’ lines terminating in 
Main office, and they were gradually switched over to it. A 
portion of the manual switchboard, thus freed, was moved to 
Olive Office to handle the P.B.X trunks in so far as calls in- 
coming from them were concerned, while. trunking connector 
switches were installed so that automatic subscribers from 
that time on made their connections automatically to Р.В.Х. 
trunks also. 

The company's headquarters were then moved to the Olive 
office building and the old Main office building was abandoned 
and sold. Тһе system was then full automatic with the excep- 
tion that a portion of the old manual board, transferred to 
Olive, as already mentioned, and a portion of the old B board 
at each of several of the larger automatic offices were still 
operated for handling calls from the numerous manual private- 
branch boards to thc automatic subscribers stations. These 
connections were set up by the methods illustrated in Figs. 8 
and 9, 1.е., the full manual method shown in Fig. 8 was used 
when a call was made during the rush hours for a line connected 
to an outlying automatic office equipped with a B board, while 
calls during less busy hours or to the smaller automatic offices 
were made with dials after the manner illustrated in Fig. 9. 

In order to permit this method of handling calls outgoing 
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from the P.B.X's. to be changed to automatic calling it would 
be necessary to put calling devices on all of the P.B.X. boards 
and to remodel some or all of their circuits, and the company 
felt that its organization and resources could be utilized more 
advantageously in meeting other demands. 

Since the system now serves six times as many stations as 
it did twelve years ago and much of the growth has been paid 
for out of earnings, it may be imagined easily that all available 
energy and money have been needed for taking care of enlarge- 
ments. 


General Plant Design. area tobe 


The ргеаф extent of the 
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covered has presented a continuous difficulty. For example, 
between South Pasadena and a small manual suburban office 
at Beverly Hills, two offices within the flat-rate unlimited ser- 
vice area, there are twenty-two miles of cable. To maintain 
a high standard of transmission, a portion of the South Pasa- 
dena trunk cable is made up of conductors of No. 16 B. & S. 
gage and is of special design. 

The maintenance of a high standard of transmission through- 
out the city has been made easier by the comparatively large 
number of offices used. Increasing the number of offices, 
shortens the average subscriber's connecting loop. In Fig. 12 
are shown the present offices of the Home Telephone & Tele- 
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graph Company and of the Pacific States Telephone & Tele- 
graph Company. The latter company serves about the same 
number of subscribers as the Home Company, and, of course, 
uses the Bell type of manual equipment. It has nine offices, 
where the Home Company has fifteen. The difference between 
automatic and manual practise is especially striking in the 
southern portion of the city, where the Home Company has 
six offices and the Bell company three. In outlving centers like 
Hollywood or Highlands, one office is necessary with either 
tvpe of equipment. 

Good, substantial, central-office buildings, especially suited 
for their purposes, have been erected by the Home Company. 
The Olive central-office and headquarters building is shown 
in Fig. 13, Adams office buildings in Fig. 14, and the verv 
simple tvpe of construction used for the smaller outlying offices 
is typified by the Vernon office building, illustrated in Fig. 15. 
Buildings of this economical character would not be suitable 
for manual switchboards with the requisite provisions for the 
convenience and comfort of the operators. 

The character of the outside plant construction is first class 
throughout the city. Cable is used as much as practicable, and 
all work is done in a large way with the future in mind. 


THE PRESENT PLANT 


A skeleton map of the plant as it stands at present is given in 
Fig. 16. Тһе system includes all of the original Automatic 
offices and a number of new ones, and serves over 60,000 sub- 
scribers’ stations. 

The number of P.B.X. switchboards is 601, averaging 27 
stations each and 33 trunk lines to Olive office. 

The approximate number of automatic lines and stations 
connected to each office is shown in Fig. 16 and the numbering 


scheme is as follows: 
f A-1000 to A-5999 
| F-1000 to Е-7999 
10.000 to 10,999 
and 
60.000 to 60.999 
) 21,000 to 25,999 
27.000 to 27.999 
26.000 to 26.399 
| 269.000 to 269,999 
28.000 to 29,999 


Olive Office West Office 


P.B.X. lines 


351.000 to 55.000 
356.000 to 5: 
56.100 to 56.709 
268.000 to 568,009 
269.000 to 569.999 
560.000 to 260.999 
57,000 to 57.800, 
579.000 to 57 9.990 
59.000 to 59.899 
599.000 to 599,999 


Wilshirc Oflicc 
South Office 


Vermont Office 


[ 
\ 
\ 
| 
| 
Hollywood Office | 
Prospect Office | 


Vernon Office 


East Office 
South Pasadena 
Highland Office 
Boyle Office 


31.000 to 31.999 
35 ООО to 35.999 
38,000 то 39.999 
41,000 to 41,999 


Adams Office 
Normandie 
Arlington Office 


71.000 to 75,999 
77.000 to 77,999 
79,000 to 79,999 
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It will be noted that in several of the smaller offices six digit 
numbers are now used, and it follows that some fourth selector 
switches have been installed in those offices. 

The dial number disk used at present is the same as that in 
Fig. 10, except that the words МАІМ and Гомс DISTANCE 
do not appear upon it. To save trunks, a three figure number 
is now used to call long distance, as mentioned further on. 

Types of Equipment. АП of the original automatic equipment 
and that installed at various times since the first installation 
is still in use although as already mentioned the circuits have 
been changed to common-battery designs and, recently, changes 


k 


72 


to Automatic ringing are in progress. Many of the first selectors 
originally used for line as well as trunking switches have been 
re-arranged for use as trunking switches only and the lines, 
which formerly terminated in them, now end in Keith line 
switches which have been installed more recently. A type of 
Keith line switch upright similar to that used for many of these 
changes and extensions is shown in Fig. 17. The use of these 
upnghts in place of the old Strowger switch uprights, shown in 
Fig. 6, reduces the floor space required per thousand lines of 
Switchboard about 40 per cent. 

The unit or " sectional-book-case '" designs used in the con- 
Struction of automatic switchboards have been of great help 
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in avoiding the sacrifice of any equipment in the many readjust- 
ments and enlargements of plant, which have been made neces- 
sary by the rapid growth of the city. 

Trunk Line Groups. Тһе numbers of trunk lines used be- 
tween the various offices is given in Fig. 18, which contains 
many interesting features to which lack of space forbids extended 
reference. 

Traffic. The traffic is quite heavy, averaging per week dav 
14 to 18 originating calls per automatic station connected to 
the Olive office, 7 to 9 calls per week day from each station 
connected to other Automatic offices and 5 to 6 calls from each 
of the 16,000 stations connected to manual private-branch 
exchanges. 

The average number of originating calls handled per day bv 
each P.B.X. trunk 1s about 37, which 15 50 per cent higher than 
the average experienced in full manual plants. It is thought that 
the increased efficiency 1$ partially due to the automatic setting 
up and disconnecting of calls incoming to the P.B.Xs., which 
shorten the time each such call occupies a trunk. 

The total trafic per week-day sums up to from 500,000 to 
600,000 calls, of which about 80,000 are from P.B.X. stations. 


The бемі-Астоматіс OR TRAFFIC DISTRIBUTOR EQUIPMENT 

A step in the direction of changing the Р.В.Х. trunk lines to 
full automatic sending was taken in 1914, by removing the last 
of the B boards from the Automatic offices and installing traffic 
distributor apparatus, consisting of Keith primary and secondary 
line switches in Olive office, between the main distributing frame 
and the А Board used for handling calls received via 
P.B.X. trunks. Іп other words, the answering jacks have 
been removed from this board, and each trunk. now ter- 
minates in a primary line switeh to the banks of which trunks 
to secondary line switches are multipled. Тһе banks of the 
secondary line switches are multipled to trunks ending in. cords 
and plugs in the А board. 

Therefore, when an operator at a Р.В.Х. inserts one of her 
‘атр plugs into а trunk-Jack, a primary and a secondary 
line switch at Olive office instantly switch that trunk into 
connection with an idle cord circuit before an idle А operator. 
If the call is for an Olive office subscriber or for another P.B.X., 
this А operator completes the connection Бу plugging into the 
multiple іп the usual wav, but if it is for a subscriber п any 
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of the other offices, she plugs into an automatic trunk and dials 
the desired number by using a calling device which is now a 


part of each operator's equipment. 
These automatic trunks end in first selectors in the Olive 


office so that the former plan of having the operators omit the 
first digit of the called number and manually select a trunk 
direct to the desired main exchange has been eliminated. Each 
operator has a set of non-multipled trunks to the first selectors 
and those switches automatically pick out idle inter-office 
trunks for her. 

The present method has increased the efficiency of the trunks 
and the accuracy of the dialing, while, at the same time, it has 
simplified the work of the operators, because they no longer 
have to mentally divide a number into two sections nor do they 
have to make a busy test on a trunk before using it. 

On account of certain engineering problems, calls to the out- 
lying offices are at the present time sent over special sets of 
trunks as indicated in Fig. 18; but it is planned to make changes, 
which will enable all such calls to be sent over the regular auto- 
matic trunks, and thus to considerably increase the inter- 
office trunk efficiency. | 

The line switches in which the incoming trunks from the 
P.B.Xs. terminate are arranged in groups of 25 cach and each 
such group has ten outgoing trunks to secondary line switches. 
The secondary line switches are arranged in groups of twenty, 
and each group has ten trunks leading to plug ending cord- 
circuits on the operators' positions. 

The line switches are of the latest two-wire type, with self- 
restoring plungers, and are wired especially for traffic distri- 
butor work. The pairs of relavs for the line switches are 
mounted under individual covers on a rack placed above the 
line switch shelves as shown in Fig. 19. 

Thirty operators' positions, are equipped with twenty cord 
circuits each and are more than sufficient to take care of the 
peak load from the 600 P.B.Xs. and 100 inter-communicating 
systems. 

The scheme of wiring each of the 10 trunks outgoing from 
any primary line switch group to a different secondary group, 
and of wiring each of the trunks outgoing from a secondary line 
switch group to a different operator's position, is such that a 
call coming from any P.B.X. trunk is switched to any one of 
the operators on duty who may be idle at the instant. 


` 
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The cord circuits are arranged for automatic ringing both 
on manual and automatic calls and double supervision is sup- 
plied. The cord circuits are so designed also that if a calling 
P.B.X. operator has had a connection established, and wishes 
to make another call or again secure an A operator for any 
reason, she can disconnect instantly by releasing the line switches 
and immediately come in on another cord circuit. This is pos- 
sible only after a connection has been established, for each call 
is locked until the A operator receiving it either completes the 
connection wanted or releases the call by means of a key. 

There cannot be more than one uncompleted consecutive 
call in front of any operator, that is, when any position has 
received a call it is immediately busied to all other calls, until the 
Operator throws the associated key into the ringing position. 

On account of the extremely heavy traffic experienced on 
the P.B.X. trunks, special provision had to be made for taking 
care of simultaneous originating calls. It was at first found 
that occasionally during rush periods two or three calls would 
appear simultaneously in front of an operator, and it was, there- 
fore, arranged so that the operator would answer only one of 
them and the others would be switched automatically to idle 
positions. To ensure instantaneous operators’ responses, the 
line signal lamp on each position is connected to apparatus 
Which transmits a mild buzz to the operators’ head-receiver. 
This buzz is cut off as soon as she throws an answering key. 

Provision is made for taking care of extreme peak periods 
by an arrangement of the primary master switches, which is 
such that when all the outgoing trunks from any group are 
busy either because of calls or lack of operators, the master 
switch will not continue to search for an idle trunk, but the 
call will be stored in the equipment until a trunk is available. 
Any Operator’s position is automatically made busy when she 
removes her talking-set plug from its jack. 

The Chief operator's desk is provided with supervisory signals, 
Which tell her at all times how many master switches or groups 
ot trunks are loaded to the limit. A supervisory lamp is pro- 
vided for every master switch, and by observing these lamps, 
the chief operator can always tell whether she has enough 
8115 at the switchboard to take care of the load. 

The traffic distributor has reduced the number of operators 
required at the peak load in Olive office from 41 to 30, and 
has eliminated five B operators’ positions formerly used in the 
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South, West and Adams offices. The engineer of the company 
estimates that the 30 operators' positions he has equipped will 
continue to be sufficient even when the business has grown 
considerably more. 

The curves in Fig. 20 show graphically what results have 
been obtained by the installation of this semi-automatic appar- 
atus. Curve A gives the number of un-equated calls handled 
by each А operator during a peg count taken in September 
1914, a month or two before the new equipment was put into 
service. Curve C shows the average number of calls dialed 
by B operators from the three dialing positions at Olive office 
to the smaller outlying offices, at the time of the peg count 
mentioned above. 
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Curve B shows the results in June 1915, with the traffic 
distributor in operation and the A operators dialing the calls 
(about 30 per cent of the total) to outlying offices. It is in- 
teresting to note that, in spite of the work of dialing, the average 
operator completes over 50 per cent more connections than 
she formerly did at the hour of peak load. Both before and 
after semi-automatic operation individual operators have been 
required frequently to exceed the average peak load. This 
excess sometimes ran as high as 50 per cent with the former 
arrangement, but now rarely exceeds 25 per cent. Neither 
September nor June are months of as heavy traffic as the winter 
months, but they represent average conditions fairly well. 
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The Home company’s engineer had all the cord-circuit relays 
assembled and wired in sets with one base for each cord circuit, 
so that each cord-circuit equipment looks like an Automatic 
switchboard repeater, is provided with a jack and is mounted 
on a regular repeater shelf. The cabling is so arranged that 
when the Company is ready to change the method of handling 
the Р.В.Х. trunks from semi- to full automatic, it will simply 
mean removing the present cord-circuits from their jacks and 
replacing them with repeaters designed to transmit impulses 
direct to first selector switches. 

All calls from any automatic telephones to the P.B.Xs. are 
handled automatically through rotary connectors, just as be- 
fore the traffic distributer wasinstalled. Аз already explained, 
all the P.B.X. trunks are multipled to the banks of these con- 
hectors, so that it is impossible for connectors to stop on trunks 
Which are in use either by a P.B.X. for outgoing calls there- 
from or by a traffic distributer operator on calls to P.B.Xs. 

These connector switches are of special design, for the circuit 
of each is such that if an automatic subscriber calls a P.B.X. 
and, when through talking, hangs up his receiver before the 
attendant at the Р.В.Х. removes her answering:plug from the 
trunk jack, his connection will not all be released, but, con- 
trary to the usual practise, the connector switch will remain 
Connected to the trunk until the attendant at the P.B.X. re- 
Moves the plug from the trunk jack. If it were not for this 
Provision, the line switch associated with the trunk would 
Operate, because of the plug being in the jack at the P.B.X. 
after the connector switch released, just as if the P.B. X. operator 
Were initiating a call. The result would be that a traffic dis- 
tributor Operator would receive a false signal. . 

To take care of the extremely heavy traffic, 44 connectors 
Bi ore for completing calls to each group of 100 P.B.X. 

Tunks, 


SPECIAL SERVICE FACILITIES 
| Calls for Time. The Home Company receives thousands of 
"quies daily for the time-of-day. 

The call-number for such service is F-91. This call switches 
each inquirer to an idle trunk which leads to the Home Com- 
Pany's own Р.В.Х. board, at which all such inquiries are an- 
Swered by the operator on duty. 

s these particular trunks are used for no other purpose, 
Operator answers a signal on any of them by throwing a 
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key and stating the hour and minute, without asking the caller 
what he wants. If several calls come in within a short period 
of time, thus occupying several trunks at once, she can speak 
to all of the inquirers at once. 

The P.B.X. operator had some spare time, so that she very 
readily handles this service at no inconvenience or additional 
cost to the company. 

Calls for Information. A party wanting connection to an 
information operator calls the number F-93, and by means 
of first, second and third selector switches is trunked to the 
information board which 1$ located in Olive office. 

All of the four to six thousand information calls made daily 
are handled on an eight-position switchboard and one call 
distributer position. The incoming information trunks termi- 
nate on the distributer position. There is an operator on this 
position during the busy hours of the day, and her work is to 
manually route the incoming information calls to idle informa- 
tion clerks. 

There are before her eight small groups of jacks connected 
to trunks to the eight different clerks’ positions, and, as the 
incoming information trunks end in plugs and cords, it is a 
comparatively easy matter for the distributing operator to 
plug the calls through as they come in, so that no clerk will 
have more than one unanswered call in front of her. This 
ensures practically instantaneous responses. At peak periods, 
when more than eight information calls may come in at once, 
the distributer operator herself answers the overflow calls by 
saying “ Information, just a moment, please." 

A calling subscriber when so answered, and even if he should 
have to wait 10 or 15 seconds for his information, is more sat- 
isfied than if he had to wait some time without being told he 
had reached the desired department. 

The distributer operator acts also as supervisor over the 
other information girls. Disconnection supervision is given 
on the distributer position and оп ‚the individual positions. 
During times of light load all the information trunks are plugged 
through to a few of the information positions, and the dis- 
tributer operator and any clerks, who are not required, are 
dispensed with. 

The information desk is four-sided with two clerks’ positions 
on each side and the distributer operator is at a separate desk. 
Every clerk’s postion is provided with an inter-leaved direc- 
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tory for use in supplying alphabetical information. In the 
center of this desk is a rotating-turret card-file which affords 
full numerical and geographical information for the whole 
plant and to which all clerks’ positions have ready access. 

Changed-number Service. This service is taken care of at 
the present time at five different district centers. At each of 
these centers there is a special test desk used for various pur- 
poses, and on this the changed-number trunks are terminated 
in different groups of jacks corresponding to the various classes 
of service, such as '' take-outs,”’ ‘‘ moves,” '' special refers,” etc. 

Recently the Home company has tried the experiment of 
connecting the switchboard terminals of “ take-outs,” те. 
subscribers whose telephones have been taken out, to a pair 
of busbars supplied with current which will produce a peculiar 
tone in the receiver of any party who may attempt to call 
such a line and who conseqüently will be automatically switched 
into connection with these busbars. 

It has been found that subscribers very quickly learn the 
meaning of such a tone, and in addition to the saving of attend- 
ant's hire, there is an advantage to the subscriber in that he 
will hear this tone in less time than if he had to wait for a clerk 
to respond. 

At one time, all the ‘‘ dead-level"' calls, i.e. calls for num- 
bers which have never been used, were answered by attendants, 
but it was found later to be much more satisfactory to supply 
this special tone on such connections, and that a subscriber 
calling an unused number either accidently or otherwise, would 
almost immediately, upon hearing the tone, hang up and call 
again. This latter scheme was adopted only after an extended 
series of tests had been made to determine the reasons for sub- 
scribers making dead-level calls. This showed that in very 
nearly all of such cases, the subscriber had transposed his 

sures ог in some other way confused the called number, and 
that when informed by the attendant that he had made a mis- 
take, he rarely repeated his error. ; 
Оп each changed-number position there appears also а mul- 
tiple of all the outgoing trunks from the office, and the attend- 
ant makes periodical tests on every inter-office trunk for im- 
= and conversation transmission efficiency. Іп several 
| ces the same girls do general record work also, and answer 

i calls Incoming to the office from company employees. 

This changed-number service is handled at five centers in- 
Stead of one, because it is possible to connect to one trunk only 
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a limited number of the lines, the calls for which require such 
service; and on account of the transient nature of a considerable 
. portion of the population of Los Angeles, especially during the 
tourist season, it would be necessary to use an excessive number 
of valuable inter-office cable pairs for the changed-number 
service if it were concentrated at one point. 

Complaint Service. The Complaint service call number is 
“O.” Complaints also are received at five district centers. 
A special feature in Los Angeles is the method for handling 
the so-called '' double-number ” complaints. Such complaints 
are peculiar to automatic plants, and in most cases are such 
calls as would be satisfied in a manual plant by the operator 
saying, " They don't answer" or “I am ringing them;" ог 
cases where a supervisor would be summoned to verify busy 
reports, etc. 

In Los Angeles, when a subscriber reports that he cannot get 
a wanted number, the complaint clerk immediately calls the 
number desired оп an outgoing trunk of her own. If she secures 
a response from the called party, she then directly switches the 
complaining party into connection with the called party via 
the trunk used by her. It has been found that in about 66 
per cent of the cases, the complaint clerk is able to get the 
wanted party. 

The complaint clerk is enabled also to cut in on any busy 
line to determine if it is ‘‘ busy " because it is actually in use 
or because the wanted party has left his earphone off its switch- 
hook. She has means also for testing on any “ no-response ”’ 
call to determine if the bell of the called station is actually being 
rung or not. 

At one time it was the general practise to have an experienced 
automatic switchboard attendant or tester respond to each of 
these complaints by asking the calling subscriber to dial the 
desired number under the supervision of the tester. This was 
for the purpose of detecting any possible disorder which might 
have caused the complaint, but inasmuch as the records showed 
that two-thirds of all such re-calls secured a response from the 
wanted party, and nearly all of the remainder failed because 
of legitimate conditions, such as absent subscribers, delayed 
responses or actually busy lines, it was concluded that this was 
a very inefficient method for the company, and resulted in much 
loss of time by calling parties. The present method was there- 
fore adopted. 

It was at first suggested that the subscribers might be inclined 
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to abuse the new method of handling such complaints; that is, 
that some might be inclined to call a complaint clerk and have 
her dial all of their numbers for them, but during eighteen 
months of close observation with the new method in use the 
‘“double-number " complaints have not exceeded the original 
number of 1 per 300 calls, or 1 per station per month. It is, 
of course, only logical that the fear of abuses should have been 
ungrounded, because telephone users almost invariably prefer 
to make their own connections. | 

Testing Lines and Subscribers Stations. | All of the outside plant 
testing and all dispatching of repair men is done at five district 
centers. At the one time, each of the fifteen individual offices 
handled all such work for its own district, but by combining the 
small districts into larger ones, it was found that the repairmen 
could be worked at much higher efficiency and that troubles 
were removed more quickly. 

Test-connector switches are installed in all the offices, so that 
by using his dial the wire-chief or line-tester, at each district 
center, can make immediate connection to any office and to any 
line therein that he may have occasion to test. 

This centralization of outside plant testing is of comparatively 
recent development and is thought to be especially practicable 
in automatic systems. It has been planned to combine some 
day the present five groups into two or possibly one. That 
has already been done in the routing and dispatching of service- 
tap crews, all such work being very satisfactorily handled from 
one desk in the Olive office. 

Method of Setting up Long-Distance Calls. The long-distance 
lines, to which the Home Telephone and Telegraph Company 
Connects, are owned and operated by the United States Long 
Distance Telephone & Telegraph Company and serve the com- 
mercial district about Los Angeles. They connect in the south 
with the automatic system at San Diego, run north 200 miles 
miles to Santa Maria and east to San Bernardino and Red 
Lands, | 

Los Angeles subscribers now secure Long-Distance by calling 
a three figure number, F-95. The first figure of this number 
ives а calling party an idle trunk to Olive office where the 
second digit actuates a second selector which picks out an idle 
trunk to a third selector. This third selector responds to the 

figure 5 by extending the connection to an idle cord circuit on 
the position of a recording operator, who takes the patron’s 
order in the way that is common practise everywhere and tells 
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him that he will be called when the wanted party has been se- 
scured. | | 

The only other feature peculiar to automatic practise in hand- 
ling such a connection is the work done by the line operator in 
calling the automatic subscriber when the party wanted by him 
isontheline. Allcalls from line operators for subscribers in the 
Olive office are completed by a switching or special B operator in 
Olive office, who has access to the full multiple of all lines which 
is used by the operators who handle the P.B.X. trunks. Calls 
for all other offices are completed by the long-distance operators 
themselves by means of dials. Each line operator has access to 
a certain number of outgoing trunks to first selector switches 
which are situated in the long distance office, and from the banks 
of these first selectors, trunks are run to the various main offices 
throughout the city, where they terminate in second selectors. 

Long-dtstance Automatic Calling. Not only do the Los 
Angeles automatic switches establish about half a million local 
connections daily, but practically all long-distance calls orgi- 
nating within fifty miles of the city and completed through 
the Home company’s plant are set up by these same switches 
in response to calling-devices which are installed upon the 
various long-distance boards in the surrounding territory, and 
manipulated by the operators presiding over them. In fact, 
one exchange one hundred miles from Los Angeles dials its 
calls to subscribers in that city. 

This method of setting up and taking down long-distance 
connections speeds up the service very decidedly and thereby 
increases both the patrons’ satisfaction and the efhciency and 
earning power of the long-distance lines. One does not realize 
how very important speed is in a territory served like this by 
competing long-distance. lines, until he learns that it is fairly 
common practise for a busy patron to order up a desired con- 
nection over both lines, to talk over the one which is ready 
first and to cancel the order given to the slower competitor. 

Flexibility of the System. The various kinds of service men- 
tioned in the foregoing pages, and others such as fire calls, 
police calls, etc. to which reference might have been made, 
show how flexible is automatic switching equipment and how 
well adapted to fulfill the requirements of modern telephone 
service; otherwise it would not have been possible to gradually 
build up, in the face of the keenest competition, the great 
successful system serving the people of Los Angeles. 

Proper Standards Ensure Good Service. When one not thoroughly 
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initiated into the mysteries of Automatic telephony is informed 
that for an average automatic connection in a system like 
that in Los Angeles, the selector and connector switches per- 
form fifty separate and distinct operations, making a total of 
over twenty-one million per day for the system, and that if 
the mechanisms fail in one of these operations, some patron 
fails to secure the party he calls, the novice wonders that any 
individual or organization ever had the temerity to attempt 
to supply telephone service automatically. In fact, he is in- 
clined to accept without question the statement, of an old, 
dyed-in-the-wool manual telephone engineer, who upon first 
hearing of an automatic switchboard, exclaimed, “ God never 
intended that telephone service should be given in that way." 
But as one becomes somewhat better acquainted with the ap- 
paratus he begins to understand that the selector and con- 
nector switches are all alike in most of their. mechanical features 
and are each constructed and adjusted to operate beyond 
certain limits of line resistance, capacity, inductance and leak- 
age, which are entirely feasible and practicable. These limits 
are no narrower in the automatic svstem than they are in 


manual systems, and, in truth, the mechanisms readily operate : 


beyond the limits which are necessary to keep the transmission 
of conversation up to a reasonably good standard. Therefore, 
although every connector switch in the Los Angeles system 
must be ready to respond at any time to impulses sent from 
the calling device of any one of the 45,000 automatic telephones, 
Scattered all over an area of about 200 square miles, no serious 
difficulty and no element of chance is encountered. Nor is it 
necessary or possible to adjust each switch to the various 
lines, On the contrary, the switches are not adjusted to the 
lines at all, but to certain standard, artificial lines whose char- 
acteristics are more severe than those of any of the real lines 
in the entire system. Thus by the use of a few easily attained 
Standards, an operating problem, which appears at first glance 
‘to be very complex and mysterious, becomes so simple that 
When attacked by the efficient, well supervised organization 
of the Home Telephone & Telegraph Company the result is 
чпехсейей telephone service—a result much appreciated in 
the commercial and social life of the city of Los Angeles. 

I wish hereby to express publicly my indebtedness to Mr. 
Leo Keller, chief engineer of the Home company for 
his valuable assistance in supplying data for this paper. 
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CONDITIONS AFFECTING THE SUCCESS OF MAIN 
LINE ELECTRIFICATION 


BY W. S. MURRAY 


ABSTRACT OF PAPER 

In this paper are laid down the conditions affecting the suc- 
cess, for both the public and the railroad, of a main line elec- 
trification project, as they have developed in the author's ex- 
perience with the New Haven 11,000-volt, 25-cycle, single- 
phase, overhead contact system. Reliability of service and 
comfort and cleanliness in operation constitute success from 
the point of view of the public, while the railroad requires, in 
addition, economic success. Success is dependent, apart from 
the engineering, construction, and operating features, entirely 
upon the density of traffic. 

A commercially successful electrification is one which cuts 
the operating expenses of steam-operated territory it has re- 
placed to a figure such that the savings effected are sufficient 
to justify the investment. The savings in operating expenses 
made by electrification are, in the order of their importance: 
saving in fuel; saving in motive-power maintenance and re- 
pairs; saving in train-miles. 

As specimens of the reliable data being obtained from the 
operation of the New Haven system, statistics from a recent 
monthly operating report are presented in tables as follows: 

1. The amount, distribution and cost of electric power 
generated at Cos Cob station. 

2. Statistics and operating costs of clectric passenger service. 

3. Statistics and operating costs of electric freight service. 

4. Statistics covering line and equipment failures. 

Tables are also presented showing construction costs for 
catenary construction of different types, including anchor and 
sectionalizing bridges. | 


EFORE touching upon the conditions affecting the success 

of main line electrification, perhaps it would be best to 

address ourselves to the question as to what constitutes success. 

A successful electrification may be considered as such from 

several viewpoints, and this leads to the necessity of a clear 

understanding with regard to projected results, both on the 
part of the railroad and the public. 

A successful electrification means, of course, successful trans- 
portation by electric motive power. Classifying success into 
its broadest terms, an electrification may be: 

1. A success for the public. 

2. A success for the railroad. 

3. A success for both the public and the railroad. 
1873 
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Naturally the greatest objective is the attainment of No. 3 of 
the above classification. 

The railroad is vitally interested in the pronouncement by 
the people as to whether its electrification 1s successful or not, 
and,-while the viewpoint of the railroad is identical with that 
of the people throughout their range of vision, looking at it, 
however, from the purely railroad side, a successful electrifica- 
tion, besides this, must answer the dictates of good business, 
which in turn are governed by the rules of economic consideration. 

In latter times the tremendously decreased gross earnings 
and a complementary incrcase in operating expenses have so 
greatly reduced the net incomes of the railroads that the public 
have awakened to the fact that they are staggering under a 
financial load which, if not modified or alleviated in some way, 
will shortly make receivership the rule rather than the exception. 

A few years ago a movement was started by the public to 
require the railroads to electrify, this being directed towards 
roads of large size with their attendant city yards and terminals. 
There were two principal and logical factors against the justice 
of this demand, the first being that at that time there was very 
little statistical information as to form, application, and eco- 
nomic result of electrification; and, second, due to the extremely 
grave financial situation as above described, it was patent that 
the railroads could not possibly carry the increased financial 
obligations that such a demand necessitated. The public were 
thus brought face to face with the undeniable conclusion that 
they were demanding something impossible, and so there has 
been a pause on their part, which has indeed been gratefully re- 
ceived by the railroads of this country. Let it be said that this 
very pause will later shed its dividends over many, for during 
this time the few railroads that had committed themselves to 
electrification have had an opportunity to study it in all of its 
important details and ramifications, and later, after an adjust- 
ment has been made whereby the solvency of the railroads of 
this country is guaranteed by a proper relation between trans- 
portation rates and operating expenses necessary to the safe 
conduct of their business, with enough left over to provide a 
reasonable return on a fair valuation of the property in use, 
then, and only then, will the railroad companies be able to 
do what today they cannot, namely, attract new capital required 
for electrification; and so, while a reference to this matter may 
be slightly off the subject of this paper, yet I cannot but take this 
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Fic. 1—Four-TRACK TANGENT COMPOUND CATENARY CONSTRUCTION 

Showing anchor bridge in the immediate foreground, with sectionalizing switches in- 
stalled thereon. Signal tower is seen at the right of the tracks, and from this tower sec- 
tionalizing switches are controlled. Note also crossover under anchor bridge, with its 
overhead contact wire. 
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Fic. 2--5іх-Тваск TANGENT COMPOUND CATENARY CONSTRUCTION 

Showing electric freight locomotive and train. Freight trains are operated between 
Harlem River and New Haven. the normal maximum tonnage of which may be, with 
double locomotive and multiple-unit control, up to 3150 tons. The introduction of 
freight hauled by electricity has permitted the division to increase the steam tonnage 
rating twice, reduce time by 33 per cent and train crew expenses to one-half. 


= ” ғ : = > 
e * И » ы 2 Бы =” та 5 F 
. ы - ө че , ы” " 
% а ы Д = i pom à 
е е Р E 
B ғ қ” ut »c т e pA M 
. « - 
* ü * P = S 
` . А 1 ” " . - 
- Li “ ij 
- - E - > 
. ” : - 
é е = * A P 4 ” - = Pig 
. . “ и 
, Md - .® ә = = ы . 
, . = . Ж” ы E .. 
" 41 . ~~ қ " - ы " = Аже» ? ы 
.. . - ‘ UN ын” < " - - 
" ” ae » . 3 Ар. » 4 
* «ЕЗГЕ. ж > % > : Р ‘à е 
. ? 2 Ж в. - LI 
^s ә - * ы ы ” T S 
... - ^ . B ^ 
м . ' e LJ . а a . “ 
LI “ - - 4 
e * 4. ы ` 2.19 a- > 
> Ж - А ч ^. = . Li м РА | Р А É T а > 
“о 4 - ғ. - 
* . - ы - — . м .. ы . "d 
- : e n е” ы 
-A B... ` = . 
ә 2 a” a » » 
E . "e “ a . = . 2-1 
3 С, еса a” Gre P © et 
ә - E LI Ж 
* °- i .. “Ж А - 
' . » * ` . .. ` a „+ 
i rur ЗЫР” r & 3 ^ d i E 
= й » = m ә . . : 
e . . "ЧЕ ЗЕ ME -. . dE + э. 
LI .U Е >. .ә hd =” 
{ - > и“ . е jë - E ші ч” -= 
. . е 4 з 
> ee . . 
5 ы . Е E € e А ы „ „= 
. * = > ` 2 ы 5,2-4 
. LEE = . 56 К - g^ е - Ф. * » 
. дж 2.” . . са, д. > = S в -. 
as. М > г е 2 ” $ - Р 
i . - . а " ELI ^ 
А * .. ^. ай, 3 EM ? . Г] - э . 
g г + Є. .. . - -. 7 
Ы з 1 . 
а А .% ы р» . е ò - p°?’ - 
. к ТЫ "MN. В ep” а ; 
rm e я ты m ES a ға 
e ô - 4 PH. a 5 “АЛ” Eo 
4 = 2 - . bgp ò 
А . . - Ы v >. ы - - 
3 at : pe 7 a tag Sr ~. 
LI ы . LJ 
е 4 EET . ^ ae гч - - 4 .. 
^ $i. ө " LI E . 1 ‘ . - 
» Е м-- ы -. "OPE - Е e * P , 
Б) H F ji? Ё: a? қ .. . 3 e : + > 
> * Ы m гу - 
4% LI se te meg ” , 
-> - 
Ф.е 9 . әз » ..2 ! , . < .. 
о. L- s) x Жа . ^ " А . e pa E 
LI 4 . ^а ” Г = pz 4 7. ”- 2. - 
MET | > ee a Ln азе" “Т”. 25 
E ' ю: 4 
a * Е г. : "а 29 а * ә Ч . 
, . > » e's = e ге 
b PL - . ні a P ЕТ) a7 5-4 got »- ae m 
В 6 e ә 222% Ы e . 
.2 E R “< 17 sf т 
“ , w . . . өт? - J "Se a" 
LJ ы - ж € к ? . $ p» 7-7. .. Ф LI 
е .. ` .. Б . у” % = hd * е . 
м è E ч Z2 -- А on в 2 
‘ 2 . d - м 
А г я . . . р " ©. o° , % 
© ы .-” №. m IE qe Jr 
- ' * м <4 * ъ- чё)... м E^ va 
; * 7 Ше” .. М Ы è Ы 
* - > ” . B 
Ji - ze c^ ы ? - е ғ - ; 7 . 
$ ^ zo. um Pees Bc. 2 44 а ы. Б b x LJ 
. á . “ - . m . 
' s - zw ., = А А d > е 
. ~ . - 
^ Р UE — . ъ А 2L. 
P PL > 4477 ы . > & .“, - 
а” : тә е. 2% А, .. " жа 
s » .. > с ИВ "s E шы = BP oa 
А , є. / е E Д T Р] ә - “. . 
LS , пча *. ЖЕҢЕ. . a auo % 
* Fe > > s 2. б: . p - è 
.. қ . 
i ‚ 2- 1*. А e m е ~ » 
. . . 
. . FE a * i ` * <a) ® Ys 
M е "obe 38 *. : % E R РУР 
, LI » ~ 3 `В 4 ФА 7275. 5 Pig 9 
! К E $a ae P S T, o hs 
> ` 4: 9 E = . © с > 
А 5 e Y. ^ - . ^ е Т i N- 
: LN "um " ou е е а M i 
LES "E 4 | . а е Я 7 , E 
$ . `. X . T е 
! ^ oe " . . " 1 эе, _* . Ж = ч 
4 . - а” ы ғы өте 
, . е . т и в ^ е , КР 
+ $ ГЕ ata = : E 
i . « > .8 
ч E LJ ..” " % E * т » k 
Жж ы м 9 + “ А * - 
. > . : м 
ж > ^. . t. е ы b P. « 
” В < E . .. è Ы = - 
. е . “ . Кш 
М , Е н Г] ` ^ xi Е + > 
ry . EE ы ^X у. ы. ^ UT ris à 
* " ‘ . LJ “ч E 
fe: h uk : ч TF = 
'e ж ә үл 5 > -. 
æ +- . 1. % . Ы 
. е ч 
М m . “ t > * қ 
» x F a ^. - 7 ТМ 7 
- . 
.. “ . e = 5 e` 
é LI 
t 4 ы ~ , EM. > 6» 6.4 ы is. 7 ө 
e 2 b. AP . 2. 4 ( 
. . S Ч . å >. ба ~ “. 
‹ е . `b - TY » . - 
9 ы . И 0 Тл... . 
М” ` i" xm Ts: 7% 4 . Ф 
* . - > e . . . + 
> ТАЛ. . 
1 . `’ ы & ? > 
е е: .. ы y а - 
” . è 2а . В ' 
. 7 * е. ^ " J » = 
. M ` ы * Е" ы е. ә 
ЫД" ` Ы е . м 
i* ы “ . - - . | 
е ‘ ө * ~ * 
i . . ‘© N LI “ . » 
- pes cu ШШШ 7 
. | 4 : , : 
` = AY d е” “%4- . 
' í . .. ы 
' - “:. "е @ . Ж” „Ды 
*. . * . . ғ > . 97 ae 
* ” е, Ө ‘ ы 
. » , 
., LIE 7 2.” РА... m Р . . ө 5 
% "қы ” ames . 
* Li » ^" "n . 
"du E & .9 4 " 
к y = е Ж. ЖЕ а T 
è Š М ш . . " + x. 24. . 
`` LI . . % 2 - ~ 
. М а .% . , LI е 
% . го e - - . , 
" . . N - 4 . 
+ * LI Ы > 
ш E Dx S E . ы 
e . Е}. | t > 
. a 1 ы weri . ' . е » 
Ы * 
з ” . . + se. ^ : : - œ 4 а А 
LI 
, 5 ЁЎ 6 47 ae Ух 
А e LI . “ 
.. 
e * E ED 
* . - - * * 


ЕТТЕ Google 


1915] MURRAY: MAIN LINE ELECTRIFICATION 1875 


opportunity to say in the abstract that this is indeed an im- 
portant condition precedent to successful electrification. 

The pause has given us a chance to learn many things about 
electrification. I do'not believe that I would be conveying in- 
formation to many who have studied the subject to say that 
there are probably one hundred places at this moment where 
conditions are such as to ensure successful electrification. For 
example, there is one situation I have in mind where an ex- 
penditure of $5,000,000 would yield beyond peradventure a 
return of 20 per cent—this as measured against the present steam 
operation of the territory contemplated for electrification; and 
yet in the same breath it might be said that if the yield could 
be shown to be 40 per cent instead of 20 per cent the electrifica- 
tion of that territory would Бе denied, and rightly, too. Why? 
Because, for roads sufficiently large to consider electrification, 
a sum of this size is small in comparison to their existing capital 
investment, and a proper relation must first be established bé- 
tween capital already invested and the return upon it before 
further charges against capital account are made, no matter 
how attractive the return on the proposed betterment may be. 

Quite a number of trunk line railroads, both in this country 
and abroad, have been studying electrification. The New York, 
New Haven and Hartford Railroad has not only been studying 
it most carefully, but has also had the opportunity of assembling 
data from the practical experience of operation with a range 
of application that includes all classes of transportation. Millions 
of ton-miles in these several services have been actually recorded 
in the logs of the road’s operation. In passenger service alone 
for the vear 1913, 2,182,000 electric passenger locomotive-miles 
were recorded, which alone would represent approximately 
600,000,000 ton-miles. The part of the New Haven svstem 
that has been electrified constitutes its most important division, 
extending from New Haven to New York, and on its main line, 
yards, sidings, and spurs every class of railroad movement is 
being daily made by electricity. A brief physical description 
of this division may be as follows: 

Route mileage electrified, 73 miles, of which 61 is of four 
tracks and 12 of six tracks, thus giving a total main line mileage, 
measured in single track, of 316. To this may be added 184 
miles of yards, sidings, and spurs, thus making a grand total, 
measured upon a single-track basis, of 500 miles. It is of in- 


terest to note that of the yards enue one includes 35 miles, 
the other 25 miles. 
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Electric power is supplied to this extensive mileage from a 
single station, centrally located, but which, in a short time, will 
be supplemented by other supplies to be applied at the east and 
west ends of the electrification zone. There are 100 passenger, 
freight, and switching electric locomotives, and 69 multiple-unit 
cars. One main electrical shop has been completed, the capacity 
of which permits the maintenance and repairs of the above- 
mentioned electric motive power. Facilities for inspection of 
electrical equipment are also provided at various points in the 
electrification zone, the more important points being, of course, 
at termini. 

To date, over $15,000,000 has been expended on this elec- 
trical transportation plant as above described. While sucha 
figure represents the cash outlay, they have accrued to its appro- 
priation accounts, during the process of construction, large credits 
for steam equipment replaced, as, for example, the 150 steam 
locomotives which have been transferred to other parts of the 
New Haven system, and the steel bodies of the multiple-unit 
equipment, which would have been purchased even had not the 
electrification been undertaken. 

Descriptive of the electric movement on the New Haven 
electrification zone, the following facts with regard to passenger, 
freight, and switching service may be of interest: 

Passenger. At the present time all passenger service west 
of Stamford, Conn., is electrically operated. For the winter 
time-table now in effect, excluding Sundays, the schedule calls 
for 68 trains per day into Grand Central Terminal, two through 
trains terminating in Harlem River Station and the same number 
of trains out of the Grand Central Terminal and Harlem River, 
or а total of 140 trains per day. 

The Harlem River Branch service includes 19 trains each way 
per day, except Sundays, between New Rochelle and Harlem 
River. 

On the New Canaan Branch 16 trains are operated each way 
between Stamford and New Canaan. 

This makes a total week-day schedule of 210 trains per day. 
Additional trains in and out of Grand Central Terminal are 
operated on Saturdavs, and extra trains are also run on the 
Harlem River Branch on Sundavs. 

Of the 70 through trains per dav between Grand Central 
Terminal, or Harlem River, and New Haven, 46 are electrically 
operated the entire distance, steam locomotives being used be- 
tween New Haven and Stamford on the remaining 24 trains. 


1915] MURRAY: MAIN LINE ELECTRIFICATION 1877 


Of the 210 trains per day, 114 are hauled by electric loco- 
motives, multiple-unit equipment being used on the remaining 
96 trains. | 

Forty-eight a-c-d-c. locomotives are used in passenger зег- 
vice. The multiple-unit equipment at the present time com- 
prises four a-c. motor cars, 21 a-c-d-c. motor cars, and 46 trailers. 

The average number of electric train-miles per day is about 
6600, of which 1400 are made by multiple-unit equipment, the 
remaining being trains hauled by electric locomotives. 

The passenger locomotives make an average of 8200 miles 
per day, some of the individual locomotive mileages being as high 
as 450 to 500 miles. Forty-one of the 48 passenger locomotives 
used in a-c-d-c. service were originallv designed to haul trains 
of 200 tons trailing weight in local service, 250 tons in local 
express service, and 300 tons for through express service between 
New York and New Haven. At the present time two of these 
locomotives are only used on through express trains where the 
trailing weight exceeds 390 tons, and two locomotives may also 
be used on heavy local trains. 

New flash boilers have recently been installed in these 41 
locomotives, of increased capacity, to provide for steam heating 
of through passenger trains between New York and New Haven. 
This is accomplished successfully. Through service between New 
New York and New Haven was inaugurated in June, 1914, and 
these locomotives easily make their running time in express 
service. 

The remaining seven a-c-d-c. passenger locomotives were 
originally designed to haul local trains of 350 tons trailing 
weight or express trains of 800 tons trailing weight at a maximum 
speed of 45 miles per hour. In actual service these locomotives 
attain a maximum speed of 55 miles per hour. 

The multiple-unit motor cars make an average of 2100 miles 
per day. The proportion of trailers to motor cars for a-c-d-c. 
equipment averages two trailer cars to one motor car. On the 
New Canaan Branch the proportion is one trailer car per motor 
car, while on the Harlem River Branch about one-half the trains 
have two trailers per motor car, the remaining trains consisting 
of a motor car and one trailer. 

Of 96 trains operated’ per day by multiple-unit equipment, 
38 are Harlem River Branch locals, 32 are New Canaan Branch 
locals, and the remaining 26 are either locals or local express 


trains between New York, New Rochelle, Port Chester, Stam- 
ford, and New Haven. | 
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Freight. Thirty-six a-c. locomotives are used in freight ser- 
vice. These are geared locomotives of 1400 h.p. each and 
designed originally to haul a trailing load of 1500 tons in through 
service at 35 miles per hour, although they are used at times for 
heavy passenger service in the a-c. zone during the summer 
months, when heating of the trains is not required. Some of 
these a-c. locomotives are used in transfer service between Oak 
Point and Westchester freight yards on the Harlem River Branch 
others in way freight and switching service, but the majority 
are used on through freight trains between Harlem River and 
Bridgeport or New Haven. Outside of the fast freights, which 
are usually under 1500 tons trailing weight, most of the freights 
are hauled by two locomotives, the trailing tonnage averaging 
from 2500 to 3000 tons, although, as an experiment, tests have 
been made in using three locomotives with trains of over 200 
cars and 4500 tons trailing weight. 

About 20 freight trains are hauled daily at the present time 
by electric locomotives between Harlem River and Bridgeport 
or New Haven. 

Switching. Electric switchers are used in the three maim 
switching yards on the Harlem River Branch, located at West- 
chester, Oak Point, and Harlem River; likewise at Stamford, 
Port Chester, New Rochelle, Mt. Vernon and at Van Nest, 
the latter yard being principally used for storage. 

At Oak Point and Harlem River the switchers are used prin-- 
cipally for unloading and loading floats and making up trains.. 
One switcher was placed in service in March, 1911, at Stamford, 
and the remaining 15 have been in operation since September 
1912. They have been highly successful 1n operation, and their: 
reliability is evidenced by the fact that to date there has only 
been one case of grounded main motor, although the 16 locomo- 
tives have made approximately 50,000 miles each. Some of 
these locomotives have been at times 1n continuous service 24 
hours per day for 30 days, the only attention received being the 
renewal of blower or compressor motor brushes, or contact shoe 
of pantograph trolley at such times as change was made of the 
operating crew, 

Four of these electric switchers have been found to do about 
the same work as six of the steam switchers, which they have 
displaced, principally on account of the fact that the electric 
switchers can be used almost continually with no lay-over 
periods. On account of the simplicity of the equipment on 
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these locomotives, used only on alternating current, compared 
with the more complicated equipment used on the a-c-d-c. 
locomotives, no trouble has been experienced in breaking in 
new men, and, as a rule, the engineers need comparatively little 
preliminary instruction when being transferred from a steam 
locomotive to an electric switcher. 

Mercury Rectifier Car. For some time a motor car has been 
in service which has been equipped with a Westinghouse-Cooper 
Hewitt mercury arc rectifier and four 250-h.p. motors. After 
a period of experimental runs on the Harlem River Branch, this 
car was placed in commercial service on the New Canaan 
Branch on September 16, 1914, hauling two trailers, the weight 
of the trailing load being 76 tons. In this service the motor 
car has been making an average of 240 miles per day. During 
the time the car has been in commercial service two delays due 
to failure of the equipment on the motor car have been re- 
corded—one of three minutes on October 13 due to poor con- 
tact of a control interlock finger, and one of sixteen minutes on 
October 16, due to a broken belt on the circulating water pump. 

In 1905, when it became necessary for the New Haven Road 
not only to actively consider electrification, but promptly decide 
upon the system to be used, as there was but a scant two years 
left between that time and the date set by the decree of the New 
York Court for all New Haven and New York Central trains to 
operate by power other than steam through the Park Avenue 
Tunnel, a careful study into the conditions surrounding the New 
Haven requirements pointed to the necessitv of a system differ- 
ent in principle and arrangement from that which had been 
decided upon and very nearly completed by the New York 
Central Company—not that the New York Central Company 
had not made a choice of svstem which was entirely correct, 
but because the New Haven conditions were so entirely different 
from those of the Central. If we regard the New Haven elec- 
trification a success, here we must first note conditions that had 
to be reckoned with to ensure that success. 

It was plain to the engineers who had studied these conditions 
that even in that early day, when the direct-current, 600-volt, 
third-rail system was at the height of its efficiency and popu- 
larity, it would fail by far, when examined upon an economic 
basis, in the result that would be secured in the use of the high- 
voltage, single-phase system. 

In those days our experience with the a-c. system was nil; 
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a clear vision as to the correctness of its principles, however, 
more than replaced this lack of experience. To many these were 
strange arguments to use against a well-tried-out and accepted 
system, and, while deeply sensible, of a period both difficult and 
trying to the operators of the road, the burden of this decision 
had been made light by a willingness on the part of all to take 
a perspective rather than a foreshortened view of the situation as 
it has gradually worked its way out of its initiative troubles. 

A storm of criticism from all parts of the world assailed our 
conclusion. Ав this, however, is ancient history, to say more 
along these lines would be to say less. This paper, however, 
might lack a detail not to mention the real reason for which a 
paper, entitled The Log of the New Haven Electrification,* pre- 
sented in 1908 before the American Institute of Electrical 
Engineers, was written. It seemed to the writer that the thick 
laver of criticisms shortly after electrical operation was inaugu- 
rated, on top of the number that had been received before, 
required that the discussion be held down to the actual facts 
in the case, and, knowing that the principles upon which the New 
Haven electrification was based could not be assailed, and that 
the log sheet of operation, bad as it was, was merely a reflection of 
the minor details common to initiative in all new undertakings, 
it were best to write a paper of the faults that had appeared and 
the methods used for their correction. This had the desired 
effect, as the discussion since then has been held within the facts. 

It took not a great while to determine upon and eliminate 
the causes incident to the failures which reflected deleteriously 
upon the service of the road, and, while the reliability of operation 
in the electrical zone rose to some three or four times that of the 
steam operation it replaced, it was not then or even now what it 
will ultimately be. At this point we touch upon one of the con- 
ditions to be satisfied 1n order that an electrification may be called 
a success; namelv, reliabilitv of service. 

The replacement of a steam service which had never been 
criticised, bv an electrical one of increased reliabilitv, naturally 
brought the pronouncement of success by the public. Indeed, 
since those first davs after the elimination of the troubles which 
assalled us in our initiative operation there has never been апу- 
thing other than a favorable comment, both on the part of the 
public and the technical press. Naturally this was most en- 
couraging to the New Haven engineers. 


* Trans. А. I. E. E., 1908, XXVII, Part II, p. 1613. 
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About three vears following the presentation of The Log of the 
New Haven Electrification, the writer ventured a second paper, 
entitled Electrification Analyzed, and its Practical A pplication to 
Trunk Line Roads, Inclusive of Freight and Passenger Operation,* 
this also being under the auspices of the American Institute of 
Electrical Engineers, the intention being to present such elec- 
trification construction and operating data as he had collected 
to date, the object of the paper being to show the adaptability 
of electricity to extensive trunk line movement in all of its 
branches, covering passenger, freight, and switching on terminal 
and main line tracks. 

In presenting the paper the writer purposely avoided a refer- 
ence to comparative costs of operation between steam and elec- 
tricity for two reasons: The first, because of the fact that only a 
part of the whole division was electrified, and an extremely ex- 
pensive interchange of steam and electric operation had to be 
maintained, necessitating expensive duplications and special ar- 
rangements which would not have been common to either system 
had one or the other been used in its entirety upon the whole divi- 
sion. The second has reference to the matter of construction 
costs, which were exceedingly high in the case of the original 
electrification between Woodlawn and Stamford—the first under- 
taken. I am sure it will be of interest to state that in the 
original electrification the unit cost in 1907 for the four-track 
overhead system was just double the amount expended on the 
four tracks recently completed in the section between Stamford 
and New Haven. 

In the discussions before the American Institute of Electrical 
Engineers and the American Society of Civil Engineers repeated 
requests were made for a presentation of the construction and 
operating costs in connection with the New Haven electrification. 
For the reasons above cited, and because of the fact that the 
New Haven electrification was decidedly handicapped in being 
required to build its motive power equipment to operate with 
either alternating current or direct current, the writer concluded 
that the time had not arrived where a presentation of these 
details would serve a useful purpose. Especially was this true 
in the bitter war that was being waged by parties who were 
prone to look upon the single-phase system of traction as de- 
terrent to the application of the ‘‘ more reliable direct-current 
third-rail system "—then in the flower of its youth, but since 

gone to seed! (I, of course, have reference to trunk lines.) 


"TRANS. A. L E. E, 1911, XXX, Part 11; p. 1391. : 
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Here was the problem the engineers of the New Haven Road 
had placed before them: the consideration of an electrification, 
the demands upon which would be far bevond any other hitherto 
constructed or contemplated.’ The conditions and principles 
applying to the past and smaller electrifications did not apply to 
it. Which were to control—the correct principles with the fail- 
ures always common to initiative, or the wrong principles with a 
sureness that the service for possibly a number of years would 
be of a more reliable character? Some of our friends in the 
technical press have been good enough to say some kind things 
with regard to the courage of our convictions. It did not take 
a very great deal of courage to do the right thing, and it cannot 
be denied that right principles should always govern. 

Naturally, ten years of almost undivided attention to electri- 
fication work has brought a better knowledge as to how power- 
houses, lines, locomotives, and shops should be constructed, and 
I do not. believe I overstate when I say that the electrical plant 
the New Haven now possesses could be reproduced, and with far 
better operating results, at certainly not more than 60 per cent 
of its original cost, but, notwithstanding this, when the electric 
division is on a 100 per cent electrical basis the economic return 
‘will be sufficient to justify the electrical expenditure to date. 

The recent decision as to choice of svstem on the part of the 
Pennsylvania Railroad in favor of single phase for the proposed 
electrification on the main line between Philadelphia and Paoli, 
this action being a forecast of the system to be emploved in the 
event of the future financial situation permitting electrification 
between New York and Washington, was one of no small conse- 
quence and pleasure to those who had been toiling to establish 
a correct application of electrification to trunk line territory. 

То those who every day had been 1n close association with the 
practical workings of this system initially installed on the New 
Haven, failures were too closely associated with cause and effect 
to suggest even disappointment, to say nothing of discourage- 
ment, but let me refer to an admirable and fine distinction as 
evidenced in the decision of Gibbs and Hill, which discounted 
apparent for real results, and settled that the body of their elec- 
trification should be upon a single-phase basis, notwithstanding 
that the largest terminal upon the same railroad was operated 
upon a direct-current basis. 

I envy, indeed, the result that they should be able to produce 
for the Pennsylvania Company in the use of straight alternating 


current third-rail system. 
trailers. 
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Fic. 5—MULTIPLE-UNIT TRAIN OPERATING ON S1IxX-TRACK HARLEM 


RIVER BRANCH ELECTRIFICATION 


This multiple-unit train is also designed for operation on the New York Central direct- 
Each motor car has sufficient capacity to haul itself and two 
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Fic. 6—ELEctTRIC SWITCHER No. 0213, DOING REGULAR SWITCHING 


айыра _ SERVICE IN OAK POINT YARD 

Four o ese engines are capable of doing the work of six steam switchers. They 
ee мна ла шо рег cent weight on drivers. They will develop 40,000 lb. tractive 
рда р, ае hea CARD a tractive effort of 12,000 lb. continuously. Sixteen of these 
рн coudre Ron over 1,200,000 miles in switching service, and one failure, 
the record of their pe А” Асық i Асы and excessive load from brakes sticking, is 
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current upon their lines. Even the record of the New York, 
Westchester and Boston with its straight alternating equipment 
whose log sheet reports will show 125,000 miles per car failure, 
тау be surpassed on the Paoli division bv this coming Pennsvl- 
vania electrification. Аз I forecast this record that should be 
made, I review in retrospect some of the experiences that have 
caused it to be possible. Among the number are generator wind- 
ings that have torn themselves loose from their housings by action 
of 11,000-volt short circuits upon their grounded phases; sec- 
tionalizing oil switches on the line hurling their cover plates 100 
feet in the air, due to these same short circuits; the overhead 
contact line parting company with itself, due to high-speed pan- 
tograph shoes impinging themselves against the hard spots at 
hanger points; locomotives nosing their way along the tracks 
with broken quill springs and grounded motors; and so we might 
go on drawing the picture of our difficulties based upon lack 
of experience, but the future is the brighter picture. None of 
the railroads, not one, will have to go through this. It 1s all 
behind us, and present operating statistics are now the proof that 
the high-voltage alternating-current electrification, with its 
attendant higher efficiency, will be as reliable as the direct-cur- 
rent, if not more so, on account of the simplicity of its control. 
Governed by the right principles, we have passed from the 
days in which we desire to make it work into those in which 
we must makcit pay. Accurate distributions of the costs in all 
departments of construction in their application to power-house, 
lines, locomotives, and shops, together with expenses incident to 
the maintenance and operation of these salient fcatures since thc 
work was first undertaken, have shown a declining curve of unit 
costs throughout these various details as against the progress of 
time. Some road had to make the first break into the dark. №. 
one had any advice to give, as no one had any experience upon 
which to base it. Some of our critics have been inclined to view 
the New Haven electrification as a great experiment. They are 
right—it was; but as an experiment it has given a cleaner and 
more reliable ride for the public, and in the end will not cost 
the New Haven road a (economic) pennv; but its greatest value 
in my estimation has not been so much this as the more stable 
position in which it has placed the other roads to this country to 
consider electrification, a subject to which they will have to 
address themselves in the near future. 

The larger part of the experimentation is over, and, from the 
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data assembled, future results, in the application of electricity 
in heavy trunk line territory, can be predicated on assembled 
facts, and not predicted from hypothetical analysis. Critics have 
had it that the so-called “ battle of systems " has delayed the 
electrification of railroads. Аз an electrical engineer keenly 
alive to the desirability of interesting railroads in moving their 
trains by electricity, I am glad if any insistence on my part 
upon the matter of “ system first " has delayed electrification 
in this country, and argue that every minute of the delay will 
be a future asset to the railroads. 

When we talk about railroads we generally mean trunk, lines, 
and all trunk lines have essentially common and determining 
characteristics that make the best system of power distribution 
for one the best for all. Therefore I count it most fortunate that 
electrification has been delayed. Over thesame standard gage, 
cars of every description can be hauled. Therefore, why not a 
standard overhead conductor, under which every form of electric 
motive power can operate? 

I recall with interest one of the New York Railroad Club 
meetings, of which many have been held, typified as their “ Elec- 
-trical Night," at which a committee, previously appointed, re- 
ported its recommendations with regard to the application of 
alternating or direct current to specific situations. Particular 
stress in this report was laid on the advocacy of direct current for 
large terminals. This appeared to me as a fallacious conclusion, 
as the record of my remarks for that evening will doubtless dis- 
close. It was clockwork typified in the movements made т 
these great New York Central and Pennsylvania direct-current 
terminal electrifications. A credit indeed was due the splendid 
corps of engineers who in those early days were responsible for 
the decision and execution of these works; yet conspicuous for 
their absence on this committee was that same corps of engineers, 
for to have subscribed to such an electrification policy would 
have included their concession that the tail of the dog was to 
wag his body! The committee made it clear that if the elec- 
trification was to be confined to terminal limits, then without 
question that electrification should be undertaken upon a direct- 
current basis. Immediately following this recommendation, 
alternating current was prescribed at best befitting trunk lines. 
I well recall the hiatus from which my brain reeled as I listened 
to the speaker divorce the trunk line from its terminal and 
draw in perpetuity the picture of the one great electrical evil 
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from which it was desirable to escape; namely, the uncongenial 
marriage of alternating current to direct current. Fortunately 
we have learned enough about this matter by experience not 
to fear the execution of such a policy. As evidence of this fact, 
one of the simplest proofs is a reference to the wonderful re- 
liability and economy of service to which we are treated in 
serving the great terminal yards at Oak Point and Harlem 
River with the straight alternating-current switching locomotive. 
During the past two years, in which 16 engines of this type have 
been in operation and in which over 1,000,000 locomotive-miles 
in commercial switching service have been recorded, there has 
been, as previously said, just one main motor failure. This 
however, is touching upon details of which we will speak later, 
and I have only mentioned it here in support of the argument 
that all motive power equipment should, if possible, be designed 
for operation upon one form of current, this being one of the 
essential conditions precedent to successful electrification. 

At this juncture it is of interest to point to the fact that under 
the single-phase, high-potential contact wire, three types of 
electric motive power—the single-phase, the three-phase, and 
the direct-current (through the medium of a rectifier)—can 
operate; thus each class of equipment is permitted a supply of 
power unchanging in form. 

The principle of cardinal importance to the writer’s mind, 
and one of the conditions affecting the success of main line 
electrification, may, therefore, be said to be the establishment of 
a standard system of power distribution, from the contact wires 
of which shall be delivered power in standard and unchanging 
form, and, while all electric locomotives or multiple-unit equip- 
ment will primarily receive this power in identical form,it may 
thereafter be modified or transformed to conform to any type 
of alternating-current or direct-current equipment, which is in 
turn prescribed by the local conditions. Sucha standardization 
would provide a single high-voltage contact wire running 
throughout an entire electrification zone upon which are im- 
pressed 11,000 volts of 25-cycle, single-phase electricity. 

Such a line could have operating beneath it single-phase equip- 
ment of the New York, New Haven and Hartford design, three- 
phase equipment of the Norfolk and Western design, and, finally 
(through the medium of the rectifier), direct-current equipment 

of the New York Central design, all of these equipments having 

entirely dissimilar torque-speed characteristics prescibed as local 
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conditions demand. I believe that we will all admit that such a 
standardization offers a wonderful flexibilitv, but, after all this, 
flexibility is not the real reason for its acceptance, although we 
cannot fail to class it as one of the facts that form a part of a 
correct conclusion. "The real reasons are rooted in the field of 
economy, where the railroad dollar must justify its investment. 
There is no other distribution and contact system that can touch 
it in efficiency. Its principles have intertwined themselves with 
every application of electricity in the variegated field of its use- 
fulness, and in no place is its application more apt than in supply- 
ing power for train movement. 

Up to this point the writer has possibly levied upon your 
indulgence in treating his subject upon very general lines, but in 
so doing there has not been a moment when the specific subject 
of the paper has not been in mind. The subject itself is such a 
broad one that in truth it must be said that it has been more 
difficult to know what not rather than what so say, and what has 
been said has only been in an effort to show that during his pause 
we have been schooling ourselves by the analvsis of the data 
secured; sorting it into cost versus return; studving comparative 
results arising under varying conditions; crystallizing out the 
mistakes that have been made in the past by lack of sufficient 
experience and information; drawing conclusions that are not 
guesses on what shall be the future methods to be followed in 
electrification, and assembling our facts for readv reference and 
application. 

Now, coming to the specific subject of the paper, let me point 
first to the great underlying condition, apart from the engineer- 
ing, construction, and operating side, upon which the success of 
main line electrification, from a combined public and railroad 
standpoint, is founded: success is entirely dependent upon the 
density of traffic. 

A commercially successful electrification may be described as 
one which, through its agency, cuts the operating expenses of 
steam-operated territory it has replaced to a figure whereby the 
savinys effected are of an amount sufficient to justify the invest- 
ment made. 

Our experience to date has taught us that electrification points 
to three principal places where economy of operation can be 
secured, and in the order of their importance thev may be men- 
tioned as follows: 

1. Saving in fuel. 
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2. Saving in motive-power maintenance and repairs. 
3. Saving in train-miles. 

Assets created by electrification, which may at times be con- 
trolling factors, as, for example, the reclamation of city terminal 
property, after the removal of gas and smoke by the elimination 
of steam locomotives, are of most important consideration. In 


cases, however, that do not involve large city terminal electrifi- 


cation, the general credits and debits resulting from electrification 
work may be said to about offset each other, and thus the value 
of the returns can be based upon the three items first mentioned. 
If we know the number of freight and passenger train-miles in a 
division proposed for electrification, and the cost of each one of 
the train-miles, today we can say with very little chance of error 
what the cost of each one of those train-miles in freight and pas- 
senger service will be when that division is operated by elec- 
tricity. If we were to duplicate the steam train movement by 
an electric train movement a certain economy would be shown, 
but by reason of the ability to concentrate in single train move- 
ments greater tractive efforts and higher speeds, greater indi- 
vidual tonnages can be translated, and thus the third item of 
economy appears in the reduction of train-miles. 

As bearing on the matter of a reduction in train-miles through 
means of electrification, the three charts (Figs. 7, 8 and 9) 
applying to studies recently made on the Salt Lake Division 
of the Denver and Rio Grande Railroad are interesting. In 
these charts it 15 of importance to note the great reduction in 
train movement secured by electrical operation, in combination 
with the reduction of a section of high grade from 4 per cent to 
2 per cent for increases of 20 per cent and 100 per cent in excess 
of the former tonnage. The example offered is merely illus- 
trative of this application of economy under conditions of elec- 
trification. 

Experience with the movement of billions of ton-miles in 
freight, passenger, and switching service by electricity has justi- 
fied the early predictions that were made in connection with the 
study of the New Haven electrification; namely, that one pound 


of coal burned under the boilers of a central electric power sta- 


tion and converted into electrical energy and transmitted to an 
electric engine will develop twice the drawbar pull at the same 
speed as a similar pound of coal burned in the firebox of a steam 
locomotive; and, second, that the maintenance and repairs on 
electric locomotives of the straight alternating-current type are 
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on the order of one-half of those required for steam locomotives 
of equal weight on drivers. It is thus seen that the problem 
of electrification merely revolves around the question of the 
destiny of traffic in which the economies aforesaid can be prac- 
tised, and, therefore, the denser the traffic the greater the req- 
uisite motive power for its movement, and hence the greater 
the saving to be effected. If the schedule of train movement 
for all roads were the same, then, based upon the number of 
tons translated, it would be a simple matter to plot a chart 
which would show two intersecting curves, one of which rep- 
resented the savings per annum to be effected by the substitu- 
tion of electricity for steam, the other the summated cost per 
annum of interest, depreciation, maintenance, insurance and 
taxes on the electrical plant, inclusive of power-house, lines, 
locomotives, and shops, necessary to effect these savings, these 
curves having as common abscissa tons under- translation and 
as ordinates the annual costs respectively represented in the 
foregoing classes of annual expenditures. The point of inter- 
section of these curves would indicate the density of traffic at 
which the economic yield of electrification would cover the 
fixed charges incident to its installation. The curves would 
also indicate the yield to the railroad that electrification would 
bring above that of steam operation for traffic densities of greater 
amount. The analysis, however, is not as simple as this, for, 
while a number of roads might translate equal tonnages over 
equal distances, the local conditions might require a wide varia- 
tion as to schedule; also such physical adjuncts as grade and cost 
of electric power supply, labor and material clearly make it neces- 
sary to give careful consideration to each individual case. The 
point which I wish to make, however, 1s that, with knowledge 
based on experience, operating officials of railroad companies can 
have an intelligent presentation made to them of the comparative 
cost relation between steam and electric operation for these sev- 
eral roads. An intimate acquaintance with the ways and meth- 
ods of the steam railroads of today has taught us how the 
president, the vice-president, the general manager, the general 
superintendent, the mechanical superintendent, the division 
superintendent, the master mechanics, the road foremen of 
engines, the shop superintendent, and so on down the line to the 
engineers whose hands are on the levers of either the steam or 
electric engines, look at operation. Seven years of parallel 
steam and electric operation on the same division have opened 
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up a world of perspective to the writer, as he has studied the 
controlling forces which whirl through the beginnings of this 
conversion from steam to electricity in the trunk line territory 
of our American railways. 

I would count it a serious omission indeed did I not mention 
the great and able assistance the present general manager of the 
New Haven Road, Mr. C. L. Bardo, has given in his study of the 
operating side of this great electrical problem. It is of him that 
I think when I touch upon one of the essentially real conditions 
affecting the success of main line electrification, and that is in the 
matter of administration. Electricity as an agent of power de- 
velopment is as essentially different from steam as the effects 
which are produced іп the application of heat or cold. Тһе steam 
locomotive has lived a useful life of eighty years. This is nota 
prediction that it will not live many more! Еуеп in the clothes 
of its mechanical ruggedness it is not difficult to conceive of its 
having once been a pretty delicate machine, deserving of a very 
great deal of care and attention. The electric locomotive was 
born of even a more delicate nature, and, while its ruggedness 
is increasing, it can never possibly be the great mechanical brute 
that our high-powered steam locomotives may be typified as 
being today. In the same breath, however, it may be said 
that the steam locomotive can never reach into the zones of 
usefulness to which the electric engine can at the present day 
enter. ' 

It is perfectly possible to keep the maintenance and repairs 
of the electric locomotive down to one-half of those of steam 
under the most favorable conditions of steam maintenance, and 
in many cases below this figure. On the other hand, due to the 
peculiar: nature of the electric engine, which has not as yet been 
enough appreciated, it will be only by the most rigorous and 
careful inspection and conformity to rules of operation that this 
relation can be maintained. Indeed, if electric engines be 
treated as has been the custom of treating steam locomotives, 
then their repairs, instead of costing far less, will cost far more 
than those of the steam engine. The essential difference be- 
tween the steam and the electric engine is that the former, after 
it has done all the work it is capable of doing, will lie down, - 
simply stop going, and do this at no cost to its mechanical parts, 
while an electric engine, like an overwilling horse, if permitted, 
will work itself to destruction. The commercial life and effi- 

ciency of a steam engine may be said to depend cn keeping the 
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heat within its cylinder walls, while the commercial life and 
efficiency of the electric locomotive are based on how cool you 
can keep its conductors. In the vernacular of the American 
youth, some difference! Yet, if you should ask the old steam 
superintendent operating the new clectric division if he agreed 
to that distinction, the chances аге he would say: “ Sure, the 
conductors should never get hot, especially with a passenger." 
Mr. Bardo has recognized this great difference between steam 
and electric operation, and in handling the schedule of electric 
trains he has emphasized the importance of keeping thc train 
loads down to a point within the safe temperatures of the elec- 
tric motors performing the schedule. The davs are passing 
when with pride the stcam operating man points to the electric 
locomotive as having been able to perform twice the duty for 
which it was designed, and the next day wonders why the 
darned old “ electric " blew up on half the load. The point to be 
established, therefore, is that successful electrification requires 
that there be in the administrative forces minds trained to the 
necessity of a different viewpoint from that which has come down 
through these eighty years of steam service. The magnificent 
organization that has shaped itself throughout these many years 
and has standardized itself, one might sav, in its application to 
all roads, need not in anv way have its fabric torn or changed 
by the introduction of electricity as a motive power, but there 
must be established in the administrative forces different minds 
from those in the past to handle these different things of the 
future. The future must see well-developed electrical cells in 
minds of the vice-presidents, general managers, general superin- 
tendents, etc., down the line. 

An inheritance by the New Haven of the old steam locomotive 
engineers for the operation of the electric engines is another 
case where the tail of the dog wags the body. While it is a good 
argument that these men understand the roadbed and signals 
better than any one else, this argument fails when engineers with- 
out electrical experience or training can bid in the electric runs, 
depending upon their seniority and record of service. The con- 
dition might be alleviated by one set of men, once in remaining 
in, but there 1$ a constant change, and it is a long time before 
the steam locomotive engineer divorces himself from the fact 
that he is not operating a steam locomotive. During his period 
of learning how to operate the electric engine he does not suffer, 
the people do not suffer, but the road suffers, and the locomotive 
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suffers most. Here, therefore, we see the necessity of electrically 
trained men. The very logic of this stand will ultimately re- 
quire that these things be so, and one of the successes of which 
we write in this paper is based upon it being made so. 

While all of the main line tracks of the New York division 
are electrified, there still remains in passenger and freight service, 
as previously shown, a considerable amount of steam operation, 
made necessary because the New Haven Road had to avoid 
capital expenditure for power house and motive power equip- 
ment. It can be readily understood that a large reduction in 
operating expense can be effected when the ‘division is placed 
upon a 100 per cent electrical basis. On previous occasions when 
the writer has been dealing with statistics and information made 
available by his engineering and operating association with the 
work, he was conscious then, and is now, of the danger, in present- 
ing construction and operating costs, of their possible misinter- 
pretation. 

Essentially necessary is a wholesome confidence on the part 
of railroads undertaking electrification that the result predicted 
will be attained, and what we are doing on the New Haven 
today electrically from an operating standpoint could not be 
better epitomized than by the presentation of one of the last 
monthly operating reports. The tables that follow comprise 
the statistics of electrical operation, and give operating informa- 
tion with reference to: 

1. The amount, distribution and cost of electric power gener- 
ated at Cos Cob Station. 

2. Statistics and operating costs of electric passenger service. 

3. Statistics and operating costs of electric freight service. 

4. Statistics covering line and equipment failures. 

These records are included in this paper not as an exhibit of 
something remarkable, but simply to convey to those interested 
in the electrification of railways the fact that there is daily coming 
to us a mass of data having reference to the practise of heavy 
electric transportation, through the agency of which very ac- 
curate conclusions may be drawn. 

I would ask those who review these statistics with an analyti- 
cal eye to bear in mind that they are taken from an electrical plant 
which, from its inception, has been handicapped both from a 

construction and operating point of view. As before explained, 
the underlying principle applying to the New Haven electrifica- 
Чоп required that its motive power equipment be designed to 


1892 MURRAY: MAIN LINE ELECTRIFICATION |Jan. 20 


operate on both alternating-and direct-current power, and that, 
further, on account of inadequate shop facilities in the past it 
has been necessary, since securing new shop facilities, to make 
very heavy repairs throughout the entire electric motive power 
of the road. I have, therefore, to offer this word of caution in 
analyzing the statistics that are presented, for it is to be noted 
that the cost of locomotive repairs is high. For example, refer- 
ring specifically to the table of operating costs of electric pas- 
senger engines, (Table XVIII), it is to be noted that in the month 
of October the repairs are recorded as 8.56 cents per locomotive- 
mile, while for November these repairs have increased to 10.61 
cents рег locomotive-mile. At the first blush this would indicate 
that the new shop facilities were increasing rather than diminish- 
ing maintenance costs. This, however, may be explained by 
the fact that all of the passenger engines have been undergoing 
general repairs, and invoices for material were passed in greater 
amounts for November than for October. Many of the electric 
locomotives have not received a general overhauling since 1907, 
and during this time their log sheets of operation show some of 
the locomotives have made over 350,000 miles. 

Showing conclusively, however, what can be done with elec- 
trical equipment under the care of a better maintenance, I have 
taken the first ten engines that have received general repairs and 
present herewith in Tables I to X, inclusive, segregated. monthly 
costs and mileages made since these engines have passed through 
the shops. 

Notwithstanding these engines are of the alternating-current- 
direct-current type, it 1s of interest to note that their records so 
far show an average cost under five cents per locomotive-mile. 
It is of particular interest to note that locomotive No. 032, which 
received its overhaul first, has now operated 93,140 miles at an 
average cost of 3.6 cents per locomotive-mile. 

These maintenance figures for the ten engines give a sharp 
contrast to those in the general table of passenger engine operating 
costs (Table XVIII) and emphasize the lack of maintenance to - 
which the electric locomotives were subjected in the early days 
of their operation. Had conditions permitted our electric pas- 
senger engines to be of the straight-alternating-current design, 
in my opinion their average maintenance would not have ex- 
ceeded 4 cents per locomotive-mile. 

During the past six years of electric operation there have 
been collected some very valuable,data with regard to the amount 
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of power required to operate trains of variable tonnage in pas- 
senger, freight, and switching service. Based upon these data, 
the power required to operate trains under normal or peak con- 
ditions of schedule can be calculated with results practically 
coinciding with the estimates. - 

By means of wattmeters installed on all locomotives and 
motor cars it has been possible to record the differences of power 
required by trains operating under local and express conditions. 
The long period over which these statistics were kept and power 
rate constants thus developed has permitted us to abandon an 
elaborate tabulation and conslidate the information in the more 
general statement (Tables XVIII and XIX). Of value to those 
who are interested to follow more closely these results, Tables 
XI, XII, and XIII will be of assistance. These tables are 
compiled from the June, 1914, statistics of electric passenger 
and freight train operation between Woodlawn and points east 
to New Haven. At that time the overhead system had only 
recently been completed to New Haven, and there was but a 
a small percentage of electric service, both as regards passenger 
and freight, between Woodlawn and New Haven, and, while the 
tonnage in both passenger and freight service has been greatly 
increased since that time, these tables, however, may be taken 
as giving reliable data in connection with the electric train move- 
ments recorded. The watt-hours per ton-mile are secured 
through meters recording input power to the electric motors. 
To determine the actual amount of power taken from the 
contact wire, these figures should be divided by 97 per cent, 
thus allowing an average loss of 3 per cent for the step-down 
transformers installed on the electric engines and motive power. 
Ás examples of the increments of electric service, since the exten- 
sion of the electrification to New Haven, while it is to be noted 
that the total electric passenger ton-miles for June, 1914, were 
approximately 41,000,000 and that of the freight 9,400,000, the 
former has now increased to 62,000,00) and the latter to 
44,000,000. 

Of especial interest to the writer with regard to the tables 
covering electric passenger operation is the variation in watt- 
hours per ton-mile for the various express and local services. 

For example, it is to be noted that the power rate for New Haven 
express trains eastbound is 31.4 watt-hours per ton-mile, this 
rate being increased slightly for trains operating to Stamford; 
the rate rises quite rapidly for trains operating in local service to 
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Stamford, and continues to rise for local trains operating to Port 
Chester and New Rochelle respectively. It is, of course, well 
known that the rate of power supply per ton for express operation 
is very much lower than that required for local operation, as in the 
case of the latter the train suffers, under the conditions of brak- 
ing, the loss of the kinetic energy stored in it under the conditions 
of acceleration. The increasing watt-hours per ton-mile as shown 
in the tables are practically proportional to the diminishing dis- 
tance between train stops. It may also be said that the distance 
between stops increases progressively east of New York City, and 
if, for example, suburban territory under consideration for elec- 
trification has to be served by train schedule with distances be- 
tween stations approximately the same as those obtaining on the 
New Haven Road, the “ power rate ” constants as shown in these 
tables will be found to be sufficiently accurate in the study of 
power necessary to train movement. 

In the tabulated statistics covering electric freight operation 
the point of principal interest is the difference between the rate 
per ton-mile as indicated in the June tabulation (Table XIII) 
as against those shown under the general tabulation of freight 
service (Table XIX), where it is to be noted that the kilowatt- 
hours for fast and slow freight are, on the average, considerably 
below 30 watt-hours per ton-mile, this rate being based upon the 
tonnage of the trailing load. Allowing for the weight of the 
electric engine, the watt-hours per ton-mile will be reduced to 
26, and, as some 200,000,000 ton-miles have been actually re- 
corded by meter registration in freight service, it may be said 
that 30 watt-hours per ton-mile on level track is a reliable figure, 
with slight margin to cover electric freight operation in a com- 
bination of fast and slow service, t.e., without stops for trains 
averaging between 1500 and 3000 tons trailing load. 

It is of interest at this juncture to point to an interesting 
experience we have had 1n connection with the electrical opera- 
tion of heavy freight trains. It was first thought that when 
these large train units were placed on the line the power-house 
would be subjected to very heavy drafts of power under condi- 
tions of accelerating them. The reverse, however, was found to 
be the case, and where, previous to the operation of these trains, 
the power station output curve showed peaks of a fluctuating 
character, these heavy trains have served to smooth out the curve 
of power station output. A reasonable explanation of this would 
seem to rest in the fact that when a number of the heavy trains 
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are under translation, and it becomes necessary to accelerate one 
from rest, the supply of current necessary to this acceleration, 
while not reducing the line voltage materially, does so, however, to 
a point which corresponds to a speed of the trains in translation 
lower than the speed at which they are actually operating, and 
thus these heavy trains, by their own mass energy, as in the case 
of a flywheel, automatically release a large amount of power, 
which becomes available for the accelerating train. 

In the foregoing pages I have confined myself to the presen- 
tation of operating data, from which I believe very accurate con- 
clusions can be drawn, having regard to the costs incident to 
electric operation, the only expenses that are materially changed 
in the conduct of railway transportation being, as previously 
stated, in the matter of fuel, engine repairs, and train-miles. 
With definite information developed as to these items, it is not 
a difficult matter for those experienced in their application to 
interpolate them into the steam operating accounts in the study 
of railroads considering electrification. I have thought, there- 
fore, that the broader manner of handling this subject would be 
not to show concrete cases where the conditions were such as to 
insure the success of electrification, but rather present the con- 
stants of economy that were generally applicable, at least very 
approximately so, to all railway situations, granting of course, 
that each individual study would have its qualifying factors which 
local conditions would control; as, for example, it is quite pos-: 
sible for a complete electrification to turn upon the cost of coal. 
The greater the cost of coal the stronger is the argument for elec- 
trification, from the fuel aspect. For example, if two railroads, 
one burning $2.50 coal and the other burning $5 coal, should 
electrify, and in each case reduce their coal consumption by 
100,000 tons per vear, they would respectively save $250,000 
and $500,000 per annum. In the case of the railroad burning 
the $2.50 coal this saving would, at 5 per cent, represent capi- 
talized values amounting to $5,000,000, while in the case of the 
railroad burning the $5 coal the capitalized values would be 
$10,000,000. In both cases the capitalized values should be cred- 
ited against the construction account for electrification. 

Savings to be effected in engine repairs are likewise subject to 
local conditions, for, while it may be.said that steam locomotives 
Tepairs, upon an average, may be placed at 10 cents per loco- 
motive-mile, on the other hand there may be situations where the 
railroad has, for example, to use water of severe scaling charac- 
teristics and thus run up the cost of repairs excessively. 
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In the matter of train-miles the savings to be effected are 
dependent upon local conditions, but it can be stated as a general 
conclusion, based on a very considerable experience, that: 

1. Electric engines on the order of 100 tons on drivers should 
be maintained at a rate not exceeding 5 cents per locomotive- 
mile. 

2. The coal bill for transportation is cut to at least one-half. 

Having determined for any situation what savings can be 
effected by the substitution of electricity for steam, then, as pre- 
viously stated, the commercial justification of a change to the 
new motive power is entirely based upon whether these savings 
will cover the interest, insurance, depreciation, and taxes on the 
electrical investment necessary. 

In past papers I have refrained from presenting construction 
costs to show what investment is necessary to operate trunk line 
territory by electricity, and I believe that this policy will be 
accepted as having been justified when I state that an analysis of 
the distribution account of our latest line construction (between 
Stamford and New Haven) shows its unit costs (four-track) to 
have been one-half those incurred in the original work, and, 
while further economies will, of course, follow, I feel that the 
curve of decreasing electrical investment for electrification has 
flattened at least enough to present Table XIV, XV and XVI, 
indicating the costs incident to six-track, four-track, two- 
track, compound and single catenary, for curves and tangent con- 
struction, as a guide to what can be done. To those considering 
these figures I would offer a word of suggestion that the overhead 
system of the New Haven Road was designed to coordinate with 
a road bed which 1$ the throat of the entire eastern New England 
traffic. Very high safety factors have been included in it, both 
as regards wire and steel, and it has been many times, particularly 
during the last season, subjected to high wind velocities, the 
effects of which have been augmented to ice formation, increasing 
its projected area. 

A general factor of safety of three is prevalent throughout 
the whole construction, whether on the 200-ft. river transmission 
towers with 800-ft. spans or on the regular catenary construc- 
tion, in each instance based on ice coatings of $ inch all around 
with wind velocity of 60 miles an hour. I might add, also, that 
we have been fortunate enough not to have lost a wire due to the 
above causes throughout the history of the electrification. 

Briefly referring to the tables of construction costs, it 1s to be 
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noted that the supporting steel bridges have a normal spacing 
of 300-ft., the trusses of which are designed to withstand the 
breakage of any of the main supporting messenger wires, and 
permit also the support at any point of four signals of 2000 1b. 
in weight each. 

As local conditions make different requirements for sectional- 
ization, construction costs are given for continuous catenary con- 
struction for tangent and curved track, and, to facilitate the 
introduction of sectionalizing costs, individual figures for anchor 
bridge and control sectionalization are given under tables show- 
ing costs varying for the different number of tracks under consid- 
eration. 

Electrification, like everything else, under effects of standard- 
ization gets down to a pound or foot basis; the costs tabulated for 
the different types of construction sectionalization and control 
may be combined to determine total estimates on work conform- 
ing to the requirements of the local conditions. 

With regard to electric motive power equipment, papers that 
have preceded this one have discussed in detail physical dimension, 
weight, and operating characteristics of electric passenger, freight 
and switching engines and multiple-unit motor cars. The motive 
power feature of electrification, like its other parts, has virtually 
reached the pound stage. Electric locomotives of approximately 
100 tons will under present conditions of cost of labor and 
material, vary between 18 cents and 20 cents per pound. This 
figure is practically irrespective of speed-torque characteristics, a 
high-speed passenger locomotive and a low-speed switcher not 
varying greatly in cost upon a pound basis. Multiple-unit cars, 
now usually built of steel, do not vary greatly from the above 
figures, but, if anything, may be quoted as being slightly higher 
in cost per pound. 

The determining characteristics of the locomotives to be 
purchased in an electrification will, of course, entirely depend 
upon the local conditions which control the maximum and con- 
tinuous tractive efforts in passenger and freight service, they 
in turn depending upon the weight of trains and length of grades, 
capacity of equipment depending likewise on the two foregoing 
factors and schedule requirements. 

The above approximate quotations on engine costs are pre- 
sented merely to give a general idea of this department of expense 
11 connection with electrification. Аз a concrete example in 
application of the above general statements, I would say that a 
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first-class, high-speed, 100-ton, straight alternating-current elec- 
tric passenger locomotive, capable of handling a 250-ton trailing 
load in normal large city suburban service, should cost $40,000. 
А steam locomotive which would do the same work would prob- 
ably not cost more than $15,000, but the savings effected, due to 
the greater operating economy of the electric engine, would repre- 
sent a figure of twice or three times the amount invested in the 
electric engine. Thus we might say that for every electric engine 
we purchase we would be justified at least in making a capital 
investment of $40,000 to cover the cost of electric power-houses 
and transmission equipment necessary to supply that electric 
engine with current. By this reasoning we again approach the 
answer as to the conditions affecting the success of main line 
electrification in the fact that it is the density of traffic and in the 
use of a large number of electric engines by which we can save 
enough money to pay for the capital expenditure necessary to the 
supply of power to them for the operation of many trains. 

Of late many interesting and valuable papers on electrifica- 
tion have been written, wherein the authors have presented 
comparable data as between steam and electric operation on 
specific territory under contemplation. 

As mentioned in the earlier pages of the paper, there are many 
places where electrification would bring a betterment both to the 
public and to the railroad, but the writer has thought the subject 
would be better served by a general exposition of his operating 
and construction experience in connection with a heavy trunk line 
electrification that has been serving the public for the past eight 
years, and to draw from it the significant facts and factors from 
which basic conclusions can be drawn to apply elsewhere. 

In concluding the paper I would plead for an especially con- 
servative point of view on the part of the public with regard to 
electrification. While the savings to be effected under certain 
conditions of electrification may be considerable, on the other 
hand the construction investment necessary to these savings may 
be very great. So many roads in this country have either passed 
or lowered their dividends, the chief example being a part of 
the great Pennsylvania system, that it is hardly necessary to 
emphasize the fact that only a healthy condition of finance 
throughout the country will warrant the consideration of elec- 
trification, and again I would say that partial electrification, such 
as that applying to yards only and not main line, while it might 
prove of advantage to a public, might at the same time prove to be 
a serious and unfair burden for the railroad to carry. 
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The Public Service Commissions are as much the guardigns 
of the railroads as the people they serve, and the many billions in 
dollars representing the shrinkage in value of railroad securities 
in the last few years have awakened in the hearts and minds of 
the public and the commissioners the fact that no further obli- 
gations can be imposed upon the railroads, except they be 
justified from a fair railroad business standpoint, such equity of 
treatment describing the duty of the commissioners in whose 
hands rests the justice of any demand. The electrification of 
great railroad terminals in particular presents conditions in which 
the maximum cost is combined with the minimum direct return 
upon the invested capital, and without some reasonable assur- 
ance of adequate return it will be more difficult to secure the 
necessary capital for such improvements. 
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TABLE I 


PERFORMANCE OF М. Y., М. H. AND Н. К. В. ELECTRIC PASSENGER 
LOCOMOTIVE 032. 


1913 


July Sept. Oct. Nov. Dec. 


Барот: сазенде 32.90 83.01 61.59 23.67 20.18 89.17 


Maternal... va xx eR IR 20.68 38.61 | 67.96 21.64 34.86 | 104.86 

Total labor and material...... 53.58 | 121.62 | 129.55 45.31 54.74 | 194.03 

Mileage............. eene 4,802 5,517 4,695 4,716 4,687 4,592 

Cost per тіе................ 0.011 0.022 0.028 0.010 0.012 0.042 

Average cost per mile........ 0.011 0.017 0.020 0.018 0.017 0.021 

Total miles to date........... 4,802 | 10,319 | 15,014 | 19,730 | 24,418 | 29,005 
1914 


April May 


Jan. Feb. 
абое азс 200.97 85.94 36.52 65.42 91.01 
Materials Ен 95.79 27.12 29.15 32.57 70.01 
Total labor and material...... 296.76 | 113.06 65.67 97.99 | 161.02 
МїЇеаде..................... 4,392 6,017 5,310 5,270 5,889 
Cost per тйе................ 0.068 0.019 0.012 0.019 0.027 
Average cost per mile........| 0.027 0.026 0.024 0.024 0.024 
Total miles to date........... 33,397 | 39,414 | 44,724 | 49,995 | 55,884 

1914 

July Aug Sept. Oct Nov Dec 
Labor а 212.36 74.45 | 147.53 | 219.47 55.25 
Маїепа1!.................... 131.49 | 156.72 | 173.96 | 780.92 | 146.09* 
Total labor and material...... 343.85 | 231.17 | 321.49 [1000.39 90.84* 
Мїеаде..................... 6,165 7,401 5,459 5,678 6,714 
Cost per тЦе................ 0.056 0.031 0.058 0.176 0 
Average cost per mile........ 0.027 0.027 0.030 0.039 0.036 
Total miles to date........... 67,888 | 75,289 | 80,748 | 86,426 | 93,140 


NorE.—Cost in dollars. * Cr. 
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TABLE II 


PERFORMANCE OF N. Y., N. H. AND Н. R. В. ELECTRIC PASSENGER 
LOCOMOTIVE 041. 


1914 
June July Aug. Sept Oct Nov 
Labor: ete ce teg Еж е Же 17.15 72.04 | 169.91 113.51 105.56 | 195.78 
МаХегпа].................... 8.92 78.24 | 362.15 | 288.68 32.29* | 473.13 
Total labor and material...... 26.07 150.28 | 532.06 | 402.19 73.27 | 668.91 
М еаве..................... 2,912 7,974 8,031 5,990 6,096 5,965 
Cost per т!е................ 0.009 0.018 0.066 0.067 0.012 0.112 
Average cost per mile........ 0.009 0.016 0.037 0.044 0.038 0.050 
Total miles to date........... 2,912 | 10,886 | 18,917 | 24,907 | 31,003 | 36,968 
Note.—Cost in dollars. *-Cr. š 


TABLE III 


PERFORMANCE OF N. У., N. H. AND H. К. R. ELECTRIC PASSENGER 
LOCOMOTIVE 037. 


April | May | June | July | Aug. | Sept. | Oct. | Nov. 


Labof оо 35.93| 61.68| 72.78| 93.79] 119.65] 107.20] 75.63 | 115.50 
Маёегіаї.................. 4.69| 35.94 | 159.83 102.73| 212.87 | 184.26|209.81*| 47.34 
Total labor and таќсгіа|....| 40.62) 97.62) 232.61 | 196.52| 332.52| 291.46|134.18*| 162.84 
М Пеаве................... 538| 4,020| 5,641| 7,643} 8,341] 7,2031 7,217 6,367 
Cost рег mile............... 0.075| 0.024| 0.041} 0.026| 0.040| 0.040 0| 0.026 
Average cost per milc....... 0.075| 0.030! 0.036| 0.032| 0.034| 0.036] 0.026 | 0.026 
Total miles to date......... 538| 4,558) 10,199] 17,8421 26,183] 33,386/40,603 | 46,970 
Note.—Cost in dollars. * Cr. 


TABLE IV 


PERFORMANCE OF М. Y., М. H. AND H. R. В. ELECTRIC PASSENGER 
LOCOMOTIVE 0928. 


1914 
June July Aug. Sept Oct Nov 
Оо алое ааа 2.04 63.12 | 135.80 | 119.00 | 259.41 78.35 
Магегігі.................... 17.25 25.15 | 211.95 | 221.73 | 159.11 39.25 
Total labor and material...... 19.29 88.27 | 347.75 | 340.73 | 418.52 | 117.60 
Мйеаде..................... 2,103 | 3,902 | 6,788 | 5,398 | 6,526 | 8,256 
Cost per mile................ 0.009 0.023 0.051 0.063 0.064 0.014 
Average cost per mile........ 0.009 0.018 0.036 0.044 0.049 0.040 
Total miles to date........... 2,103 6.006 | 12,794 | 18,192 | 24,718 | 32,974 


NOTE.— Cost in dollars. 
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TABLE V 


PERFORMANCE ОЕ М. У., М. H. AND Н. К. R. ELECTRIC PASSENGER 
LOCOMOTIVE 020. 


1914 
June July Aug. Sept Oct Nov 
Ше ЕТ 50.54 | 148.29 | 129.71 120.20 | 127.45 76.35 
То ОАО 29.84 30.19 64.29* | 195.31 55.41 248.09 
Total labor and material...... 80.38 | 178.48 65.42 | 315.51 182.86 | 324.44 
МПО: ока ae ae mes 5,391 7,997 8,175 0:907 6,664 6,348 
Cost per ТА ЦЕ. у; 50.5.0 5000.42 0.015 0.022 0.008 0.043 0.027 0.051 
Average cost per mile........ 0.015 0.019 0.015 0.022 0.023 0.027 
Total miles to dates: се: 5,391 13,388 | 21,563 | 28,790 | 35,454 | 41,802 
Note.—Cost in dollars. * Cr. Р 
TABLE VI 


PERFORMANCE OF М. У., М. H. AND Н. К. R. ELECTRIC PASSENGER 
LOCOMOTIVE 016. 


1913 1914 

Пес Jan Feb March April May 
ПВО: ссек оолак bute 23.52 71.03 | 108.88 78.80 | 132.74 | 106.13 
о ОИ 52.16 46.61 55.88 29.91 77.26 51.72 
Total labor and material...... 75.68 117.64 | 164.76 | 108.71 | 210.00 | 157.85 
MIN, Lou 25 Sosa СЕК 3,260 | 4,820.5 5,300 | 5,139.5 4,868 4,222 
СОЕ Dui THUG. „аьа таъа 0.023 0.024 0.031 0.021 0.043 0.037 
Average cost рет mile........ 0.023 0.024 0.027 0.025 0.029 0.030 
Total miles to date........... 3,260 | 8,080.5 |13,380.5 | 18,520 | 23,388 | 27,610 

1914 

June July Aug Sept Oct 
LAOS spans ұғына OO 155.66 93.52 | 112.85 | 129.38 | 108.75 
Materi. О 179.80 91.01 | 152.97 21.28 64.64 
Totallabor and material...... 335.46 | 185.13 | 265.82 | 150.66 | 173.39 
[ST T. PIU 4,347.5 | 8,282 8,386 5,644 8,096 
бд д: ПОРТУ 0.077 0.022 0.032 0.027 0.021 
Average cost per mile........ 0.037 0.033. 0.033 0.033 0.031 i 
Total miles to date........... 31,957.5 |40,239.5 |48,625.5 |54,269.5 |62,365.5 |67,601.5 

NoTE.— Cost in dollars. “Ст 


Digitized by Google 


1915] MURRAY: MAIN LINE ELECTRIFICATION 1903 


PERFORMANCE OF N. 


Total labor and material...... 


MUeARgS.. ооо LETS 
Cont per mili sacked ni 
Average cost per mile....... 


Total miles to date.......... 


Notre.—Cost in dollars. 


PERFORMANCE OF N. 


TABLE VII 


Y., N. H. AND H. R. R. ELECTRIC PASSENGER 
LOCOMOTIVE 01. 


1914 


June July Aug. Sept. Oct. Nov. 


ЫДЪ ————— ee 2-->----/---- 


0 96.38 | 156.60 | 175.30 | 133.64 81.76 
0 | 285.76 | 351.57 | 312.04 84.85 15.03* 
О | 382.14 | 508.17 | 487.34 | 218.49 66.73 

; 571 7,183 7,396 6,006 5,812 6,842 
0 
0 
1 


0.053 0.069 0.081 0.038 0.010 
0.049 0.059 0.065 ^ 
7,754 | 15,150 | 21,156 | 26,968 | 33,810 


. 


TABLE VIII 


Y., М. H. AND H. R. В. ELECTRIC PASSENGER 
LOCOMOTIVE 019. 


1914 


Total labor and material. ... 
ИГ то ИЕ 
Cost Ber mile. асю c^ 
Average cost per mile....... 
Total miles to date......... 


NOTE.—Cost in dollars. 


2,886 10,780 18,546 25,484 30,540 


TABLE IX 


PERFORMANCE OF N. Y., N. H. AND H. R. R. ELECTRIC PASSENGER 


LOCOMOTIVE 05. 


Average cost per mile....... 
Total miles to date 


NoTE.—Cost in dollars. 


———— | OO YO SY | --------------- 


113.4%) 180.93] 74.41, 427.21] 261.15) 558.25) 218.76 
2,268} 5,432] 7,937] 8,566] 5,497] 6,783] 6,578 
0.05} 0.033] 0.009] 0.050] 0.047) 0.082] 0.033 
0.05] 0.038] 0.024] 0.032] 0.036] 0.044] 0.043 
2,268] 7,705] 15 ,637| 24,203| 29,700] 36,483| 43,061 
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1904 


TABLE X 


MURRAY: MAIN LINE ELECTRIFICATION 


[Тап. 20 


PERFORMANCE ОЕ N. Y. N.H. AND H. R. В. ELECTRIC PASSENGER 
LOCOMOTIVE 011. 


Мау 
Labor оо: 34.55 
Маїепа].................. 61.61 
Total labor and material..... 96.16 
Мїїеаде................... 1,017 
Cost per mile............... 0.094 
Average cost per mile...... 0.094 
Total miles to date.......... 1,017 
МотЕ.—Со$ in dollars. 


1914 
June July Aug 
43.59| 145.87| 114.21 
18.69| 85.08} 230.08 
62.28} 230.95] 344.29 
5.671 6,243] 6,837 
0.011 0.037} 0.050 
0.023 0.030 0.037 
6,688} 12,931) 19,768 
TABLE XI. 


211.08 
316.83 
527.91 
6,078 
0.087 
0.049 
25,846 


Oct. 


74.86 
128.33 
203.19 

8,122 

0.025 

0.043 
33,968 


Nov. 


166.71 
70.75 
231.46 
5,690 
0.042 
0.043 
39,658 


STATISTICS COVERING ELECTRIC PASSENGER MOVEMENT AND “ POWER 
КАТЕ” CONSTANTS FOR DIFFERENT SERVICES—EASTBOUND. 


New 

Haven | Stamford | Stamford Port New 

express express local Chester | Rochelle| Total 

trains trains trains 
Number of trains........ 52 901 667 185 2 1,807 
Number of locomotives... 84 1,407 859 214 2 2,566 
Number of сагз.......... 497 7,054 3,875 1,000 10 12,436 
Топпаме................ 35,625 566.033| 279,904 | 67,884 619 950,065 
Train-miles............. 3,120 18,921 14.003 2,405 8 38,457 
Locomotive-miles........ 5,048 30.954 18,894 2,889 8 57.793 
Car-miles............... 29.304 148,134 $0,263 13,000 40 270,741 
Топ-тііеѕ............... 2,108,700 |11,886,253/5,832,923 | 882,492 2,456 (20,712,824 
Kw-hr. used............ 66.076 405,835| 343,846 | 58,933 222 874,912 
Watt-hr. per ton-mile..... 31.4 34.2 59.0 66.7 90.2 42.2 


Stamford local trains include one train, New Rochelle to Stamford. 
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STATISTICS COVERING ELECTRIC PASSENGER MOVEMENT AND " POWER 


TABLE XII. 


RATE," CONSTANTS FOR DIFFERENT SERVICES—WESTBOUND. 


New 

Haven 

express 

trains 
шс 2... 2262253 
Number of trains........ 49 
Number of locomotives... 78 
Number of cars.......... 434 
Tonnage................ 31,963 
Train-miles............. 2,940 
Locomotive-miles........ 4,620.5 
Сат-пез............... 24,855.5 
Ton-miles............... 1,899,957 


STATISTICS COVERING ELECT 


Stamford | Stam- Port New 
express ford Chester | Rochelle Total 
local trains trains 

958 604 185 0 1,796 
1,502 791 IBS D ех 2,550 
6,994 3,941 972 | ...... 12,341 
574,569] 261,202} 62,559 | ...... 930,293 
20,118] 12,684] 2,405 | ...... 38,147 
33,044] 17,402| 2,497.5 | ...... 57,564 
146,870] 81,676| 12,591|...... 265,992.5 
12,065,689|5,441,943| 811,539 | ...... 20,219,128 
486,203| 346,935| 62,734 | ...... 956,772 


40.3 63.7 77.3 


TABLE XIII. 


RIC FREIGHT MOVEMENT AND “ POWER 


КАТЕ" CONSTANTS FOR EASTBOUND AND WESTBOUND SERVICE. 


‘Eastbound Westbound 
ВН 
Number of trains... 109 116 
Number of locomotives... 109 117 
Меде Of сага............. 2 939 2 829 
onnage.... 02” , ! 
Time. |... 106905 pem 
Cecomotive-miles зақ ын a 5 486 5 784 
are Ы , , 
Ton-mileg аен ED d 142,542 135,792 
Kw-hr. шо BAIE 5,184,893 4,161,888 
анн per шашы] Oe ығ 


теша мы ы ыыы ыо шы ыз ш 2222222 4 


Total 


225 

226 
5,768 
193,611 
10,837 
11,270 
278,334 
9,346,781 
307,307 
32.9 


“ . 
- 


. 
* е 


1906 MURRAY: MAIN LINE ELECTRIFICATION Пал. 20 


TABLE XIV. 
COST FOR CATENARY CONSTRUCTION 


Curve 

Curve Curve Curve 3°-1’ to 4° -0’ 

6-track compound Tangent |0°-1’ to 19-0'|19-1' to 2?-0']12?-1' to 3?-0'| 260 ft. span 

catenary 300-ft. span| 300-ft. span | 300-ft. span | 300-ft. span | with pull-off 
и $14,390 $17,810 $19,600 $23,480 $27,500 
Сопсге{їе.............. 4,920 5,640 6,330 7,600 10,600 
Catenary material..... 16,650 16,650 16,650 16,650 17,910 
Catenary labor........ 2,800 2,900 2,900 2.900 3,220 
оа] osu ous $38,760 $43 000 $45,480 $50.630 $59,230 


Curve 3°-1’ 
Curve 09-1” |Curve 19-16” Счгус 2°-16’| to 4°-45’ 


4-track compound Tangent to 19-15” to 2?-15' to 39-17 |260-ft.span 
catenary 300-ft. span | 300-ft. span | 300-ft. span | 260-ft. span | with pull- 
off pole 
Steel ugasi raias osa $9,350 $11,530 $13,280 $15,800 $18,850 
Concrete еее 3,110 2.890 4,080 4,700 7,640 
Catenary material..... 11,050 11,050 11,050 11,360 12,060 
Catenary labor........ 1,980 2,080 2,080 2,080 2,390 
Тоїа!............ $25,490 $27.550 $30,490 $33,940 $40,940 
Curve Curve Curve Curve |Оуег 4?-1' 
2-track compound| Tangent 0°-1' 19-1” 29-317 39-31” curve 
catenary 300-ft. to 1°-0’ | to 2°-30’ | to 29-30” to 4°-0’ 200-ft. 
span 300-ft.span|300-ft.span|260-ft.span|200-ft.span| span with 
pull-off pole 
Steel........ Е $6.900 $7,220 $7,830 $9,030 11.400 $16,160 
Concrete......... 3,580 3,580 4,280 4,910 6,380 10,300 
Catenary material] 5,580 5,580 5,580 5,680 5,870 6,520 
Catenary labor... 1,130 1,230 1,230 1,300 1,310 1,410 
Total....... .| $17,190 $17,610 | $18,920 $20,920 $24,960 $34,450 
Tangent and Curves above 
2-track curves up to Curve Curve 4°-30’ with 
single catenary 29-30' 29-31' to 39-31'/|3?-31' to 4°-30'| pull-off рае 


300-ft. span 260-ft. span 200-ft. span 200-ft. span 


——— ——HÀÓ— | —À— À—À— | MÀ —À Ma | M MÜ——Ho 


Dteel. 2 rs cns : $6,680 $7,700 10,500 $14,900 
Сопсгее............. 3,000 3.300 4,600 4,300 
Catenary material..... 3,530 3,600 37,60 9,000 
Catenary labor........ 510 510 525 | 650 


Жоба еа $13,720 $15,110 $19,385 $28,850 
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TABLE XV. 
COST FOR CATENARY CONSTRUCTION. 
Cost For ONE MILE SINGLE TRACK ОЕ А Six- TRACK ROAD COMPOUND САТЕМАКУ. 


Curve 


Curve Curve Curve 39.17 to 42-0” 


Tangent 09-17 to 12-0” 19-17 to 99-0” 29.1” to 39-07 | 260-ft. span with 
300-ft. span 300-ft. span 300-ft. span 300-ft. span pull-off pole 
e 
$6,460.00 $7,166.60 $7,580.00 $8,438.60 $9,870.00 


Cost oF ONE MILE SINGLE TRACK OF A Four TRACK ROAD COMPOUND CATENARY, 


Curve 
3?-1' to 49-45” 
260-ft. span 
with pull-off 


Curve 
29.16” to 39-0” 
260-ft. span 


Curve 
19-16” to 29-15” 
300-ft. span 


Tangent 
300-ft. span 


Curve 
0°-1’ to 19-15” 
300-ft. span 


$6,372.50 | $6,887.50 $7,622.50 $8,485.00 $10,235.00 
| 
елы ы елы Малга с Er E MEET 


Cost oF ONE Мик SINGLE TRACK ОЕ А Two-TRACK RoAD COMPOUND CATENARY. 


р Tangent Curve Curve Curve Curve Curve 
300-ft. span | 09-1” to 1°-0' | 19-1’ to 2?-30' | 29-317 to4?-1* | 39-317 to 4?-1* over 49-1” 
300-ft. spar! 300-ft. span | 260-ft. арап | 200-ft. span [200-span with 
pull-of pole 
———— 


$8595 | 


$10,460 


$8,805 $9,460 $12,480 $17,225 


Cost Fon ONE MILE SINGLE TRACK ОЕ A Two TRACK ROAD SINGLE CATENARY. 


Tangent and curves| Curve Curve Curves 
up to 29-30”, 29.31” to 3?-30' 39-31” to 49-30” above 49-307 with 
300-ft. span 260-ft. span 200-ft span pull-off pole. 


ERRAT DU GN, CINCO QUU pee ee ae des 
$6,860 $7,555 $9,692 | $14,425 
| 


———————'ÁÉ— — — — 


Cost FOR AN ANCHOR—AND SECTIONALIZING— BRIDGE. 


Compound catenary 


Single 
catenary 
2 track 
6 track 4 track 2 track 
c s ED 
Steel... 
2e PM Sebi are $3,200 $1,600 $900 $620 
a о ГОР Es 2,000 1,270 960 700 
oor on upper deck of bridge... 200 160 100 100 
Control apparatus and connec- 
| tions. ae eee 8.000 6.300 4,500 4,500 
еспопаНАпя................. 600 400 200 200 
ТОП, а $14,000 $9,730 $6,660 $6,120 


dox ME e DNE d Re 


Ж 
“э 
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TABLE XVI. 
COST FOR CATENARY CONSTRUCTION. 


One mile of Curve 
four-track Curve Curve Curve above 4°-1’ 
single catenary Tangent [up to 29-0'|29-1' to 3?-0'|3?-1' to 42-07| 200-ft. span 


300-ft. span | 300-ft. span | 260-ft. span | 200-ft. span |with pull-off 


Steel... kx ARAS $8,800.00 | $11,830.00 | $13,490.00 | $17,500.00 | $20,500.00 
Concrete.............. 2,930.00 3,940.00 4,200.00 5,640.00 8,640.00 
Catenary material..... 7,035.00 7,193.40 7,260.00 7,415.00 8,170.00 
Catenary labor........ :1,237.60 1,311.50 1,320.00 1,339.00 1,540.00 
Totals e Yir $20.002.60 | $24,274.90 | $26,270.00 | $31,894.00 | $38,850.00 
Curve 

One mile of Curve Curve Curve above 4°-1’ 
single track Tangent |up to 2?-1'|29-1' to 3°-0'|3°-1 ’ to 49-0/| 200-ft. span 


of a 4-track road 300-ft. span| 300-ft. span| 260-ft. span| 200-ft. span|with pull-off 


———— | 1M ——————— || |... 


Single catenary........ $5,000.15 $6,068.74 $6,567.50 $7,973.50 $9,712.50 
Steel oy ise eee m $1,200.00 
СОВЕ е Pa RERO Ж 960.00 
Anchor and sectionaliz- | Floor on upper deck of bridge....... 160.00 
ing bridge for four- | Control apparatus and connections 6,300.00 
track single саїспагу. | Sectionalizing.................... 400.00 
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TABLE XVII. 


DIVISIONS. FOR THE MONTH OF NOVEMBER, 1914, COMPARED WITH 
THE MONTH OF OCTOBER, 1914. 


Cos Сов Power Howse. 


Coal consumed (tons)......... 
Water consumed (gals)........ 
Cost of coal 


744 е ө ө ө ө е ө з ов ө э ө + 


ооо оф ө ө е э 9 ө е 5 


Cost of other supplies......... 
Maintenance of power plant and 


зоо а е ө е ө 9 ое >» 


+9 ө е а ө ө э 9 s 


Total cost, maintenance and 
орегапоп................ 
Fixed charges (interest, taxes 
and insurance)’ 


ee 5 + 


Total cost 


хоче е ө «а э э „ә $ = 


Power Consumption (kw-hr.) 
Passenger service (elec. locos.).. 
Passenger service (М.О. Cars).. 
Freight service 


* * ч ө ө c9 ө е ө зт э 9 = е « 
t8 9 $9 9 9 э ө 8 ө = о «* 


Total used by electric locomo- 
Я tives and motorcars....... 
Signals 


.. 
ооо оа є э э ө ө ө > 


Other company purposes....... 
Line loss 


a ae. er] 
ооо ә э c а ө * ет ө * 


Total used forcompany purposes 
New York, Westchester & 


** * 9 9 4 ооу» $9 9» 4 9 „э „ ө ь on 
tt 8 э 9 5 9 э €* » 4 $9 э. 


Total power used 


4442222. t «ж „з 


Maximum daily output 


.4..... 


М aximum swing 


tof 9 9 o9 ..4..... 


Maximum daily output 


+з» э 9 $8 


Average daily output... 
Power Purchased from N. Y. С. 


Power Purchased (kw-hr.) 
Cost of power 


X UMON 4595 3. ИР 


Total Power: 

Total power consumed (kw-hr).. 
Total cost of power (including 
fixed charges)... 

Cost рег kw-hr. (cents) (charges) 


EU — —  ——! 


А | |————— - 


November 
Total Per kw-hr. 
12,439.44 2.78 lb. 

38,778,000 4.33 gal. 
34 084.07 0.381 cent 
1,582.15 0.017 
317.20 0.004 
3,655.27 0.041 
6,056.62 0.068 
45,695.31 0.511 
16,106.89 0.180 
61,802.20 0.691 
2,894,465 
630,039 
1,508,306 
984,255 
10,340 
6,027,405 
107,465 
389,652 
543,235 
7,067,751 
676,144 
1.205.699 
8,949,600 


Tuesday, November 24th 


343,300 kw-hr. 
30,000 kw. 


Friday, Nov. 6—7.00 р.м, 
Tuesday, November 3rd 


249.800 kw-hr. 
301,902 kw-hr. 


1,244,021 
$16,097.67 
1.294 


10,193,621 


11,890.87 
C.764 


Friday, 


3,072,145 
499,367 
1,494,082 
848,613 
6,191 


5.920.398 
117,445 
399,401 
617,804 


7,055,048 


636,055 
1,255,139 


8,946.245 


October 
Total Per kw-hs. 
12,280.84 2.75 lb. 
35,835,000*| 4.01 gal.* 
33,526.69 0.375 cent. 
5,015.55*| 0.057 
655.85 0.007 

3,434.87 0.038 
6,704.00 0.075 
49,336.96*| 0.552* 
16,106.89 0.1$50* 
65.443.85*| 0.732* 


October 30th 


316.630 kw-hr. 
29,800 kw. 


Sunday, Oct. 4-8.27 A.M. 


Sunday, October 18th 
256,155 kw-hr. 
288,289 kw-hr. 


1,306.017 
$16,348.47 
1,252 


10,252,262 


$81,792.32* 


0.789* 
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DIscUSSION ON “ CONDITIONS AFFECTING THE SUCCESS OF 
МАІМ LINE ELECTRIFICATION,” (MURRAY), PHILADELPHIA, 
Pa., JANUARY 20, 1915. 

(Subject to final »evisios for the Transactions.) 

Alfred W. Gibbs: While recognizing the merit of the paper 
and its frankness throughout, I call attention to a few points 
where it is not sufficiently explicit, or with which I do not 
agree. 

As for the first, I allude especially to the tendency of cities to 
require electrification through their limits, usually for the pur- 
pose of eliminating smoke. While it is true that the inhabitants 
of a small community may be as much inconvenienced as those 
of the largest city, it must be recognized that this demand, if 
fully carried out, means the establishment of as many steam 
locomotive terminals as there are separate lines of road leading 
into the city, the alternative to this being the electrification of 
the whole line. These local terminals would involve not only 
a heavy capital outlay, but a continued charge to expenses, due 
to the increased cost of the additional organizations and the 
less efficient use of the labor and equipment. This is properly 
a charge to electrification, and a heavy one. 

Mr. Murray is not quite fair in his criticism of the engineers 
who are responsible for the introduction of the direct-current 
system into the large terminals in New York City. It must be 
remembered that a long period of agitation had preceded the 
determination to electrify. The electrification was to avoid the 
objection to steam operation into the heart of a great city, and 
the first condition was that it should be a success from an operat- 
ing standpoint. Is it surprising that the engineers in charge 
Should turn to methods which had been thoroughly tried out? 
In at least one case the proposal to adopt the alternating-current 
System of transmission was not seriously advanced until after a 
very large outlay had been incurred for direct-current operation, 
a large part of which would have had to be absolutely thrown 
away to introduce the new system—and that untried on a large 
scale in this country. It must be remembered, further, that any 
Serious operating failure would have jeopardized the whole in- 
vestment and put back electrification for years. The engineers 
did not then have to settle the question of future extension of 
electrification. There was not then, and there may not be for 
a long time, any necessity to consider the question of future 
road electrification. By that time the air will have cleared 
considerably. It must be admitted that the operating results 
їп New York have fully justified the engineers responsible. 

I criticize, also, the statement that one pound of coal burned 
under the boiler of a central power plant will develop twice the 
drawbar power that the same amount of coal will produce when 
burned in a locomotive firebox. Proper allowance has not been 
made for the improvement in the modern steam locomotive with 
more liberal boiler capacity and with superheat. As an example, 
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I have a record of coal per drawbar horse power for 27 tests of 
one locomotive on the locomotive testing plant at Altoona. It 
shows: 


2:0. 00-9; POUNGS: Supe uta eor ER rd eee 12 tests 
3 dO рой STU ME EVI tM wu o mE 1 tests 
2591074 "pounds ua st mW teer act dU X 3 tests 
T tod S pounds sse a Жары oae Sex VE ERR 1 test 
42040540 а ор 4 tests 


These are the rates when running, added to which are certain 
standby losses at terminals. 

The figures for the coal per kilowatt-hour at Cos Cob, as 
given by Mr. Murray, when reduced to drawbar horse power for 
the locomotive, do not justify the statement of relative efficiency. 

There is great difficulty in arriving at a fair basis of compari-: 
son between steam and electric operation. For road locomotives 
and through electric operation the problem is the simplest. 
For switching service, where the steam locomotive may waste 
more steam at the safety valve that it uses in the cylinders, the 
problem is very different. This part of the paper covers one 
of the greatest advantages of the electric operation. 

In the table giving the cost of power the total costs are not 
given. Operation and maintenance account for 0.511 cent; fixed 
charges, including taxes and insurance, amount to 0.180 cent. 
No allowance is made for depreciation in the form of obsolescence 
in the power house and its equipment. From data of somewhat 
similar power houses, I should say that the fixed overhead charge, 
including depreciation, would be nearly double the figure given, 
say 0.35 or 0.4 cent., in the inverse ratio to the output. I 
regard this part of the expense account as a most important part 
of the accounting; otherwise, the time comes with startling sud- 
denness when you have obsolete equipment, with insufficient re- 
serve to replace it. 

While making these criticisms, it is but fair to recognize 
the courage of those responsible for the electrifications described 
in this paper and preceding ones. 

The paper is, in my judgment, very instructive, and all the 
more so because no claim is made for the 100 per cent perfection 
which we never realize. 

George R. Henderson: Mr. Murray’s paper on main line 
electrification will stand out as a “classic” giving, as it does, 
actual figures for cost operation on an alternating-current 
line. Several years ago Mr. W. J. Wilgus gave similar data 
for the direct-current lines of the New York Central. Both of 
these papers show that “ uniformity” of traffic is just as im- 
portant as “ density ” of traffic, otherwise the overhead charges 
of the power plant, which must be abnormally large, will more 
than “ еаї up," any saving due to fuel consumption, repairs, 
and labor, as the plant must take care of peak loads, and these 
can only be “ smoothed ой” when the traffic is uniform. As 
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one hundred dollars per kilowatt will hardly cover power hous 
and transmission lines, the importance of this observation wil! 
be obvious. 

The fuel saving is stated as 50 per cent for a fixed draw: 
pull, yet it must be borne in mind that this comparison is made 
with the old type of saturated steam locomotives, and modern 
steam engines, fitted with superheaters, will reduce this ratio 
very considerably, say to 65 per cent the amount of coal for 
such a locomotive as would be built today. 

The fact that electric locomotives cost about three times . 
much as a steam locomotive of similar power must not be over- 
looked, also the flexibility of service of the latter is very impor- 
tant, as it may be transferred to any division desired owing |o 
traffic conditions, and is not tied to a particular section whose 
limits are the lengths of the conductors leading from the power 
house. This is of prime importance to roads carrying intcr- 
mittent business, such as live stock, which may have a week’ 
work consolidated into a single night, or on the ore ranges in 
Michigan, which deliver cargoes to lake boats only during thi 
period of navigation. Under such conditions the overhead 
charges would be out of all proportion to the work accomplished, 
and the electric locomotives would be idle a large part of tl 
time, as they could be used only on electrified divisions. 

However, we are glad to note that Mr. Murray does по 
wildly and enthusiastically proclaim electrification a “ sure cure” 
for all evils, regardless of environment and operating conditions, 
as did some electrical experts a few years ago, and the con- 
Servatism for which he pleads will surely benefit the wholc 
Problem of electrification, by insuring the large expenditures 
chargeable to capital only where they will produce remunerative 

returns from operation. 

Е. H. McHenry: Mr. Murray strikes a very important kev- 
note in the opening paragraphs of his interesting paper, in 
referring to the two-fold necessity for satisfying the require- 
ments of both the public and the railroad as the touchstone of 
Success. 

The first requisite in the interest of the public may be fairly 
claimed as already satisfied, but the greater task of insuring adc- 
quate returns to the railroads upon the large capital investments 
required for conversion from steam to electric traction is as yet 
far removed from the state of an exact science. Аз stated bv 
Мг. Murray, there are many places where electric traction could 
now be installed with profit, but the ability and ingenuity of the 
engineers will be taxed to the utmost degree in further widening 
and enlarging the present commercial field of application. The 
Progress of recent years in the development of the art all tends in 
the right direction, as with experience and a clearer perception of 

the governing principles, the commercial efficiency of the in- 
vested capital grows greater, and there is no reasonto doubt 
that the past progress will be continued in the future, with 
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the result of greatly extending the present limits. With the 
growing tendency toward the consolidation of the best features 
of all the divergent systems into one system of greatest com- 
bined merit, the so-called war of the systems is already nearly 
at an end, and even now it will be found that there is more to 
be gained by a study of the possibilities afforded by the new 
method of train propulsion in securing the closest adaptation 
of its many points of merit to the operating requirements than 
by any probable difference between rival systems. There 15 
room for much optimism in this general direction, although 
many cases will arise of special difficulty, in which the com- 
munity or that part of the public most benefited by the im- 
proved facilities, are least able or least willing to pay the cost 
of the service, as in the case of communities using costly pas- 
senger terminals, and unless some satisfactory method can be 
devised for spreading the cost of such service over a city or a 
state substantially in the form of a tax, no practical solution of 
this difficult problem will be clearly apparent. In electrification, 
as in all other branches of engineering, the highest art will be 
shown by '' the ability to make a dollar earn the most interest.” 

C. Renshaw: As a traveler climbing а mountain will often 
not realize the height he has attained until, pausing, he looks 
back over the route he has traversed, so, although from the 
beginning I have followed the New Haven electrification through 
its various stages, the summary which Mr. Murray gives of 
the electric mileage, equipment, and activity to which the road 
has now attained has impressed me particularly. 

The application of electricity to the operation of every class 
of passenger, freight, and shifting service on an entire engine 
division of one of the busiest trunk line railroads of the country 
is an achievement that stands without a parallel in the entire 
world. It should be particularly gratifying, not only to those 
who are interested in electrical matters, but to the general 
public as well, that the undertaking is proving an economic as 
well as a technical success. 

No less notable than the achievement itself has been the 
policy of the railway company in giving so freely to the engineer- 
ing public thefull results of its investigations and experience, 
not only with regard to its successes, but—what is of perhaps 
greater utility and certainly of greater rarity— with regard to 
its difficulties. The costs and other data which Mr. Murray 
has included in this paper form a valuable addition to the pre- 
vious contributions which he has made. 

As might be expected from experience with any original enter- 
prise, Mr. Murray estimates that the electrical plant of the New 
Haven road, with the ten years' experience in construction and 
operation, now available, could be reproduced today for not 
more than 60 per cent of its original cost. It should be gratify- 
ing to àll, however, that he also states the financial return will 
ultimately be sufficient to justify the actual expenditure to 
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date, so that the courageous pioneer will not be a loser. Some 
road, he says, had to make the first break into the dark, but, 
from the data assembled, future results in the application о! 
electricity in heavy trunk line territory can be predicated on 
assembled facts and not predicted from hypothetical analysis. 

In considering the economies over steam operation, by means 
of which electrification can justify the investment which it re- 
quires, Mr. Murray puts the matter very simply by pointing oui 
that these economies are normally of three kinds; t.e., saving in 
fuel, saving in motive power maintenance and repairs, and sav- 
ing in train-miles. 

Broadly speaking, he says the costs of the first two items 
under electrification will be one-half the cost under steam 
operation. The saving in train-miles, however, depends уег\ 
largely on local conditions and cannot well be generalized. 
Success in electrification, therefore, is primarily depende: 
upon density of traffic. This reduces the matter pretty well to 
its lowest terms and should help eliminate some of the myster« 
with which the savings to be effected by electrification havc 
apparently heretofore been surrounded in the minds of man: 
railroad operating officials. 

А detail in the paper which deserves particular comment is thc 
fact which is pointed out.that an electric locomotive, like ап 
over-willing horse, may work itself to destruction if permitted 
to do so. While it is perfectly possible to keep the cost о! 
maintenance and repairs at one-half those of steam locomotives, 
under conditions most favorable to steam operation, Mr. Murray 
Says it is only by the most rigorous and careful inspection and 
Conformity to proper rules of operation that this can be done. 

This fact 1s one of the most difficult to 1mpress upon thc 
Minds of steam railroad operators, and it is to be hoped that 
the figures of 8.6 and 10.6 cents per mile for the maintenance 

and repairs of the general average of New Haven locomotives, 
as compared to the average of 3.96 cents per mile for the ten 
locomotives which have been properly overhauled, will have 
Some effect in bringing about a more thorough realization о! 
this important matter. Incidentally, this figure for the main- 
tenance and repairs of ten locomotives, making 466,524 miles 
1n the seventh year of their age, is a remarkable commentary 
Om the reliability of such equipment when handled intelligently. 
The paradoxical action of heavy freight trains in steadying 
the power house load instead of causing an increase in the peaks, 
as it was feared they would do, is also of interest. The fact that 
these trains, by dropping the voltage slightly, when drawing 
heavy accelerating currents, naturally cause other trains moving 
at high speed in the neighborhood to automatically reduce their 
power requirements, is readily appreciated when once noted, 
but is one of the many items brought out by actual experience 
which are often overlooked in advance calculations. Fortu- 
nately, in this case the unforeseen item is one which produces 
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a favorable rather than an unfavorable effect on the operation 
of the system. 

Many other items which Mr. Murray has set forth are also 
worthy of comment, and the entire paper forms a valuable con- 
tribution to the subject. We hope that it may serve as an in- 
spiration to other engineers in active touch with the operation of 
similar properties to present their experiences with equal freedom 
for the general benefit of the art. 

F. E. Wynne: Mr. Murray’s paper is a very valuable con- 
tribution to the literature of electric railroading, not only on 
account of the operating data which it contains, but because 
of its clear exposition of the broad principles to be considered 
in deciding whether an electrification will be successful. In 
the past electrical engineers have been accused (and to some 
extent rightfully so) of advocating wholesale electrification of 
steam railroads without regard to the measure of success which 
might be expected. It is therefore very pleasing to find a rep- 
resentative electrical engineer taking the stand that an electri- 
fication is only justified when it is an assured success from the 
standpoint of all parties concerned. 

The figure of $15,000,000 given as the expenditure for elec- 
trification of the New Haven Railroad to date indicates that the 
expenditure has been $120,000 per unit of motive power and 
$30,000 per mile of single track. Complete electrification of the 
New York-New Haven division will be accomplished without 
additional expenditure for trolley construction (whichisa very 
large proportion of the total), and consequently these unit figures 
will be somewhat changed. The total expenditure per unit of 
motive power will gradually decrease and that per mile of single 
track will increase to some extent because of the large number of 
electric engines in service without increase in the mileage of 
the electric zone. 

The further statement that the present plant could berepro- 
duced at the present time with better operating results for not 
more than 60 per cent of the actual cost to date, indicates that 
for an installation similar to the New Haven the total cost may 
be made less than $70,000 per unit of motive power, while the 
cost per mile of single track will be in the neighborhood of 
$20,000. These figures, as noted by Mr. Murray, represent the 
cash outlay, and in determining the net cost of electrification 
thev will be reduced by the credits for steam equipment replaced, 
etc. 

The figures given for mileage show that passenger locomotives 
average approximately 170 miles each, daily, and that only 
22 per cent of total number of passenger trains have the full 
run of seventy-three miles. "This daily mileage per locomotive 
is comparable to that secured from electric cars operating in 
rapid transit and heavy interurban service. It therefore seems 
reasonable to assume that when all through trains are electrically 
operated the average daily mileage per locomotive may be 
materially increased. 
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Similarly, the multiple-unit motor cars show an average of 
eighty-four miles each, daily. This is relatively low, but is un- 
doubtedly due to the fact that local trains are bunched in the 
morning and evening rush hours to a greater extent than is 
ordinarily found. This low mileage, together with the fact 
that over half of the total multiple-unit trains operate with only 
one trailer per motor car, indicates that the railroad is not yet 
getting the full benefit of the rather large equipments on the 
motor cars. 

The figures given in connection with the operation of the 
switching engines illustrate the remarkable reliability and operat- 
ing economy of electric locomotives in this particular class of 
service. Such results lead us to believé that the field for the 
electrification of railroad yards is a large one and that consider- 
able progress in this direction will follow a full appreciation of the 
success which may be expected. As density of traffic is one of 
the largest factors in determining the advisability of electrifying 
main lines, so the desirability of yard electrification will largely 
be determined by the degree of congestion existing. In such 
installation the initial expense may be reduced to a minimum 
where central station power is available. 

Mr. Murray states that electrification very quickly increased 
the reliability of operation to some three or four times that of 
the steam operation it replaced. We do not altogether under- 
Stand what 1s the measure of reliability used in making this com- 
Parison, but assume he means that the number of failures were 
from one-third to one-fourth as many as were encountered during 
Steam operation for a similar period. 

In connection with Mr. Murray’s statement that maintenance 
and repairs on electric locomotives amount to approximately one- 

half those required for steam locomotives with equal weight on 
drivers, I should like to ask whether operation in equal service 
also should not be part of the basis of comparison. 

The remarks regarding the differences in the natures of elec- 
tric and steam engines are particularly pertinent, and Mr. 

urray's plea for electrically-trained men in the administrative 
€partment of electrified steam railroads points out one of the 

things which is of the highest importance in securing the fullest 
Measure of success in electrifications. 

It is interesting to note the results secured in connection with 
energy consumption, as these closely check the accuracy of cal- 
culations made in connection with this service, thus illustrating 
the fact that the energy consumption with electric operation 
can be very closely predetermined where trains are operated on 
& Steam railroad basis; that is, with definite schedules and de- 
finite stops. The figures given show, further, how rapidly 
the consumption of energy increases with the increasing number 

of stops as indicated by the several classes of service. Since the 
electrical equipment is merely apparatus for converting electrical 
into mechanical energy, it follows that with increased unit en- 
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ergy consumption increased work is required of the electrical 
equipment, and therefore electric locomotives will safely handle 
much greater tonnages in through service than in local service. 
They will also handle greater tonages at moderate Speeds than 
can be operated at high speeds. 

The information regarding the improvement of fend: factor 
and smoothing out of the curve of power station output with the 
addition of trains (even though those trains were comparatively 
heavy) illustrates a principle which has been found to exist іп 
connection with city and interurban electric railways namely, 
that the peak load on the system increases less rapidly than in 
proportion to the increase in number of cars or trains operated. 
However, in city and interurban systems this is probably due 
more to the fact that, as the number of cars operated increases, 
a smaller proportion of the total are starting simultaneously, 
rather than to the fly-wheel effect of the moving cars. We are 
inclined to the opinion that with further increase in the number 
of trains electrically operated by the New Haven Railroad some 
benefit in the improvement of load factor and reduction of 
peaks will be secured from this source, as well as from the fly- 
wheel effect of the moving trains. 

The reduction in cost of the trolley construction which has 
been made since the initial installation shows great progress in 
the right direction. However, we believe that itis not yet suffi- 
ciently low to represent maximum all-round economy. This 
belief is strengthened somewhat by Mr. Murray’s statement of 
the extraordinary reliability of the overhead construction in 
stormy weather. This great degree of reliability leads us to 
question whether part of the cost of the overhead construction 
may not be due to its being designed with an unnecessarily great 
factor of safety. 

In connection with Table XVII, only interest, taxes, and in- 
surance are specified as fixed charges. I should like to ask 
whether a depreciation allowance is included in the figures given. 

I feel that the Institute is to be congratulated upon securing 
the presentation of such an able paper, and trust that its author 
may continue to make public his valuable data regarding the 
principles of railroad electrification, to the end that electric 
operation of steam railroads may be extended and may be at- 
tended by the greatest success. 

Philip Torchio: The growth of large electrical undertakings 
has been the evolution from small beginnings. In the case of 
railroad electrification, however, the problem has been quite 
different. With an established heavy traffic which does not 
allow of interruption or delays, a new system of traction is to 
be substituted, requiring radical structural changes all along 
the line and an entire new system of power generation and 
distribution. 

The engineers confronted with the problem have attacked it 
in a comprehensive and thorough manner, developing complete 
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systems as self-sustaining and autonomous as the progress of 
the art allowed them to accomplish at the time. Mr. Murray 
has described the operation of a system which really went a step 
further and anticipated the progress of the art by many years. 
The importance of this epoch-making “ experiment ”’ is naturally 
very great. 

The author emphasizes the point that the experience of the 
New Haven will benefit the other railroads in solving their prob- 
lems of electrification. In this connection I wish to call atten- 
tion to the item of investmentsin power houses and power-trans- 
mitting lines, which in all the original electrifications were as- 
sumed as a necessary part of the equipment, but which in late 
years the railroads have found more economical to omit from 
their investment, substituting purchased power delivered to 
them by central-station power companies. Тһе New Haven has 
purchased from the New York Edison Company all the power re- 
quired for its western section of the alternating-current lines and 
terminals. The Pennsylvania Railroad has purchased from the 
Philadelphia Electric Company tlie power for the electrification 
of its main line from Philadelphia to Paoli and for its other con- 
templated extensions around Philadelphia. The London, Brigh- 
ton and South Coast Railway Company buys current from the 
London Electric Supply Corporation, Ltd. The Chicago, Mil- 
waukee and St. Paul Railway and the Butte, Anaconda and 
Pacific Railway buy power from the Montana Power Company. 

Along every large railroad where the heavy traffic would 
warrant electrification there is, or can be made readily available 
abundant supply of electrical power from power companies. 
These companies, by averaging the power demand from a great 
diversity of users, reap economical advantages in investment and 
11 generation and distribution of power which the railroad can- 
not secure under independent generation. I wish to call atten- 
tion to this phase of the problem, as the saving in investment 
in stations, substations and transmission lines may represent 
a sensible item in the investment of railroad electrification. 

‚ The central stations, besides offering investment and operat- 

ing advantages, can furnish, in addition, a more reliable supply 

ot power, because they command the best knowledge of the art 

E electricity supply, which is their exclusive and specialized 
$11655. 

W. А. Del Mar: This paper is interesting not only аз a state- 
ment of operating results with the single-phase system of trac- 
tion but also as a basis of comparison between steam and elec- 

tric traction. Indeed, so nearly equal are the principal elec- 
tric Systems from an economic point of view that we may well 
afford to neglect their rivalry in view of the more vital rivalry 
between steam and electricity. I believe that the '' battle of 
the Systems ” was largely caused by the advocates of each 
System being so carried away by enthusiasm as to be unable 
to tell the whole truth, whether in defending their own or 
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criticising the others. Неге, at last, we have a presentation of 
operating results, making it unnecessary to base conclusions 
upon specious arguments about details. 

It is unfortunate that the operating costs are given for only 
two months of the vear. The results would have been more 
valuable if they had been based upon a complete year, as it is 
almost impossible to select two really representative months, 
especially in view of inevitable variations of maintenance costs 
of equipment. The omission of the annual fixed charges is 
also to be regretted, as it is well known that the running charges 
can be made less with electric than with steam traction, but it 
is not always clear whether the fixed charges added by the elec- 
trical plant will destroy the favorable balance due to operating 
economies. Various cost data are presented, but in such form 
as not to be available for calculating fixed charges. We do 
not know, for example, whether the $15,000,000 expenditure 
mentioned by Mr. Murray includes the cost of reducing tele- 
phone disturbances and of altering the right-of-way to conform 
with electrical requirements. 

One cannot help being appalled at development charges 
amounting to 40 per cent of the entire investment, as one 
would infer from Mr. Murrav's statement that the present 
System could be replaced for 60 per cent of the originalinvest- 
ment. Ап interesting feature about the installation has been 
the development from the complex to the simple in mechanical 
details, and vice versa in the electrical features. 

Examining the operating costs with the view of comparing 
them with steam operating results, one is confronted by a series 
of questions which, if unanswered, will render such comparison 
difficult. Having gone to great trouble to segregate and clearly 
present the operating costs, Mr. Murray proceeds to obtain unit 
costs by dividing these operating costs by car mileages and train 
mileages of unspecified nature. It is to be hoped that Mr. 
Murray will state the nature of the mileages with greater detail, 
particularly as to whether they include yard switching and light 
locomotives. These two items may easily amount to 15 per 
cent of the entire mileage. 

The fixed charges given for the Cos Cob power station ap- 
pear to be very low. It would be interesting to know whether 
they include depreciation. 

An interesting feature of the New Haven installation is the 
use of meters on the locomotives. This enables an intelligent 
estimate to be made of the relative cost of different classes of 
service, such as passenger locomotive, freight, and multiple-unit. 
Meters on locomotives are not very accurate, due to vibration, 
but it is interesting to note that, provided the vibration is im- 
partial with respect to making the meters read high or low, 
the probable error in the aggregate reading will be quite small, 
due to the large number of locomotives. Thus where there are 
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100 locomotives a possible error of 20 per cent in each meter 


will cause a probable error of only “100 = 2 per cent in the total. 

Electric railway men should feel very grateful to Mr. Murray 
for this paper, which will long be consulted as a classic upon a 
great engineering topic. 

R. H. Wheeler: In this paper there comes a boon to those 
interested in the application of electricity to train movements, 
in the practical definitions of conditions which affect the suc- 
cess of a railroad electrification, supplemented by copious data 
resulting from an extended period of operation. The haze from 
the “ shots ” of the '' battle of systems ’’ now clears away from 
the single-phase side of the field, showing an interesting array 
of results achieved. | 

Two points, from the many ably put forth, appeal to те 
for special emphasis. These are vital to the success and quantity 
of success, which latter is the chief “ lure" of electrification. 

First.—The careful analysis and choice of a form of electric 
power which may be standardized for all classes of train service 
on that road. 

Second.—The '' inheritance " to electric operation of '' steam- 
trained " operators. 

Under electric operation the power plant is separated from 
the locomotive, and it is evident that the economy of energy 
transmission, from its source to the wheels of the engine, is 
paramount. The overhead contact wire lends itself very readily 
to this transmisson duty, in yards, terminals, on the road, and 
elsewhere. For reasons of high economy of transmission and 
diversity of transformations, Mr. Murray suggests that this 
wire be energized with 11,000 volts single-phase, 25-cycle power. 
By the use of the mercury-arc rectifier the admirable qualities 
of the series direct-current motor can be retained. This motor 
IS especially desirable where the '' density of traffic" factor is 

ighest, as in suburban and terminal electrification, on account 
of its accelerating capabilities and weight economies, both in 
itself and its control. However, to carry about a rectifier upon 

€ class of equipment employed in terminal service, even if 
rectified single-phase current were suitable, would impose а 
serious handicap in both weight and control complication. 

€ctified single-phase current is not ideal for direct-current 
Motors of the usual design, requiring increased thermal capacity 
and thus weight. These reasons militate against the “ standard ”’ 
Proposed as suitable for all classes of train service. 

Owever, by placing the rectifier in the roadside substations 
iie taking advantage of the economies and freedom of dis- 
turbance to other local circuits of a balanced three-phase, 60- 
T е supply, another ‘‘ standard " results which supplies, over 
E Overhead contact wire, power at 3000 volts direct current, 
id which has the desired essentials of transmission economy 
nd standardization of motive power equipment. In the case 
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of heavy grade divisions operated by rectifier substations, 
engines arranged for regeneration would be employed. This 
second '' standard ” is offered to emphasize Mr. Murray's defi- 
nition of the successes arising from a choice of energy which can 
be standardized. А railroad which, in its initial electrification, 
utilizes a system which is capable of being extended through 
successive increases of electrically-operated territory has gone 
far to ensure successful electrification. 

With the figures Mr. Murray presents, indicative of thesuc- 
cessful operation of the New Haven motor cars and a-c. d-c. 
engines since the last overhaul in a well-appointed maintenance 
shop, it is evident that the straight alternating-current engines 
will show greater economies. When the data are available from 
the Butte, Anaconda and Pacific Railroad, Chicago, Milwaukee 
and St. Paul Railroad, and Canadian Northern Railway, giving 
results of operation, especially as the latter is to employ 2400- 
volt motor cars, another decisive step towards standardization 
can be made. 

Secondly, I wish to emphasize the important part that 
“heredity " plays. Mr. Murray states that a thorough under- 
standing must be had of the fundamental differences between 
steam and electric operation. Electric operation is a more 
exact science than steam operation, since a great many of the 
variable factors are removed. Chief of these, the power gen- 
erating plant, is removed from the hands of the fireman, and he 
cannot now produce more power to get an overload engine over 
the road. Certain rules and axioms the officials of the operating 
department must appreciate in adapting themselves to the era 
of electrification. 

As well, the proper care and thorough inspection of electric 
equipment should be insisted upon and the long life resulting 
from renewals and not repairs be gained. It takes thorough 
investigation and time to care for such equipment, and in the 
early stages a little more leeway should be given the shopmen. 
Cooperation in these things will produce the economies which 
make an electrification successful. 

W. S. Murray: The writer takes this opportunity of ex- 
pressing his appreciation of the many interesting points and 
suggestions that, have been brought out in the discussion of 
the paper. 

Before specifically commenting on the individual discussions, 
the writer desires to draw attention to an (apparent) error in 
the paper, which appears in Table XVII, under the statement 
covering the output of the Cos Cob station. In that state- 
ment the fixed charges are named as 1.8 mills per kw-hr. This 
statement is based upon certain discounts allowed by the 
railroad company on installation charges, and also does not in- 
clude depreciation. For outside comparative purposes, however, 
the rate of 1.8 mills should be changed to 2.9 mills, the latter 
figure being based upon an eleven per cent rate on the total 
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investment involved, carrying with it interest, insurance, de- 
preciation, and taxes. The total cost, therefore, for current 
would become 8.01 mills per kw-hr. instead of the rate named 
in the paper of 6.91 mills, the former and larger figure being 
then in form, as previously stated, for comparative purposes. 

I am indebted to Mr. H. P. Davis, vice-president of the West- 
inghouse Electric and Manufacturing Company, for his valuable 
discussion, and it 15 hardly necessary for me to point to the fact 
that not a little of the success in the application of high-tension 
alternating current to heavy traction systems is due to Mr. 
Davis. In particular we are indebted to Mr. Davis for the 
system of control that is used for electrical sectionalization, 
and, while the New Haven system now in service has been 
modified considerably to conform to the rearrangement of its 
Circuits to reduce to a minimum electromagnetic induction, the 
earlier and basic elements which were worked out largely under 
the suggestion and cooperation of Mr. Davis are found in the 
system now controlling our entire lines. 

Mr. Davis’s long connection with the development of heavy 
electric railway equipment lends authority to his voice in com- 
menting on the proper treatment which should be accorded elec- 
trical equipment. It might be said of electrical as compared 
with steam equipment, that it is possible to get twice as much 
out of 74 and it 1s four times as different, and the brains and 
fingers that are to handle the electrical equipment should have 
an electrical rather than steam instinct governing them, for 
the rapid progress and success of the application of electricity 
to heavy traction railways will largely depend upon the recog- 
nition of these simple facts. 

Of the various departments of a railroad, covering respectively 
executive, traffic, transportation, legal, operating, and engi- 
neering matters, it were natural and seemingly logical to assign 
an electrification problem to its engineering department, and 
yet the advance of the art in the application of electricity for 
heavy traction purposes has been so rapid that I venture the 
Opinion that ninety per cent of the chief engineers of all the 
roads in this country, being so perfectly unacquainted with the 
underlying principles of the generation and application of elec- 
tricity, would shrink from such a responsibility. It is to be 
noted that a few roads have placed their engineering department 
under the jurisdiction of their operating department, under 
Which arrangement an assignment of the problem to the engi- 
m ng department jeopardizes still further the desired result. 
he railway company will do well, therefore, when it decides 

9 make so radical a change in its motive power, involving 
muhons of dollars, to assign that responsibility solely to a man 
о to assume it, and also to see to it that his hands are 
eo by having to report to officers in the engineering and 
n Ing departments, who are unacquainted with the govern- 

8 Principles of electricity; indeed, on the contrary, it is my 
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opinion that these departments should be requested by the 
president to cooperate to the full with the officer responsible 
for the work, thus clothing rather than robbing him of the 
authority so essentially necessary in producing an electrical 
plant to accomplish an electrical result. 

As the above is true in the matter of electrical engineering 
and construction, it is to a very great extent true in the matter 
of operation, and, as pointed out in the paper, while no radical 
change is necessary in the general railroad organization of to- 
day, I cannot too greatly emphasize the absolute truth that 
when a railroad company has adopted electricity to be its motive 
power the operating officials should state the schedules and соп- 
sist of trains, and then abide by the decision of the electrical 
officer (whose duties might be defined as “ іп charge of electrical 
engineering and construction and the features of electrical opera- 
tion ") as to what power, both generative and motive, is neces- 
sary. 

In the past there has been an appalling attitude on the part 
of officials of some steam railroads electrifying—rather than 
welcoming the selection of electrically-trained men for posi- 
tions such’ as superintendents of electrical shops, road fore- 
. men of electric engines, master mechanics for electric engines, 
to insist that these positions be filled Бу men who have occu- 
pied seemingly analogous positions under steam locomotive 
conditions, notwithstanding their past environment, experience, 
and adaptability to the new and different conditions confront- 
ing them make them unfit, both from a safety and economic 
standpoint, to serve. Railway managements are now waking 
up to these facts, and in the last year great improvement in 
the electrical personnel of the operating departments has re- 
sulted. There is much along these lines to be accomplished 
yet, and dire necessity, as much as anything, has brought about 
the real and final awakening of a differentiation between elec- 
trical talents that apply and those of steam that do not. "This 
information is too vital, and, indeed, as it constitutes the verv 
rivets and gusset plates of the electrification bridge over which 
we are crossing to more economic, safe, and satisfactory rail- 
roading, it has a fitting place here. It has beena strenuous 
past; the bills have all been paid, and as sure as they represent 
the millions of dollars lost in the past, so do they equally re- 
present the millions of dollars to be saved in the future, and so 
at least we can sav it has taught us “ how not to do it." 

Referring to Mr. MclIlenry’s comments: It has always seemed 
to me that electrification has been an advantage to “ the many" 
at the expense of '' the few." While it is true that electrifica- 
tion for economy's sake bids fair to preémpt the use of it for 
necessiLy's sake, still it is fair to believe that the consideration 
of electrification of city terminals carries for the present a more 
popular justification, and if it can be proved beyond doubt 
that the electrification of city terminals imposes a financial 
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burden upon the railroad, it would seem to me that Mr. Mc- 
Henry’s suggestions of an “ outside " tax should find justifica- 
tion. 

In Mr. George R. Henderson's valuable contribution to the 
paper an excellent point is made with regard to the uniformity of 
traffic being a most important adjunct in securing the economies 
of electrification. In nearly all the situations of electric power 
generation and distribution we seldom, if ever, hear of one 
wherein а 100 per cent load factor obtains. There are thus 
certain hours in a day, and in railroad work generally two such 
periods (if only the passenger service is operated by electricity), 
when the power requirements are at a maximum. It is thus 
seen that at all other times of the day and night full advantage 
is not being taken of the total electrical investment.  Realiza- 
tion upon Mr. Henderson's suggestion is to a large measure 
accomplished by the electrical movement of freight as well as 
passengers, as the maximum power demand for the former can 
be made to follow at the time of minimum demand for the latter. 
Those who have studied the matter of load factors in their 
application to lighting and street railway properties have ac- 
customed themselves to such figures as from 35 to 45 per cent 
and sometimes reaching 50 per cent load factor. I have no 
doubt it will be of interest to state that in plotting the combined 
load curves of the New Haven passenger, freight, and switching 
services without any rearrangment of the schedules as they are 
made up today a load factor of 75 per cent is secured, which 
figure, I am sure Mr. Henderson will agree, bespeaks the uni- 
formity of the density of traffic at least in the New Haven 
case. It is apparent, therefore, that in the study of electrifica- 
tion equal consideration should be given to both freight and 
passenger movement. 

With regard to fuel saving, if the economy of generating units 
remained fixed, it would be fair to grant Mr. Henderson's point 
with regard to the change of ratio from 50 per cent to 65 per 
cent. On the other hand, the thermal efficiency of generating 
plants is easily keeping pace with that of steam locomotives, 
and, granting this, there are no other constants or variables 
which will tend to alter the ratio of one or two in favor of the 
fuel economy of drawbar pull bv central electrical stations 
Versus steam locomotives. 

Mr. Henderson's point with regard to the transfer of steam 
locomotive power to different divisions of a road where con- 
gestion may require is interesting; I can conceive, however, of 
: division electrifying, with economy, not inclusive of the 
2 credits due to the steam locomotives replaced, thus 
ва а providing steam locomotives for service іп the 
shee districts. The principal value of Mr. Henderson's 
‚їсс! с on this matter, to me, is in pointing out that every 
5 ation is a study іп itself, and in electrifying one division 

ect may be felt in many different ways in other divisions. 
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I am indebted to Mr. F. E. Wynne for his unit analysis of 
investment cost. I think that he has transformed electrification 
investment into a very unique and interesting basis for con- 
sideration. His assumption with regard to the limitation of 
passenger locomotive and multiple-umit car mileages is entirely 
correct; the morning and afternoon suburban traffic to and from 
New York City, with its close headwav, makes the problem of 
securing high car and locomotive mileage most difficult. 

Answering Mr. Wynne’s question as to the statement of in- 
creased reliability of operating when electric was substituted 
for steam service, I would advise that this was, as he surmised, 
upon a failure basis. A fair average for steam locomotive opera- 
tion might be cited as 5000 miles per engine failure, whereas 
with electrical operation it certainly should be 12,000 andin a 
number of instances on the New Haven it has been as high as 
18,000, and it 1s my understanding that both the Pennsylvania 
and the New York Central have reached figures higher than 
this, our own mileage having been lower than the others, due 
chiefly, I think, to the requirement of the dual a-c-d-c. opera- 
tion. 

I am entirely in agreement with Mr. Wvnne that the main- 
tenance and repairs on electric locomotives should be compared 
to those of steam upon the basis of equal service and weight on 
drivers. 

Again I find comfort in Mr. Wynne's emphasis upon the 
high importance ofsecuring the proper electrical administrative 
forces in the electrified zones of steam railroads. 

Answering Mr. Wynne's inquiry with regard to Table XVII, 
as explained in my general note at the beginning of this dis- 
cussion, no allowance was made for depreciation under fixed 
charges. 

Mr. Philip Torchio's contribution is of great interest, and 
shows the trend and possibilities of large central-station power 
in the field of electrification. The introduction of an alien power 
to produce drawbar pull upon a railroad 1s certainly a departure 
from past practise. The acceptance of this practise hyphenates 
the name of the mechanical superintendent, and the central 
power stations who have relieved him of a part of his duties will 
do well to see that this new step 1s justified, and it can only be 
justified bv a practically perfect continuity of service. 

Many railroads electrifying will insist upon the internal con- 
trol of their entire power, others will mingle purchased power 
with their own power, and, finally, still others will depend en- 
tirely upon purchased power. I see no particular difficulty 
arising in anv one of these three arrangements of supply, and 
I have agreed with Mr. Torchio that the only true basis fora 
contract by a railroad for the supply of outside power will be 
that that power can be supplied with the same reliability as 
the power could be produced by the railroad company and at 
equal cost. 
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The higher thermal efficiency secured in the use of large 
generating units affords an opportunity for large central-station 
plants to sell power to railroads, a measure of the justifiable 
profit in this sale being in the difference in efficiency between the 
smaller generating station (required by the railroad) and that 
of the central station. Such an arrangement as Mr. Torchio 
has pointed out provides an economical supply of power, and 
at the same time obviates the necessity of the railroad company 
investing in this feature required for electrification. Indeed, 
and digressing for a moment, I will go a step further under Mr. 
Torchio’s thought and say that in these days when railroads are 
so hard up for cash the “ equipment trust ” offers a relief in the 
matter of the purchase of electric motive-power equipment, 
leaving as the only cash investment necessary, on the part of 
the road electrifying, that incident to the cost of the distribu- 
tion and contact system required for the operation of its trains, 
and such buildings or modifications of buildings as will cover 
the shopping requirements of the new electrical equipment. 

Commenting on Mr. Alfred W. Gibbs’s valuable contribution 
in the discussion: His first point is well taken, and has been long 
recognized as one of the serious capital and operating expendi- 
tures where the problem of electrification is applied to deviating 
lines entering a city, and unless, as Mr. Gibbs points out, each 
one of these lines is electrified throughout the entire division, 
it is necessary to arrange local terminals to permit a change 
from steam to electrical operation. Such a condition, for ex- 
ample, is manifest in the study of the electrification of the various 
lines of the New York, New Haven and Hartford, the Boston 
and Albany, and the Boston and Maine Railroads entering the 
city of Boston. As Mr. Gibbs advises, this is quite properly 
a charge to electrification, and a heavy one. On the other 
hand, large cities gridironed with their entering roads may have 
a density upon these tracks which will permit the terminal 
charges and still be within the economic limit of electrification. 


The tendency will be, of course, to electrify roads entering the. 


cities upon which the greatest traffic obtains, and those having 
a lesser density will in turn be electrified as increased density 
justifies. The difficult financial situations іп which the rail- 
roads of today find themselves are becoming better appreciated 
daily by the public, and it is safe to assume that, as density of 
traffic is the controlling factor in electrification, a city’s people 
will see the justice of such a proposed procedure. 
fear my little remark with regard to the third rail “ having 
gone to seed” has unwittingly lodged in Mr. Gibbs’s vermiform 
т and will necessitate a slight operation on my part. 
E m hasten to withdraw any seeming attitude of criticism 
ES. p part with regard to the engineers who were responsible 
in ie Ne of the direct-current system, particularly 
road С ew York City terminals. That the Pennsylvania Rail- 
Ompany has adopted the overhead system for its Phila- 
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delphia electrification, I confess, offered partial grounds for the 
suggestion that the third rail was past its flowering stage. 

Mr. Gibbs's table showing the economy of steam locomotives 
with more liberal boiler capacity and with superheat is most 
interesting. The note that Mr. Gibbs adds, however, that 
“these are the rates «hen running, added to which are certain 
standby losses at terminals," transforms '" test " into practical 
conditions, and, as explained in ту commentaries оп Mr. 
llenderson's discussion, the improvement in thermal efficiency 
of central power stations can easily keep pace with any similar 
improvements in the steam locomotives. I feel sure that Mr. 
Gibbs will later find that my statement with regard to this 
matter 15 correct, and, if he does so, will take the first oppor- 
tunity to withdraw his criticisms of mv statement that ‘ one 
pound of coal burned under the boiler of a central power plant 
will develop twice the drawbar power that the same amount of 
coal will produce when burned in a locomotive firebox.” When 
I made the statement I had, of course, reference to the average 
conditions of practical operation. 

As explained in the paragraph preceding my commentary 
on the general discussion, the figures for depreciation upon the 
Cos Cob power station were not included, and for comparative 
purposes they should have been allowed. Mr. Gibbs has named 
a rate of 0.35 cent, or 4 cents per kw-hr., as the amount that 
should apply, and it 1s to be noted that upon the basis of 11 per 
cent upon the total investment made, covering interest, insur- 
ance, depreciation and taxes, the figure 0.29 cent, while less, 
does not differ greatly from that suggested by Mr. Gibbs. 

Mr. Wheeler discusses most interestingly two vitally ппрог- 
tant points in the matter of electrification: 

(1) The form of electric power which mav be standard- 
ized for all classes of train service. 

(2) The inheritance in the electric zone of 
trained ’ ' operators. 

With regard to (1), the question of the location of the rectifier 
on or off the locomotive will always admit of local analysis for 
the most economic result. Mr. Wheeler has pointed out some 
very interesting possibilities in this direction. 

With regard to (2), the matter of electrical administration, 
I have already expressed myself at such length on this matter 
that it will be only necessary to acknowledge with interest Mr. 
Wheeler’s concordant sentiments. 

Mr. W. A. Del Mar has asked some very pertinent and inter- 
esting questions, which I am very glad to answer. With re- 
gard to the expenditures made to reduce telephone disturbances, 
and of altering the right of way to conform with electrical re- 
quirements, these were included in the general figure of $15,- 
000,000 mentioned in the paper. It is of interest, however, to 
note that past experience has indicated a proper method of 
laying out the transmission and distribution system whereby 


“ 


steam- 
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automatic compensation for telegraph and telephone disturbance 
can be secured for a very nominal amount. For example, in 
the case of the electrification of the four-track lines between 
Stamford and New Haven, the arrangement of transmission 
and distribution for the most economic traction result proves 
the most efficacious for reduction of the telegraph and telc- 
phone disturbances. 

It is of interest to note that Mr. Del Mar is appalled at the 
development charges of the single-phase system, and, while I 
am at a loss to understand how a “ fact " can be presented іп an 
"ingenious way," as an example of a reduction of costs, our 
strain insulators in 1907, when we first began the electrification, 
cost $63. Today, with factors of safety three times both the 
electrical and mechanical values they had in their original in- 
stallation, the cost has been reduced to $7. А longer experience 
in the handling of work-train service and the administration of 
construction work upon those work trains are points along the 
curve representing 40 per cent in the reduction of construction, 
etc. 

With regard to the four questions Mr. Del Mar has asked, 
I am glad to answer them as follows: 

(1) О. Do these mileages include or exclude yard switching? 

A. The mileages given for both passenger and freight 
service do not include yard switching (yard switching is taken 
care of by yard switchers designed especially for that purpose). 

I would advise, however, that the locomotive-miles as shown 
on line 2 of the operating statistics, in the case of both the passen- 
ger and freight service, include the mileage of locomotives in 
trains and also the miles '' run light " between engine-houses and 
Stations. In figuring the passenger operating costs, however, 
the mileage of engines “ гип light " between stations is also 
included, thus giving the total passenger locomotive-miles, and 
іп figuring the operating costs on freight locomotives likewise 
the miles of light moves and the mileage of locomotives switch- 
ing at way stations on the main line are also included. It 
would doubtless be of interest to Mr. Del Mar to know that we 
have added a third sheet of statistical information having ref- 
erence only to yard switching mileage and yard switching costs, 
which sheet had not been inaugurated at the time the paper 
Was written. 

(2) Q. If they exclude yard switching, do not the operating 
costs appear unduly high? If they include yard 
switching, how is it estimated? 

4 А. Тһе above answer to Question 1 doubtless serves as 
= 22. to Mr. Del Маг’ second question. While agreeing 
м о that the costs аге high, I only hope that I have 
2. - reason for this clear, especially in view of the typical 
ic 1. costs of maintaining the ten engines which at the 

Spee е paper had received a full overhaul in the new shops. 

MR lously explained, some of these engines had run 300,000 
Without undergoing any general repairs. 
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(3) Q. Are hight locomotive mileages included іп train-miles? 
A. The train-miles did not include the mileage of loco- 
motives “тап light," but have been recorded and are included 
in the total locomotive mileage in computing the unit cost per 
locomotive-mile both in freight and passenger service. 

(4) Q. The fixed charges given for Cos Cob power station 
appear to be very low. It would be interesting 
to know whether thev include depreciation. 

A. As explained in the previous part of this discussion, 
thev did not include depreciation. 

Mr. Del Mar's point with regard to the negligible error of 
meter registration on locomotives is very interesting, and so far 
as we have been able to determine, the meters have been an 
accurate and valuable adjunct 1n the determination of the gen- 
eral distribution of power. 
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This edition of the Standardization Rules represents substan- 
tially the completion and clarification of the edition of Dec. 15%, 
1914, although some important additions have been made. 


STANDARDIZATION RULES 


OF THE 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


HISTORY OF THE STANDARDIZATION RULES 


The first step taken by the Institute toward the standardization of 
electrical apparatus and methods was a topical discussion on “ The Stand- 
ardization of Generators, Motors and Transformers," which took place 
simultaneously in New York and Chicago on the evening of January 26, 
1898. The discussion appears in the Institute TRANSACTIONS, Vol. 
XV, pages 3 to 32. The opinions expressed were generally favorable to 
the scheme of standardization of electrical apparatus, although some 
members feared that difficulties might arise. Аз a result of this dis- 
cussion, a Committee on Standardization was appointed by the Council 
of the Institute, consisting of the following members: 

FRANCIS.B CROCKER, Chairman. 
CARY T. HUTCHINSON CHARLES P. STEINMETZ 
ARTHUR E. KENNELLY Lewis B. STILL WELL 
Joun W. Ілев, Jr. ELIHU THOMSON 

After a careful consideration of the matter and consultation with the 
members of the Institute and interested parties generally, a “ Report 
of the Committee on Standardization," was presented and accepted by 
the Institute, Jüne 26, 1899. Those original rules appeared in the In- 
stitute TRANSACTIONS, Vol. XVI, pages 255 and 268. | 
жы Б ти of changes and developments in the electric art, it was 
bein quently found necessary to revise the original report, this work 

Е carried out by the following Committe on Standardization: 
Francis B. Crocker, Chairman. 
ARTHUR Е. KENNELLY CHARLES P. STEINMETZ 
eo W. Ілев, Jr. Lewis B. STILL WELL 
This оо ELIHU THOMSON | 

Great Barrin D was adopted at the 19th Annual Convention at 

TRANSACTIO i S | ass., on June 20, 1902, and appears in the Institute 
In 2 о : XIX, pages 1075 to 1092. | | 
apparatus and үн still further change and development in electri al 

ods, it was decided in September, 1905, that a second 


revision wa j | 
this work. $ needed, and the following Committee was appointed to do 


Francis B. Crocker, Chairman. 
Hen ARTHUR Е. KENNELLY, Secretary. 
5. но: -CHARLES Е. Scott 
- LIEB, Jr. CHARLES P. STEINMETZ 


С. 0. 
г чысы; HENRY С. STOTT 
T В. Отан $. W. STRATTON 


1935 


1936 STANDARDIZATION RULES OF THE А. I. E. E. 


This Committee held monthly meetings and carried оп extensive corre- 
spondence with manufacturers, consulting and operating engineers and 
other interested parties, and as a result, presented its report at the 23d 
Annual Convention, held at Milwaukee, May 28-30, 1906. After con- 
siderable discussion the report was accepted and referred back to the 
Committee for amendment and rearrangement in form. It was then 
to be submitted to the Board of Directors for final adoption. In Septem- 
ber, 1906, the following Standardization Committee was appointed: 


FRANCIS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


A. W. BERRESFORD CHARLES F. SCOTT 
DucaLDpD C. JACKSON CHARLES P. STEINMETZ 
C. O. MAILLOUX HENRY G. STOTT 
ROBERT B. OWENS S. W. STRATTON 


Еілно THOMSON 


This Committee held monthly meetings, also sub-committee meetings, 
and carefully referred the rules as a whole, and each part of them, to 
the members of the Institute. The rules were also entirely rearranged 
as to form, and put in shape to facilitate ready reference to them and 
enable future revisions to be made without breaking up the logical ar- 
rangement. Thus amended the rules were submitted to the Board of 
Directors and approved by it on June 21, 1907. Тһе Board also directed 
that the rules should be presented, as accepted by the Board, at the 
Annual Convention held at Niagara Falls, June 24 to 27, 1907, which ac- 
tion was taken by President Sheldon on June 26, 1907. By the Con- 
stitution which went into effect on June 10, 1907, this Committee has been 
made a standing Committee with the title “ Standards Committee,” con- 
sisting of nine members. 

’ On August 12, 1910, the Board of Directors increased the size of the 
committee from nine to twelve members; on October 14 from twelve to — 
fourteen, and on March 10, 1911, from fourteen to sixteen. The com- 
mittee thus constituted is given below. 


COMFORT A. ADAMS, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


H. W. Воск W. S. Moopy 

GANO DUNN В. A. PHILIP 

Н. W. FISHER W. H. POWELL 

H. B. GEAR CHARLES ROBBINS 

.Р. JACKSON E. B. Rosa 

W. L. MERRILL CHARLES P. STEINMETZ 
RaLPH D. MERSHON CALVERT TOWNLEY 


This committee and several sub-committees held numerous meetings 
at which the general revision of the Standardization Rules of the Institute 
was considered. The complete Standardization Rules, as revised by this 
committee, were presented to and approved by the Board of Directors on 
June 27, 1911, at the Annual Convention held at Chicago, Ill. 

During the following two years (1911-1913) the Standards Committee, 
somewhat modified and enlarged, undertook a radical revision of the 
Rules, particularly in connection with the important subject of Rating. 
In August 1913 the Committee was still further enlarged by the Board 
of Directors in order to permit of comprehensive sub-committees for the 
various parts of the work. The Committee thus constituted is given as 
follows: 
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А. E. KENNELLY, Chairman. 

COMFORT A. ADAMS, Secretary. 
SUB-COMMITTEE No. 1. ON RATING. 

Н. M. Новакт, Chairman. 


JAMES BURKE W. Н. POWELL 

W. C. L. EGLIN CHARLES ROBBINS 

B. G. LAMME C. F. SCOTT 

W. A. LAYMAN JAMES М. SMITH 

W. L. MERRILL CHARLES P. STEINMETZ 
W. S. Moopy J. FRANKLIN STEVENS 


PHILIP TORCHIO 
SUB-COMMITTEE No. 2. ON TELEGRAPH AND TELEPHONE 


STANDARDS. 
F. B. ]ЕМЕТТ, Chairman. 
H. W. FISHER R. H. MARRIOTT 
F. F. Fow.e J. H. MORECROFT 
J. M. SMITH 


SUB-COMMITTEE No. 3. ON RAILWAY STANDARDS. 


W. A. DeL Mar, Chairman. 
F. W. CARTER* : WILLIAM MCCLELLAN 


Нусн HAzELTON* HAROLD PENDER 
E. В. Нил.* MARTIN SCHREIBER* 
Н. М. Новавт М. W. STORER* 


SUB-COMMITTEE No. 4 ON NOMENCLATURE AND SYMBOLS. 
COMFORT А. Ардм$, Chairman. 


Louis BELL H. PENDER 
DucALD C. JACKSON E. B. Rosa 
M. G. LLovp A. S. MCALLISTER 


R. H. MARRIOTT 


SUB-COMMITTEE No. 5. ОМ WIRES AND CABLES. 


H. W. FISHER, Chairman. 
WALLACE CLARE Е. B. Rosa · 


ы с DEL Mar C. E. SKINNER 
ss & -І. Есим $. W. STRATTON 
“ӘММІТТЕЕ NO. 6. ON RATING AND TESTING OF CON- 


TROL APPARATUS. 
" L. T. ROBINSON, Chairman. 
2. ARENDT C. H. SHARP 
.А. CARLE P. H..THOMAS 


PHILIP Товсн!о 


essers. L. L. Rid had representation from the National Electric Light Association 
оп Illumina ing Cone Кпівће, J. E. Kearns, and E. P. Dillon), from the Association of 
Suh Burke and J, M.S mith) Mr. P. Torchio) and from the Electric Power Club (Messrs. 
AMittee \ : 
cilaboration with um 3, through Messrs. Schreiber and Del Mar, respectively, worked in 
exon. and the Associati : American Electric Railway Engineering Азво- 
Raj] ub-committee №. 3 ails Railway Electrical Engineers. 
the lan Committee. ‘The me ber subcommittee of the Standards Committee and of the 
committee, embers opposite whose names occurs an asterisk, represented 


te ing member А 
liy contributed to ite wot hough not appointed on the Standards Committee, have ша. 
в.в did echheimer, E. D Pa and have attended its meetings: 
ЯШ, C. J. Ніхвор ° mest, В. B. Williamson, К.А. Pauly, L. F. Blume, C. Renshaw. 
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The radical revision begun in 1911 was completed by this Committee 
and approved by the Board of Directors at a special meeting held on 
July 10, 1914, subject to editorial revision by the Committee, and to go 
into force on Dec. 1, 1914. 

The Committee of 1914-1915 which carried out the editorial revision, 
found it impossible to complete the work satisfactorily by Dec. Ist. 
The edition of July Ist, 1915, approved by the Board of Directors at its 
meeting of June 30, 1915, thus represents substantially the completion 
and clarification of the previous radical revision, although it includes 
a number of important additions. This Committee was constituted as 
follows: 


А. Е. KENNELLY, Chairman, Harvard University Cambridge, Mass. 
C. A. ADAMS, Secretary, Harvard University, Cambridge, Mass. 


JAMES BURKE, Erie, Pa. W. Н. POWELL, Milwaukee, Wis. 
W. A. DEL MAR, New York, CHARLES ROBBINS, East Pittsburgh, Pa. 
H. W. FISHER, Perth Amboy, N. J. L. T. ROBINSON, Schenectady, N. Y. 
G. L. KNIGHT, Brooklyn, N. Y. E. B. ROSA, Washington, D. C. 
H. M. HOBART, Schenectady, N. Y. C. E. SKINNER, East Pittsburgh, Pa. 
В. B. JEWETT, New York. J. M. SMITH, New York. 
Р. JUNKERSFELD, Chicaypo, Ill. H. G. STOTT, New York. 
W. L. MERRILL, Schenectady, №. У. . Р. Н. THOMAS, New York. 
NOTE. 


The Standards Committee takes this occasion to draw the attention 
of the membership to the value of suggestions based upon experience gained 
in the application of the Rules to general practise. 

Any suggestions looking toward improvement in the Rules should be 
communicated to the Secretary of the Institute. for the guidance of the 
Standards Committee in the preparation of future editions. 
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° PREFACE. 


In framing these rules, the chief purpose has been to 
define the terms and conditions which characterize the rating 
and behavior of electrical apparatus, with special reference to 
the conditions of acceptance tests. 

It has not been the purpose of the rules to standardize the 
dimensions or details of construction of any apparatus, lest the 
progress of design and production should be hampered. 
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DEFINITIONS 


Note. The following definitions are intended to be practically 
descriptive, rather than scientifically rigid. 


CURRENT, Е.М Е. and POWER. 


(The definitions of currents given below apply also, in most cases, 
to electromotive force, potential difference, magnetic flux, etc.) 


1 Direct Current. A unidirectional current. As ordinarily used, 
the term designates a practically non-pulsating current. 


2  Pulsating Current. А current which  pulsates regularly in 
magnitude. Аз ordinarily employed, the term refers to unidirec- 
tional current. 


3 Continuous Current. A practically non-pulsating direct current. 


4  Alternating Current. А current which alternates regularly 
in direction. Unless distinctly otherwise specified, the term 
“ alternating current " refers to a periodic current with successive 
half waves of the same shape and area. 


5 Oscillating Current. A periodic current whose frequency is 
determined by the constants of the circuit or circuits. 


6 Cycle. One complete set of positive and negative values of an 
alternating current. 


7 Electrical Degree. The 360th part of a cycle. 


8 Period. The time required for the current to pass through one 
Cycle. 


9 Frequency. Тһе number of cycles or periods per second. The 
Product of 27 by the frequency is calied the angular velocity of the 
current. 


10 Root-Mean-Square or Effective Value. The square root of 
the mean of the squares of the instantaneous values for one 
Complete cycle. It is usually abbreviated r.m.s. Unless otherwise 
Specified, the numerical value of an alternating current refers to 
Its r.m.s, value. Тһе r.m.s. value of a sinusoidal wave is equal to its 


maximum, or crest value, divided by V2. The word “virtual” 
18 Sometimes used in place of r.m.s., particularly in Great Britain. 


Wave-Form or Wave-Shape. The shape of the curve obtained 
When the instantaneous values of an alternating current are 
Plotted against time in rectangular co-ordinates. The distance along 
the time axis corresponding to one complete cycle of values is taken 
as 2% radians, ог 360 degrees. Two alternating quantities are said 
to have the same wave-form when their ordinates of corresponding 
Phase (see § 18) bear a constant ratio to each other. The wave- 
shape, as thus understood, is therefore independent of the frequency 
of the current and of the scale to which the curve is represented. 

Simple Alternating or Sinusoidal Current. One whose wave- 
shape is sinusoidal. | 

Alternating-current calculations are commonly based upon the as- 
sumption of sinusoidal currents and voltages. 


11 


12 


[3 a 
- 
a 
"E 
* 
à 
А 4 
ж. D 
- 
. 
а 
° 
+ “о 
ә - 
` 
ow " 
e 
е 
м e е 
- 
. 
` 4 -* 
> 
. 
2 4: 
Й . . 
. 
о 
же 
М `~ 
* 
z ~, 
t , % 
a 
e 
E 
" > 
Ф 
. .- 
o>» . 
+ 
2” Ы 
. 
. 5 
. *^ 
, 
. a 2) 
a 0505 5 
» 
ӘРІ 
А 
р ` 
2 
. 
4 * - 
. 
* 
E 
Ф 
. 
" 
D 
* 
o 
7 
. ` 
о 
* 
E m 
i “. 
Ф 25 
4 Ф 
2 a 
5 [] "с 
1 
> 
И e a 
. - 
1 % * 
* - 
LAN · e 
“ 
3 .. » 
, rn . 
- » at 
LES t a 
. o P ee 
2% 
ow . te 
n 
. ` 
id t 
= Ф 
. 
* ©. . 
. 
r . 
* 
" 
А * 
. 
: т 
i - ‚в 
» ' 
e * Ық 
. Ы е . . 
+ 
` * ғ” 
. Я 
' 
ә e 
x: sow CT 
ЫШ ry e Ы 
а > o4 
4 9 
ws 
4 LE 
• 4 . ® 


^a 


* aye 


1942 STANDARDIZATION RULES OF THE А. I. Е. Е. 


13 


14 
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*19 


*21 


Phase. The distance, usually in angular measure, of the base of 
any ordinate of an alternating wave from any chosen point on the 
time axis, is called the phase of this ordinate with respect to this point. 
In the case of a sinusoidal alternating quantity, the phase at any in- 
stant may be represented by the corresponding position of a line or 
vector revolving about a point with such an angular velocity (W =27f), 
that its projection at each instant upon a convenient reference line 
15 proportional to the value of the quantity at that instant. 


Non-Sinusoidal Quantities. Quantities that cannot be гер- 
resented by vectors of constant length in a plane. The fol- 
lowing definitions of phase, active component, reactive component, 
etc., are not in general applicable thereto. Certain “ equivalent "’ 
values, as defined below, may, however, be used in many instances, 
for the purpose of approximate representation and calculation. 


Crest-Factor ог Peak-Factor. The ratio of the crest or 
maximum value to the r.m.s. value. The crest factor of a sine- 
wave is 4/2. 

Form Factor. The ratio of the r.m.s. to the algebraic mean 
ordinate taken over a half-cycle beginning with the zero value. If 
the wave passes through zero more than twice during a single cycle, 
that zero shall be taken which gives the largest algebraic mean for 
the succeeding half-cycle. The form factor of a sine-wave is 1.11. 


The Distortion Factor of a wave. The ratio of the г.т.5. value 
of the first derivative of the wave with respect to time, to the r.m.s. 
value of the first derivative of the equivalent sine wave. 


Equivalent Sine Wave. A sine wave which has the same 
frequency and the same r.m.s. value as the actual wave. 


Phase Difference: Lead and Lag. When corresponding cyclic 
values of two sinusoidal alternating quantities of the same fre- 
quency occur at different instants, the two quantities are said to 
differ in phase by the angle between their nearest corresponding 
values; e.g., the phase angle between their nearest ascending zeros or 
between their nearest positive maxima. That quantity whose 
maximum value occurs first in time is said to lead the other, and 
the latter is said tolag behind the former. Е 


Counter-Clockwise Convention. It is recommended that 
in any vector diagram, the leading vector be drawn counter- 
clockwise with respect to the lagging vector, f asin the 
accompanying diagram, where OI represents the vector of 
a current in a simple alternating-current circuit, lagging 
behind the vector OE of impressed e.m.f. 0 


The Active ог In-Phase Component of the current іп а 
circuit is that component which is in phase with the voltage across 
the circuit; similarly the active component of the voltage across a 
circuit is that component which is in phase with the current. The 
use of the term energy component for this quantity is disapproved. 

Note: Definitions 19, 20, 21,22,23, 24,25 refer strictly only to cases where the 
voltage and current are both sinusoidal (see $11 and 14). 

tSee Publication 12 of the International Electrotechnical Commission (Report of 
Turin Meeting. Sept. 1911, p. 78). 
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%2 Reactive or Quadrature Component of the current in a cir- 

cuit. That component which is in quadrature with the volt- 

| age across the circuit; similarly, the reactive component of the 

voltage across the circuit is that component which is in quadrature 

with the current. The use of the term wattless component for this 

quantity is disapproved. 

“43 Reactive Factor. Тһе sine of the angular phase difference 

between voltage and current; t. e.,the ratio of the reactive current or 
voltage to the total current or voltage. 


'24 Reactive Volt-Amperes. The product of the reactive component 
of the voltage by the total current, or of the reactive component 
of the current by the total voltage. 


*25 — Non-Inductive Load and Inductive Load. A non-inductive load is a 
load in which the current is in phase with the voltage across the load. 
Ап inductive load is a load in which the current lags behind the 
voltage across the load. А condensive or anti-inductive load is one 
in which the current leads the voltage across the load. 


" 26 Power in an Alternating-Current Circuit. The average value 
of the produets of the coincident instantaneous values of 
the current and voltage for a complete cycle, as indicated by 
a wattmeter. 


27  Volt-Amperes or Apparent Power. Тһе product of the 
r.m.s. value of the voltage across a circuit by the r.m.s. value of the 
current in the circuit. This is ordinarily expressed in kv-a. 


28 Power Factor. The ratio of the power (cyclic average as 
defined in $26) to the volt-amperes. In the case of sinusoidal cur- 
Tent and voltage, the power factor is equal to the cosine of their differ- 
ence in phase. 

29 3 Equivalent Phase Difference. When the current and e.m.f. 
ІП a given circuit are non-sinusoidal, it is customary, for pur- 
Poses of calculation, to take as the “ equivalent '" phase difference, 
the angle whose cosine is the power factor (see §28) of the circuit. 
There are cases, however, where this equivalent phase difference is 
misleading, since the presence of harmonics in the voltage wave, cur- 
rent wave, or in both, may reduce the power factor without producing 
а corresponding displacement of the two wave forms with respect to 

Other; e.g., the case of an a-c. arc. In such cases, the com- 
Ponents of the equivalent sine waves, the equivalent reactive factor 
and the equivalent reactive volt-amperes may have no physical sig- 

м: Single-Phase, А term characterizing a circuit energized by a 

alternating e.m.f. Such a circuit is usually supplied through 

two Wires, The currents in these two wires, counted positively out- 
wards from the source, differ in phase by 180 degrees or a half-cycle. 

xd > Three-Phase. A term characterizing the combination of three 

2 Greuits energized by alternating e.m.f.'s. which differ in phase by 


hird x acycle; i.e., 120 degrees. 
е: Definitions 19, 20, 21, 22, 23, 24, 25 refer strictly only to cases where the 
current are both sinusoidal (see §11 and 12). 
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Quarter-Phase, also called Two-Phase. А term charac- 
terizing the combination of two circuits energized by alternating 
e.m.f's. which differ in phase by a quarter of a cycle; $.е., 90 degrees. 


Six-Phase. А term characterizing the combination of six cir- 
cuits energized by alternating e.m.f's. which differ in phase by one 
sixth of a cycle; 4.е., 60 degrees. 


Polyphase. А general term applied to any system of more 
than a single phase. This term is ordinarily applied to symmetrical 
systems. 

Cent Drop. 

In electrical machinery, the ratio of the internal resistance drop to 
the terminal voltage, expressed in per cent, is called the “ per cent 
resistance drop." 


Similarly the ratio of the internal reactance drop to the terminal 
voltage, expressed in per cent, is called the '' per cent reactance drop." 


Similarly the ratio of the internal impedance drop to the terminal 
voltage, expressed in per cent, is called the '' per cent impedance drop." 


Unless otherwise specified, these per cent drops shall be referred to 
rated load and rated power factor. 


In the case of transformers, the per cent drop will be the sum of 
the primary drop (reduced to secondary turns) and the secondary 
drop, in per cent of secondary terminal voltage. 


In the case of induction motors, it is advantageous to express the 
drops in per cent of the internally induced e.m.f. 


The Load Factor of a machine, plant or system. The ratio 
of the average power to the maximum power during a certain period 
of time. The average power is taken over a certain period of time, 
such as a day, a month, or a year, and the maximum is taken as the 
average over a short interval of the maximum load within that period. 

In each case, the interval of maximum load and the period over 
which the average is taken should be definitely specified, such 
as а “half-hour monthly" load-factor. The proper interval and 
period are usually dependent upon local conditions and upon the 
purpose for which the load factor is to be used. 


Plant Factor. The ratio of the average load to the rated capacity 
of the power plant, t.e., to thé aggregate ratings of the generators. 


The Demand of an installation or system. The load which 
it puts on the source of supply, as measured at the receiving 
terminals. The demand may be as specified, contracted for, or used. 
It may be expressed either in kilowatts, kilovolt-amperes, amperes or 
other suitable units. 


The Maximum Demand of ап installation or system. Its greatest 
demand, as measured not instantaneously but averaged over a suit- 
able and specified interval, such as a “five-minute maximum demand.” 


Demand Factor. The ratio of the maximum demand of 
any system or part of a system, to the total connected load of the 
system, or of the part of system, under consideration. 
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Diversity Factor. The ratio of the sum of the maximum 
power demands of the subdivisions of any system or parts of asystem 
to the maximum demand of the whole system or of the part of the sys- 
tem under consideration, measured at the point of supply. 


Connected Load. The combined continuous rating of all the re- 
ceiving apparatus on consumers’ premises, connected to the system 
or part of the system under consideration. 


The Saturation Factor of a machine. The ratio of a small 
percentage increase in field excitation to the corresponding 
percentage increase in voltage thereby produced. Unless other- 
wise specified, the saturation factor of a machine refers to the 
no-load excitation required at normal rated speed and voltage. It is 
determined from measurements of saturation made on open circuit at 
rated speed. 


The Percentage Saturation of a machine at any excitation 
may be found from its saturation curve of generated voltage 
as ordinates, against excitation as abscissas, by drawing a tangent to 
the curve at the ordinate corresponding to the assigned excitation, 
and extending the tangent to intercept the axis of ordinates drawn 
through the origin. The ratio of the intercept on this axis to the ordi- 
nate at the assigned excitation, when expressed in percentage, is the 
Percentage of saturation and is independent of the scales selected for 
excitation and voltage. This ratio, as a fraction, is equal to the 
reciprocal of the saturation-factor at the same excitation, deducted 
from unity; ог. if f be the saturation factor and f the percentage of 


Saturation, 1 
= 100 (: = 1) 
E f 


Magnetic Degree. The 360th part of the angle subtended, at the 
axis of a machine, by a pair of its field poles. One mechanical 
degree is thus equal to as many magnetic degrees as there are pairs 
of poles in the machine. 


The Variation in Prime Movers which do not give an ab- 
solutely uniform rate of rotation or speed, as in reciprocating steam 
engines, is the maximum angular displacement in position of the re- 
volving member expressed in degrees, from the position it would 


у with uniform rotation, and with one revolution taken as 360 
grees, 


| The Variation in Alternators ог alternating-current circuits 
in general, is the maximum angular displacement, expressed іп 
electrical degrees, (one cycle = 360 deg.) of corresponding ordinates 
of the voltage wave and of a wave of absolutely constant frequency 
“qual to the average frequency of the alternator or circuit in ques- 
Чоп, and may be due to the variation of the prime mover. 


Relations of Variations in Prime Mover and Alternator. If p is the 
number of pairs of poles, the variation of an alternator is p times the 
Variation of its prime mover, if direct-connected, and pn times the 
Variation of the prime mover if rigidly connected thereto in such a 


manner that the angular speed of the alternator is times that of the 
Prime mover, 
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The Pulsation in Prime Movers, or in the alternator con- 
nected thereto. The ratio of the difference between the maximum 
and minimum velocities in an engine-cycle to the average velocity. 

Capacity. The two different senses in which this word is used 
sometimes lead to ambiguity. It is therefore recommended that 
whenever such ambiguity is likely to arise, the descriptive term power 
capacity or current capacity be used, when referring to the power or 
current which a device can safely carry, and that the term '' Capaci- 
ance '' be used when referring to the electrostatic capacity of a device. 

Resistor. А device, heretofore commonly known as a resistance, 
used for the operation, protection, or control of a circuit or circuits. 
See $740. 

Reactor. А coil, winding or conductor, heretofore commonly 
known as a reactance coil or choke coil, possessing inductance, 
the reactance of which is used for the operation, protection or con- 
trol of a circuit or circuits. See also $214 and 7396. 

Efficiency. The efficiency of an electrical machine or apparatus 
is the ratio of its useful output to its total input. 


TABLE I. 
Symbols and Abbreviations. 
Symbol for Abbreviation 
Name of Quantity. the Quantity. Unit. for the Unit. 
Electromotive force, abbre- 
viated е.т.1............ Ее . volt 
Potential difference, abbre- 
viated p.d............. V,vor E,e 2 
Voltage....... ee tee E,eor V,v P 
с P RAS І, атреге 
Quantity of electricity..... 0,4 | coulomb, | 
ampere-hour | 
Роме саанга ; P, ф watt 
Electrostatic flux.......... Y 


Electrostatic flux density.. D 
Electrostatic field intensity F 
9. 


Magnetic flux............ Ф maxwell* TEE 
Magnetic flux density..... В, В gauss* Dass 
gilbert per gilbert per 
Magnetic field intensity.... Н, centimeter cm. 
or gaussf 
Magnetomotive force, ab- | 
' Ibert* 
breviated m.m.f......... | y pes 
Intensity of magnetization. J 
Зизсери Шцу........... K=J/H ЖТС 
Permeability............. и=вВ/Н bine Р 


НЕЕ 
* An additional unit for m m.f. isthe "ampere-turn"', for./flux the "line "", for mag- 
netic flux-density '' maxwells per sq. in." 
+ The gauss ЕН accepted for the present as the name of both the unit of 
feld intensity and flux density, on the assumption that permeability is a simple numeric. 
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Resistance............... К, ғ ohm тек 
Reactance............... X, х 5 tsai 
Impedance..... TET 2,2 A oe 
Conductance............. £ mho Т” 
Susceptance.............. b " T 
Admittance............. | Y, у Ы жас 
Resistivity........ Е р | * ohm-centi- | ohm-cm 
meter 
Conductivity.......... TY ү | *mho рег cen- | mho рег 
timeter cm. 
Dielectric constant........ є ог ё Dads "m 
Reluctance- iios oou s R € nope 
Capacitance (Electrostatic "TP 
bc m aed | С farad 
Inductance (or coefficient 
of self induction)........ | L henry nds 
Mutual Inductance (or co- 
efficient of mutualinduction) | M henry ias 
Phase displacement... ... 0,0 | degr de : 
radian 
Ртедцепсу............... f cycle per second ~ 
Angular velocity.......... о) безе ia m 
Velocity of rotation. ...... n revolution геу per 
per second sec. 
Number of conductors or N convolution 


{игпз................. 
Temperature............. Т, t, Ө 


or turns of wire 
degree centi- 
grade 
joule, watt-hour 


joule, watt-hour 


°С 


Energy, in general........ 
Mechanical work.......... 


Efficiency................ 7) рег cent — 
ПБелгіһ.................. centimeter cm. 
Маз.................... т gram 8. 
ее П second sec. 
centimeter cm. 
Acceleration due to gravity £ per second per sec. 
per second per sec. 
Standardacceleration dueto centimeter cm .per 
gravity (at about 45 deg. £o per second sec. 
latitudeand sea level) equals per second per sec. | 


980.665} 
“Мой. The numerical values of these quantities are ohms resistance and mhos con- 
ductance between two opposite faves of acm. cube of the material in question, but the 
Correct rames аге as given, not ohms and mhos per cm. cube, as commonly stated. 
ы has been the accepted standard value for many years and was formerly соп- 
ered to correspond accurately to 45° Latitude and sea level. Later researches, 
4. have shown that the most reliable value for 45° and sea-level is slightly 
ferent; but this does not affect the standard value given above. 
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Em, [т and Pm should be used for maximum cyclic values, e, $ and 
p for instantaneous values, E and I for r.m.s. values (see $10) and 
P for the average value of the power, or the active power. These 
distinctions are not necessary in dealing with continuous-current 
circuits. In print, vector quantities should be represented by bold- 
face capitals. 


CLASSIFICATION OF MACHINERY. 


The machinery under consideration in these rules may be classified 
in various ways, these various classifications overlapping or inter- 
locking in considerable degree. Briefly, they аге Direct-Current 
or Alternating-Current, Rotating or Stationary. Under Rotating 
Apparatus there are two principal classifications: First, according 
to the function of the machines; Motors, Generators, Boosters, 
Motor-Generators, Dynamotors, Double-Current Generators, Con- 
verters and Phase Modifiers; Second, according to the type of 
construction or principle of operation; Commutating, Synchronous, 
Induction, Unipolar, Rectifying. Obviously, some of these machines 
could be rationally included in either classification, e.g., Motor-Gener- 
ators and Rectifying Machines. 

In the following, self-evident definitions have for the most part, 
been omitted. 


ROTATING MACHINES. 
FUNCTIONAL CLASSIFICATION OF ROTATING MACHINES. 


Generator. А machine which transforms mechanical power into 
electrical power. 


Motor. А machine which transforms electrical power into 
mechanical power. 


Booster. А generator inserted in series in a circuit to change 
its voltage. It may be driven by an electric motor (in which case 
it is termed a motor-booster) or otherwise. 


Motor-Generator Set. Atransforming device consisting of a 
motor mechanically coupled to one or more generators. 


Dynamotor. А transforming device combining both motor 
and generator action in one magnetic field, either with two armatures, 
or with one armature having two separate windings and independent 
commutators. 


A Direct-Current Compensator or Balancer comprises two or 
more similar direct-current machines (usually with shunt or 
compound excitation) directly coupled to each other and connected in 
series across the outer conductors of a multiple-wire system of dis- 
tribution, for the purpose of maintaining the potentials of the in- 
termediate wires of the system, which are connected to the junction 
points between the machines. 


A Double-Current Generator supplies both direct and alternating 
currents from the same armature-winding. 


A Converter is a machine employing mechanical rotation in ' 


changing electrical energy from one form into another. There 
are several types of converters as follow: 
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109 А Direct-Current Converter converts from а direct 
current to a direct current, usually with a change of volt- 
age. Sucha machine may be either a motor-generator set or a 
dynamotor. 

110 А Synchronous Converter (sometimes called a Rotary Con- 
verter) converts from an alternating to a direct current, 
or vice-versa. It is a synchronous machine with a single 
closed-coil armature winding, a commutator and slip rings. 

111 A Cascade Converter, also called a Motor Converter, 
is a combination of an induction motor with a synchron- 
ous converter, the secondary circuit of the former feeding 
directly into the armature of the latter; 1.е., it is a synchronous 
converter concatenated with an induction motor. 


112 A Frequency Converter converts the power of an alter- 
nating-current system from one frequency to another, with 
or without a change in the number of phases, or in the voltage. 


113 A Rotary Phase-Converter converts from ап alter- 
nating-current system of one or more phases to an alter- 
nating-current system of a different number of phases, but 
of the same frequency. 


114 A Phase-Modifier, also called а Phase-Advancer, is a machine which 
supplies reactive volt-amperes; e.g. to an induction motor, or to the 
System to which it is connected. Phase modifiers may be either 
Synchronous or asynchronous. 


115 А Synchronous Phase-Modifier, sometimes called а Syn- 
chronous Condenser, is a synchronous motor, running 
either idle or with load, the field excitation of which may be 
varied so as to modify the power-factor of the system, 
or through such modification to influence the load voltage. 
The function of a Synchronous Phase-Modifier is to supply 
reactive volt-amperes to the system with which it is connected. 


* 


CONSTRUCTIONAL CLASSIFICATION OF ROTATING MACHINES 


Commutating Machines 


180 Direct-Current Commutating Machines comprise a mag- 
netic field of constant polarity, an armature, and a com- 

* mutator connected therewith.  Theseinclude: Direct- Current 
Generators; Direct- Current Motors; Direct-Current Boosters; 
Direct-Current Motor-Generator Sets and Dynamotors; Di- 

rect- Current Compensators or Balancers; and Arc Machines. 


1 Ф е е * 

181 Alternating-Current Commutating Machines* comprise а 
magnetic field of alternating polarity, an armature, and com- 
mutator connected therewith. 

а= ешим. 

*Definitions of a-c. commutator-motors have not yet been agreed upon. The differ- 
ences of opinion are fundamental ahd relate to the whole system to be employed 
in naming the numerous types. One example of this difference is in connection with 
the definition of the term "' Repulsion- Motor'', some desiring to extend its use to cover 
all a.c. commutator motors with short-circuited brushes, and others to substitute 
more systematic names for the various species of short-circuited brush motors. 
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Synchronous Commutating Machines include synchronous 
converters, cascade-converters, and double-current generators. 


Synchronous Machines Comprise a constant magnetic field 


an armature receiving or delivering alternating-currents in 


synchronism with the motion of the machine; t.e., having a frequency 
strictly proportional to the speed of the machine. They may be 
sub-divided as follow: 


An Alternator is a synchronous alternating-current genera- 
tor, either single-phase or polyphase. 


A Polyphase Alternator is a polyphase synchronous alterna- 
ting-current generator, as distinguished from a singlephase 
alternator. 


An Inductor Alternator is ап Alternator in which 
both field and armature windings are stationary, and in 
which masses of iron or inductors, by moving past the coils, 
alter the magnetic flux through them. It may be either 
singlephase or polyphase. 


A Synchronous Motor is a machine structurally identical 
with an alternator, but opcrated as a motor. 


Induction Machines include apparatus wherein primary and 


secondary windings rotate with respect to each other; $.е., in- 


duction motors, induction generators, certain types of frequency 


converters and certain types of rotary phase-converters. 
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An Induction Motor is an alternating-current motor, either 
singlephase or polyphase, comprising independent primary and 
secondary windings, one of which, usually the secondary, is 
on the rotating member. The secondary winding receives 
power from the primary by electromagnetic induction. 

An Induction Generator is a machine structurally identical 
with an induction motor, but driven above synchronous speed 
as an alternating-current generator. 


Unipolar or Acyclic Machines are direct-current machines, in 


which the voltage generated in the active conductors maintains 
the same direction with respect to those conductors. 


160 


SPEED CLASSIFICATION OF MOTORS. 


Motors may, for convenience, be classified with reference to their 


speed characteristics as follow: 


161 


162 


Constant-Speed Motors, whose speed is either constant 
or does not materially vary; such as synchronous motors, in- 
duction motors with small slip, and ordinary direct-current 
shunt motors. 


Multispeed Motors two-speed, three-speed. etc.), which 
can be operated at any one of several distinct speeds, these 
speeds being practically independent of the load; such as 
motors with two armature windings, or induction motors in 
which the number of poles is changed by external means. 
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163 Adjustable-Speed Motors, in which the speed can be varied 
gradually over a considerable range, but when once adjusted 
remains practically unaffected by the load, such as shunt 
motors designed for a considerable range of speed variation. 

164 Varying-Speed Motors, or motors in which the speed 


varies with the load, ordinarily decreasing when the load 
increases; such as series motors, compound-wound motors, 
and series-shunt motors. As a sub-class of varying-speed 
motors, may be cited, adjustable varying-speed motors, or 
motors in which the speed can be varied over a considerable 
range at any given load, but when once adjusted, varies with 
the load; such as compound-wound motors arranged for 
adjustment of speed by varying the strength of the shunt field. 


CLASSIFICATION OF ROTATING MACHINES RELATIVE 
TO THE DEGREE OF ENCLOSURE OR PROTECTION 


160 = The following types are recognized: 

Open 

Protected 

Semi-enclosed . 

Enclosed 

Separately ventilated 

Water-cooled 

Self-ventilated 

Drip-proof 

Moisture-resisting 

Submersible 

Explosion-proof 

Explosion-proof slip-ring enclosure 

An “ореп” machine is of either the pedestal-bearing or end- 

bracket type where there is no restriction to ventilation, other 
than that necessitated by good mechanical construction. 


А "protected" machine is one in which the armature, field 
coils, and other live parts are protected mechanically from acci- 
dental or careless contact, while free ventilation is not materially 
obstructed. 


А "semi.enclosed" machine is опе in which the ventilating 
Openings in the frame are protected with wire screen, expanded metal, 
or other suitable perforated covers, having apertures not exceeding 

of a square inch (3.2 sq. cm.) in area. 

An “enclosed” machine is so completely enclosed by in- 
tegral or auxiliary covers as to prevent a circulation of air between 
the inside and outside of its case, but not sufficiently to be 
termed air-tight. 


A " separately ventilated " machine has its ventilating air sup- 
Plied by an independent fan or blower external to the machine. 


А“ water-cooled” machine is one which mainly depends on wate 
“irculation for the removal of its heat. 
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А '' self-ventilated " machine differs from a separately ventilated 
machine only in having its ventilating air circulated by a fan, 
blower, or centrifugal device integral with the machine. 

If the heated air expelled from the machine is conveyed away 
through a pipe attached to the machine, this should be so stated. 


A ''drip-proof " machine is one so protected as to exclude 
falling moisture ог dirt. А “гір proof” machine may be either 
“open” or “‘semi-enclosed’’, if it is provided with suitable protection 
integral with the machine, or so enclosed as to exclude effectively 
falling solid or liquid material. 


A moisture-resisting machine is one in which all parts are 
treated with moisture-resisting material. Such a machine shall 
be capable of operating continuously or intermittently in a very 
humid atinosphere, such as in mines, evaporating rooms, etc. 


A ‘submersible ” machine is a machine capable of withstanding 
complete submersion, in fresh water or sea water, as may be speci- 
fied, for four hours without injury. 


An ''explosion-proof!" machine is a machine in which the en- 
closing case can withstand, without injury, any explosion of gas that 
may occur within it, and will not transmit the flame to any 
inflammable gas outside it. 


Ап induction motor in which the slip rings. and brushes 
alone are included within an explosion-proof case should not be des- 
cribed as an explosion-proof machine, but as a machine ''with 
explosion-proof slip-ring enclosure.” 


STATIONARY INDUCTION APPARATUS 


Stationary Induction Apparatus changes electric energy to electric 
energy, through the medium of magnetic energy, without mechanical 
motion. It comprises several forms, distinguished as follow: 


Transformers, in which the primary and secondary windings are 
ordinarily insulated one from another. 


The terms “high-voltage” and “low-voltage” are used to dis- 
tinguish the winding having the greater from that having the 
lesser number of turns. The terms “ primary " and ** sec- 
опдагу” serve to distinguish the windings in regard to energy 
flow, the primary being that which receives the energy from the 
supplv circuit. and the secondary that which receives the en- 
ergy by induction from the primary. 

The rated current of a constant-potential transformer is 
that secondary current which, multiplied by the rated-load 
secondary voltage, gives the kv-a. rated output. That is, 
a transformer of given kv-a. rating must be capable of de- 
livering the rated output at rated secondary voltage, while 
the primary impressed voltage is increased to whatever value 
is necessary to give rated secondary voltage. 


The Rated Primary Voltage of a constant-potential trans- 


former 15 the rated secondary voltage multiplied by the turn 
ratio. 
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204 The ratio of a transformer, unless otherwise specified, shal 
be the ratio of the number of turns in the high-voltage wind- 
ing to that in the low-voltage winding; $.е., the '' turn-ratio.' 

205 The voltage ratio of a transformer is the ratio of ther.m s. 
primary terminal voltage to the r.m.s. secondary terminal 
voltage, under specified conditions of load. 

206 The “ current ratio ” of a current-transformer is the ratio of 
r.m.s. primary current to r.m.s. secondary current, under speci- 
fied conditions of load. 

207 The “ marked ratio " of an instrument transformer is the 
ratio which the apparatus is designed to give under aver- 
age conditions of use. When a precise ratio 1s required, it 
15 necessary to specify the voltage, frequency, load and power 
factor of the load. i 

208 Volt-Ampere Ratio of Transformers. 

The volt-ampere ratio, which should not be confused with 
real efficiency, is the ratio of the volt-ampere output to the 
volt-ampere input of a transformer, at any given power factor. 

209  Auto-transformers have a part of their turns common to both pri- 
mary and secondary circuits. 

210 Voltage Regulators have turns in shunt and turns in series with the 
circuit, so arranged that the voltage ratio of the transformation 
or the phase relation between the circuit-voltages is variable at will. 
They are of the following three classes: 


211 Contact Voltage Regulators, in which the number of turns 
in one or both of the coils is adiustable. 

212 Induction Voltage Regulators,in which the relative positions 
of the primary and secondary coils are adjustable. 

218 Magneto Voltage Regulators, in which the direction of the 


magnetic flux with respect to the coils is adjustable. 
214 Reactors, heretofore commonly called Reactance-Coils, also called 


Choke Coils; a form of stationary induction apparatus used to supply 
Teactance or to produce phase displacement. See also §82 and 736. 


INSTRUMENTS 


26 . Ап Ammeter is an instrument for measuring current, indicating 
à in amperes, 
46 | A Voltmeter is an instrument for measuring difference of potential, 
" indicating in volts. 
T A Crest Voltage Meter is a voltmeter designed to indicate either 
the crest; $.е., the maximum value, of an alternating voltage, or the 
Я r.m.s. value of the sinusoidal voltage having the same crest value. 
8 A Wattmeter iS an instrument for measuring electrical power, in- 
А dicating in watts. 
2 T 
3 Recording Ammeters, Voltmeters, Wattmeters, etc., are instru- 
ments which record graphically upon a time-chart the values of the 
Quantities they measure. 
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230 A Watt-hour Meter is an instrument for registering watt-hours. 
This term is to be preferred to the term "' integrating wattmeter.' 


231 A Line-Drop Voltmeter Compensator is a device used in connection 
with a voltmeter, which causes ‘the latter to indicate the voltage 
at some distant point of the circuit. 

232 А Synchroscope, sometimes called а Synchronism Indicator, 
is a device which, in addition to indicating synchronism, shows 
whether the incoming machine is fast or slow. 
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STANDARDS FOR ELECTRICAL MACHINERY: 
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The expressions “ тасһтїпегу'' and “ machines "" are here employed 
in а general sense, іп order to obviate the constant repetition of the words 
" machinery or induction apparatus." 

All temperatures are to be understood as centigrade. 

The expression '' capacity '' ts to be understood as indicating '' capa- 
bility ", except where specifically qualified as, for instance, in the case 
of allusions to electrostatic capacity, i. e., capacitance. 

Wherever special rules are given for any particular type of machinery 
or apparatus (such as switches, railway motors, railway substation 
machinery, etc., these special rules shall be followed, notwithstanding 
any apparent conflict with the provisions of the more general sections. 
In the absence of special rules on any particular point, the general 
rules on this point shall be followed. 

Objects of Standardization. To ensure satisfactory results, 
electrical machinery should be specified to conform to the Institute 
Standardization Rules, in order that it shall comply, in operation, 
with approved limitations in the following respects, so far as they 
are applicable. 

Operating temperature 
Mechanical strength 
Commutation 
Dielectric strength 
Insulation resistance 
Efficiency 

Power factor 

Wave shape 
Regulation 

Capacity or Available Output of an Electrical Machine. So far 
as relates to the purposes of these Standardization Rules, the 
Institute defines the Capacity of an Electrical Machine as the load 
Which it is capable of carrying for a specified time (or continuously), 
Without exceeding in any respect the limitations herein set forth. 

Except where otherwise specified, the capacity of an electrical 
machine shall be expressed in terms of its available output. For 
exceptions see $277 and 802. 

Rating of an Electrical Machine. Capacity should be distin- 
guished from Rating. The Rating of a machine is the output marked 
on the Rating Plate, and shall be based on, but shall not exceed, 
the maximum* load which can be taken from the machine under pre- 
Scribed conditions of test. This is also called the rated output. 


$ Т аа м о НИВО 
Gant term " maximum load does not refer to loads applied solely for mechanical, 


tation, or similar tests. 
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263 The Principle upon which Machine Ratings are based, so far as 
relates to thermal characteristics, is that the rated load, applied 
continuously or for a stated period, shall produce a temperature 
rise which, superimposed upon a standard ambient temperature, 
will not exceed the maximum safe operating temperature of the 
insulation. 


264 А. I. E. E. and I. E. C. Ratings. When the prescribed conditions 
of test are those of the А. I. E. Е. Standardization Rules, the rating 
of the machine is the Institute Rating. (See $620). When the 
prescribed conditions of the test are those of the I. E. С.І Rules, 
the rating of the machine is the I. E. C. rating. A machine so rated 
in either case may bear a distinctive sign upon its rating plate. 


265 Standard Temperature amd Barometric Pressure for Institute Ra- 
ting. The Institute Rating of a machine shall be its capacity when 
operating with a cooling medium of the ambient temperature of 
reference (40? for air or 25? for water, see 5805 and 309) and with 
barometric conditions within the range given in $308. See $320. 


266 The Temperatures Rises Specified in these Rules apply to all 
ambient temperatures up to and including 40°С. 


267 Any Machinery Destined for Use with Higher Ambient tempera- 
tures or cooling mediums, and also any machinery for operation 
at altitudes for which no provision is made in $308, should be 
the subject of special guarantee by the manufacturer. The methods 
of test and performance set forth in these Rules will, however, 
afford guidance in such cases. 


UNITS IN WHICH RATING SHALL BE EXPRESSED 


274 ‘The rating of Direct-Current Generators, shall be expressed іп 
kilowatts (kw.) available at the terminals. 


276 The rating of Alternators and Transformers, shall be expressed 
in kilovolt-ampcres (kv-a.) available at the terminals, at a specified 
power factor. The corresponding kilowatts should also preferably 
be stated. 


276 Ц is strongly recommended that the rating of motors shall 
be expressed in kilowatts* (kw.) available at the shaft. (Ап ex- 


fl. E. C. stands for " International Electrotechnical Commission." This rating has 
not yet been established. 


*Since the input of machinery of this class is measured in electrical units and since 
the output has a definite relation to the input, it is logical and desirable to measure 
the delivered power in the same units as are employed for the received power. There- 
fore, the output of motors should be expressed in kilowatts instead of in horse power. 
However, on account of the hitherto prevailing practice of expressing mechanical 
output in horse power, it is recommended that for machinery of this class the rating 
should. for the present, be expressed both in kilowatts and in horse power; as follows: 

kw. ———————арргох. equiv. h.p. 

The horse power rating of a motor may for practical purposes, be taken as 4/3 of 
the kilowat : rating. 

In order to lay stress upon the preferred future basis, it is desirable that on Rating 
Plates, the Rating in kilowatts shall be shown in larger and more prominent charac- 
ters than the rating in horse power. 


277 


281 


283 
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ception to this rule is made in the case of Railway motors, which, 
for some purposes, are also rated by their input, see §802.) 

Auxiliary machinery, such as regulators, resistors, reactors, 
balancer sets, stationary and synchronous condensers, etc., shall 
have their ratings appropriately expresscd. It is essential to 
specify also the voltage (and frequency, if a-c.,), of the circuits on 
which the machinery may appropriately be used. 


KINDS OF RATING 


There are various kinds of rating such as: 

Continuous Rating. А machine rated for continuous service; 
shall be able to operate continuously at its rated output, without ex- 
ceeding any of the limitations referred to in $260. 

Short-Time Rating. A machine rated for short-time service; 
(1.е. service including runs alternating with stoppages of sultlicient 
duration to ensure substantial cooling), shall be able to operate at its 
rated output during a limited period, to be specified in each case, 
without exceeding any of the limitations referred to in $260. Such 

a rating is a short-time rating. 
Nominal Ratings. For railway motors, and sometimes for railway- 
Substation machinery, certain nominal ratings are employed. 


See 800 and $765. : 


284 Duty-Cycle Operation. Many machines are operated on a cycle of 


duty which repeats itself with more or less regularity. For pur- 
Poses of rating, either a continuous or a short-time equivaient 
load, may be selected, which shall simulate as nearly as possible 
the thermal conditions of the actual duty cycle. 


285 Standard durations of equivalent tests shall be for machines 


Operating under specified duty-cycles as follow: 


5 minutes 
10 т 
30 s 
60 * 
120 “ 


and continuous. 
Of these the first five are short-time ratings, selected as being ther- 
mally equivalent to the specified duty cycle. 
' When, for example, a short-time rating of 10 minutes duration 
5 adopted, and the thermally equivalent load is 25 kw. for that 
Period, then such a machine shall be stated to have а 10-minute 


rating of 25 kw. | 


28 А ; 
$ Іп every case the equivalent short-time test shall commence 


E when the windings and other parts of the machine are within 
C of the ambient temperature at the time of starting the test. 


4 
87 In the absence of any specification as to the kind of rating, the 


continuous rating shall be understood.* 


21 exception is made in the case of motors for railway service, where in the ab- 
rire a any specification as to the kind of rating, the “ nominal rating" as 
in $319 and 416 shall be understood. 
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301 


302 


303 


304 
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307 


Machines marked in accordance with $264 shall be understood to 
have a continuous rating, unless otherwise marked in accordance with 


8285. 


HEATING AND TEMPERATURE 


Temperature Limitations of the Capacity of Electrical Machinery. 
The capacity, so far as relates to temperature, is usually limited by 
the maximum temperature at which the materials inthe machine, espec- 
ially those employed for insulation, may be operated for long periods 
without deterioration. When the safe limits are exceeded, deteriora- 
tion is rapid. The insulating material becomes permanently damaged 
by excessive temperature, the damage increasing with the length 
of time that the excessive temperature is maintained, and with 
the amount of excess temperature, until finally the insulation breaks 
down. 


The result of operating at temperatures in excess of the safe limit 
is to shorten the life of the insulating material. This shortening 
of life is, in certain special cases, wairanted, when necessary for 
obtaining some other desirable result, as, for example, in some in- 
stances of railway and other motors for propelling vehicles, 
in providing greater power within alimited space. See $804. Further 
instances may also be noted in the cases of contactors, controllers, 
induction-starters, arc-lamp-magnet windings, etc., designed and con- 
structed for operation at relatively high temperatures. 


There does not appear to be any advantage in operating at lower 
temperatures than the safe limits, so far as the life of the insulation 
is concerned. Insulation may break down from various causes, 
and when these breakdowns occur, it is not usually due to the 
temperature at which the insulation has been operated, provided 
the safe limits have not been exceeded. 


The Ambient Temperature is the temperature of the fluid 
or fluids which, coming into contact with the heated parts of 
a machine, carries off its heat convectively. 


The cooling fluid may either be led to the machine through ducts, 
or through pipes, or merely surround the machine freely. In the 
former case the ambient temperature is to be measured at the intake 
of the machine itself. In the latter case see $314. 


Ambient Temperature of Reference for Air. The standard 
ambient temperature of reference, when the cooling medium is air, 
shall be 40°C. 


The permissible rises in temperature given in column 2 of 
table III in 8376 have been calculated on the basis of the standard 
ambient temperature of reference, by subtracting 40° from the 
highest temperatures permissible, which are given in column 1 of 
the same table. 


A machine may be tested at any convenient ambient temper- 
ature, but whatever be the value of this ambient temperature, the 
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permissible rises of temperature must not exceed those given in 
column 2 of the table in $376. 


308 Altitude. Increased altitude has the effect of increasing the tem- 
perature rise of some types of machinery. In the absence of in- 
formation in regard to the height above sea level at which the machine 
is intended to work in ordinary service, this height is assumed not 
to exceed 1000 meters (3300 fect.) For machinery operating at ап 
altitude of 1000 meters or less, a test at any altitude less than 1000 
meters is satisfactory, and no correction shall be applied to the ob- 
Served temperatures. Machines intended for operation at higher 
altitudes shall be regarded as special. See $867. It is recommended 
that when a machine is intended for service at altitudes above 1000 
meters (3300 ft.) the permissible temperature rise at sea level, until 
more nearly accurate information is available, shall be reduced by 
l per cent for each 100 meters (330 ft.) by which the altitude ex- 
ceeds 1000 meters. Water cooled oil transformers are exempt from 
this reduction. 


909 Ambient Temperature of Reference for Water-Cooled Machinery. 
For water-cooled machinery, the standard temperature of reference 

for incoming cooling water shall be 25° C, measured at the intake 

of the machine. | 


310 — In the testing of water-cooled transformers, it is not necessary to 


take into account the surrounding- air temperature, except where the 
cooling effect of the air is 15 per cent or more of the total cooling 
effect, referred to the standard ambient temperature of reference of 
25°С. for water and 40°C. forair. When the effect of the cooling air 
IS 15 per cent. ог more of the total, the temperature of the cooling 
Water should be maintained within 5°С. of the surrounding air. 
Where this is impractical, the ambient temperature should be de- 
termined from the change in the resistance of the windings, using 
а disconnected transformer, supplied with the normal amount of 


Cooling Water, until the temperature of the windings has become 
Constant. 


311 
In the case of rotating machines, cooled by forced draught, 


four попа! weighted mean shall be employed, a weight | of 

throy 8 given to the temperature of the circulating air supplied 

а ЕП ducts (see $304), and a weight of one to the surrounding room 
* In the case of air-cooled transformers, see '' exception " $321. 


" Machines Cooled by Other Means. For machines cooled by other 
“ans, special rules are necessary. 


313 
Outdoor Machinery Exposed to Sun’s Rays. 
a FLUE machinery not protected from the sun's rays at times 
бауу load, must receive special consideration. 
ci pasurement of the Ambient Temperature During Tests of 
ery. 
& ambient temperature is to be measured by means of several 
шы placed at different points around and half-way ир 
= Machine, at a distance of 1 to 2 meters (3 to 6 feet), and protected 
ош drafts, and abnormal heat radiation, preferably as in $916. 


313 
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The value to be adopted for the ambient temperature during a test, 
is the mean of the readings of the thermometers (placed as above), 
taken at equal intervals of time during the last quarter of the duration 
of the test. 


Inorder to avoid errors due to the time lag between the temperature 
of large machines and the variations in the ambient air, all reasonable 
precautions must be taken to reduce these variations and the errors 
arising therefrom. Thus, the thermometer for determining the 
ambient temperature shall be immersed in a suitable liquid, such as 
oil, in a suitable heavy metal cup. This can be made to respond to 
various rates of change, by proportioning the amount of oil to the metal 
іп the containing сир. А convenient form for such an oil-cup consists 
of a massive metal cylinder, with a hole drilled partly through it. 
This hole is filled with oil and the thermometer is placed therein with 
its bulb well immersed. The larger the machine under test, the 
larger should be the metal cylinder employed as an oil-cup in the 
determination of the ambient temperature. The smallest size 
of oil cup employed in any case shall consist of a metal cylinder 
25 mm. in diameter and 50 mm. high (1 in. in diameter, and 2 in. 
high). 


Thermometers used for taking temperatures of Machinery 
shall be covered by felt pads 3 mm. ($ inch) thick and 4 x 5 cm. 
wide (14 "x 2"), cemented on; oil putty may be used for stationary 
and small apparatus. 


Ф 


In Transformer Testing, and sometimes in testing other machines, | 
it may be desirable to avoid errors due to time lag in tempera-, 


ture changes, by employing an idle unit of the same size and subjected 
to the same conditions of cooling as the unit under test, for obtaining 
the ambient temperature as described in $310. 


Where machines are partly below the floor line in pits, the tempera- 
ture of the rotor shall be referred to a weighted mean of the pit 
and room temperatures, the weight of each being based on the rela- 
tive proportions of the rotor in and above the pit. Parts of the stator 
constantly in the pit shall be referred to the ambient temperature in 
the pit. 


Correction for the Deviation of the Ambient Temperature of 
the Cooling Medium, at the Time of the Heat Test, from the Stand- 
ard Ambient Temperature of Reference. Numerous experiments 
have shown that deviation of the temperature of the cooling medium 
from that of the standard of reference, at the time of the heat run, 
has a negligible effect upon the temperature rise of the apparatus; 
therefore, no correction shall be applied for this deviation. It is, 
nowever, desirable that tests should be conducted at ambient tem- 
peratures not lower than 20?C. 


Exception—A Correction shall be applied to the observed tem- 
perature rise of the windings of Air-blast transformers, due to dif- 
ference in resistance, when the temperature of the ingoing cooling 
air differs from that of the standard of reference. This correction 
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shall be the ratio of the inferred absolute ambient temperature of 
reference to the inferred absolute temperature of the ingoing cool- 
ing air, 4. e. the ratio 274.5/(234.5 + 1); wheretis the ingoing cooling- 
air temperature. 


Thus, a cooling-air room temperature of 30°C. would correspond to 
an inferred absolute temperature of 204.5? on the scale of copper re- 
sistivity, and the correction to 40°C. (274.5? inferred absolute tem- 
perature) would be 274.5 / 264.5 = 1.04, making the correction 
factor 1.04; so that an observed temperature rise of say 50°С. at the 
testing ambient temperature of 30°C. would be corrected to 50 X 
1.04 = 52?C. this being the temperature rise which would have oc- 
curred had the test been made with the standard ingoing cooling- 
air temperature of 40°С. 


322 Duration of Temperature Test of Machine for Continuous Ser- 
vice. The temperature test shall be continued until sufficient evi- 
dence is available to show that the maximum temperature and 
temperature rise would not exceed the requirements of the rules, 
if the test were prolonged until a steady final temperature was 
reached. 


323 Duration of Temperature Test of Machine with a Short-Time 
Rating. The duration of the temperature test of a machine with 
a short-time rating shall be the time required by the rating. 


(See $285 and 286). 


824 Duration of Temperature Test for Machine having more than 
One Rating. The duration of the temperature test for a machine 
with more than one rating shall be the time required bv that rating 
which produces the greatest temperature rise. In cases where this 
cannot be determined beforehand, the machine shall be tested 
separately under each rating. 


326 Temperature Measurements during Heat Run. Temperature 
measurements, when possible, shall be taken during operation, as 
well as when the machine is stopped. The highest figures thus 
obtained shall be adopted. In order to abridge tbe long heating 
period, in the case of large machines, reasonable overloads of cur- 
rent, during the preliminary period, are suggested for them. 


TEMPERATURE MEASUREMENTS 


340 The Actual Temperatures attained in the different parts of a 
machine, and not the rises in temperature, affect the life of the in- 
Sulation of the machine. (See $300 to 302). 


The Temperatures in the Different Parts of a Machine which it 
would be desirable to ascertain, are the maximum temperatures 
reached in those parts. 


Whatever may be the Ambient Temperature when the machine 
11 service, the limits of the maximum observable temperature 
and of temperature rise specified in the rules should not be exceeded 
gu Service; for, if the maximum temperature be exceeded, the in- 
‘Sulation May be endangered, and if the rise be exceeded, the excess 
load May lead to injury, by exceeding limits other than those of 
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temperature; such as commutation, stalling load and mechanical 
strength. 


As it is Usually Impossible to Determine the Maximum Temperature 
attained in insulated windings, it is convenient to apply a correction 
to the observable temperature, so as to approximate the difference be- 
tween the actual maximum temperature and the observable tempera- 
ture by the method used. This correction, or margin of security, is 
provided to cover the errors due to fallibility in the location of the 
measuring devices, as well as inherent inaccuracies in measurement 
and methods. 


In Determining the Temperature of Different Parts of a Machine 
three methods as provided. The appropriate method for any 
particular case 1s set forth below. 


Method No 1. Thermometer Method. 

This method consists in the determination of the temperature, 
by mercury or alcohol thermometers, by resistance thermometers, 
or by thermocouples, any of these instruments being applied to the 
hottest accessible part of the com pleted machine, as distinguished from 
the thermocouples or resistance coils embedded in the machine as 
described under Method No. 3. | 


When Method No. 1 is Used, the hottest-spot temperature for 
windings shall be estimated by adding a hottest-spot correction of 
15°С to the highest temperature observed, in order to allow for the 
practical impossibility of locating any of the thermometers at the hot- 
test spot. | 


Excephon. When the thermometers are applied directly to 
the surfaces of bare windings, such as an edgewise strip conductor, 
or a cast copper winding, а hottest-spot correction of 5°C , instead of 
15°C, shall be made. For commutators, collector rings, bare metallic 
surfaces not forming part of a winding, or for oil in which apparatus 
is immersed, no correction is to be applied. 


Method No. 2. Resistance Method. 

This method consists in the measurement of the temperature of 
windings by their increase in resistance, corrected* to the instant of 
shut-down when necessary. In the application of this method, care- 
ful thermometer measurements must also be made, whenever prac- 
ticpble without disassembling the machinef, in order to increase the 
probability of revealing the highest observable temperature. Which- 


*Whenever а sufficient time has elapsed between the instant of shut-down and 
the time of the final temperature measurement to permit the temperature to 
fall, suitable corrections shall be applied, so as to obtain as nearly as practicable 
the temperature at the instant of shut-down. This can sometimes be approzimately 
eflected by plotting а curve, with temperature readings as ordinates and times 
as abscissas, and extrapolating back to the instant of shut-down. Іп other instan- 
ces, acceptable correction factors can be applied. 

In cases where successive measurements show increasing temperatures after 
Shut-down, the highest value shall be taken. 


tAs one of the few instances in which the thermometer check cannot be applied in 
Method No. 2, the rotor of a turbo-alternator may be cited. 
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ever measurement yields the higher temperature, that temperature 
shall be taken as the '' highest observable’’ temperature and а hot- 
test-spot correction of 10°C added thereto. 


349 The Temperature Co-efficient of Copper shall be deduced from the 
formula 1/(234.5 + 0). Thus, at an initial temperature і =40°C., 
the temperature co-efficient of increase in resistance per degree 
centigrade rise, is 1/(274.5) = 0.00364. The following table, 
deduced from the formula, is given for convenience of refcrence. 


TABLE II. 
Temperature Coefficients of Copper Resistance. 


Temperature oí the | Increase in resis- 
winding, in degrees C. | tance of copper 
at which the initial ге-| per °C., per ohm 

sistance is measured. | of initial resistance. 


0 0.00 427 
5 0.00 418 
10 0.00 409 
15 0.00 401 
20 0.00 393 
25 0.00 385 
30 0.00 378 
35 0.00 371 
40 0.00 364 


360 In Coils of Low Resistance, where the joints and connections 
form a considerable part of the total resistance, the measurement of 
temperature by the resistance method shall not be used. 


361 The Temperature of the Windings of Transformers is always to be 
ascertained by Method 2. In the case of air-blast transformers, it is 


especially important to place thermometers on the coils near the 
air Outlet. 


352° Method No. 3. Embedded Temperature-Detector Method. 
‚ This method consists in the use of thermo-couples ог resis- 
ance temperature detectors, located as nearly as possible at the 
estimated hottest spot. When method No. 3 is used, it shall, 
шеп required, be checked by method No. 2; the hottest spot shall 
i n e taken to be the highest value bv either method, the required 
Trection factors (§348 and $356) being applied in each case. 


353 але 
By Building into the Machine suitably placed temperature de- 


i us a temperature not much less than that of the hottest spot will 
Probably be disclosed. When these devices are adopted for such 


te 
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temperature determinations, a liberal number shall be employed, and 
all reasonable efforts, consistent with safety, shall be made to 
locate them at the various places where the highest temperatures are 
likely to occur. 


Temperature-Detectors should be placed in at least two sets of 
locations. One of these should be between a coil-side* and the core, 
and one between the top and bottom coil-sides where two coil-sides 
per slot are used. Where only one coil-side per slot is used, one set of 
detectors shall be placed between coil-side and core, and one set 
between coil-side and wedge. 


Method No. 3 should be applied to all stators of machines with 
cores having a width of 50 cm. (20 in.) and over. It should also 
be applied to all machines of. 5000 volts and over, if of over 500 
kv-a., regardless of core width. This method is not required for 
induction-regulators, which shall be tested as transformers. 


Correction Factor for Method No. 3.—In the case of two-layer 
windings, with detectors bet ween coil-sides, and between coil-side and 
core, add 5° C tothe highest reading. In single-layer windings, with 
detectors between coil-side and core and between coil-side and wedge, 
add to the highest reading 10° C. plus 1? С. per 1000 volts above 5000 
volts of terminal pressure. 


TEMPERATURE LIMITS 


Table III gives the limits for the hottest-spot tempera- 
tures of insulations. Тһе permissible limits аге indicated 
in column 1 of the Table. The limits of temperature rise 
permitted under rated-load conditions are given in column 2, 
and are found by subtracting 40? C. from the figures in column 1. 
Whatever be the ambient temperature at the time of the test, the rise 
of temperature must never exceed the limits in column 2 of the 
table. The highest temperatures, and temperature rises, attained 
in any machine at the output for which it is rated, must not exceed 
the values indicated in the Table and clauses following. 


Permissible Temperatures and Temperature Rises For Insulating 
Materials. Table III (sce next page) gives the highest temperatures 
and temperature rises to which various classes of insulating materials 
may be subjected, based on a standard ambient temperature of 
reference of 40?C. 


NorE. The Institute recognizes the ability of manufacturers to 
employ Class B insulation successfully at maximum temperatures of 
150? C. and even higher. However, as sufficient data covering ex- 
perience over a period of years at such temperatures is at present 
unavailable, the Institute adopts 125? C as a conservative limit fer 
this class of insulation, and anv increase above this figure shou'd be 
the subject of special guarantee by the manufacturer. 


“А 


coil-side is one of the two active sides of a coil. 


E 
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TABLE III. 
Permissible Temperatures and Temperature Rises for Insulating 
Materials. 
1 2 
Maximum Maximum 
Temperature to 
Description of Materia which. the Temperature 
: Rise 
material may 
be subjected 


378 


Cotton, silk, paper and simi- 
lar materials, when so treat- 
ed or impregnated as to in- 
crease the thermal limit, or 
when permanently  im- 


mersed in oil; also enamel- 
led wire*................ 105°C 65°C 


Mica, asbestos and other ma- 
terials capable of resisting 
high temperatures, in which 
any Class A. material or 
binder is used for structural 
purposes only, and may 
be destroved without im- 
pairing the insulating or 
mechanical qualities of the 


insulation ............. ee 125°C 85°C 


Fireproof and refractory ma- 
terials, such as pure mica, 
porcelain, quartz, etc..... қ 


“Бог cotton, silk, paper and similar materials, when neither impregnated nor im- 
inerded in oil, the highest temperatures and temperature rises shall be 10°C below the 
Imits fixed for Class A, in Table III. 


No limits specified. 


When a lower-temperature class material is comprised in a com- 
pleted product to such ап extent, or in such ways, that its subjection 
to the temperature limits allowed for the higher-temperature class 
material, with which it is associated, would affect the integrity of the 
Insulation either mechanically or electrically, the permissible tempera- 
ture shall be fixed at such a value as shall afford ample assurance that 
по part of the lower-temperature class material shall be subjected to 
temperatures higher than those approved by the Institute and set 
forth above, 
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379 TABLE IV 


-Permissible Hottest Spot Temperatures and Limiting Observable 
Temperature Rises in other than Water-Cooled Machineay 


Class At B 
\ 
Permissible Hottest-Spot Temperature.... 105° 125° 
mmn 
я = | Hottest Spot Согтесіоп................. 15° 15° 
> х e e | Limiting Observable Temperature........ 90° 110° 
= %5 S| Limiting Observable Temperature Rise 
- ta " above dO? Сезанн os eGo UN Kae 509 709 
е A 
= 
Q s 9 Hottest Spot Соггеспоп................. 109 109 
е «5 Limiting Observable Temperature.. d 95? 115° 
> © g Limiting Observable Temperature Rise 
= р N above 40 C.i еее 55° 75° 
ce 
боя | в 6 
> м. © |Hottest Spot Correction....... 5 5 
3. 8 |Limiting Observable Temper- 
" ope аїчте................. 100° 120° 
S S E x Limiting Observable Temper- 
О А 2574 ature Rise above 40°C... 60° 80° 
ш E 
СЕ 
5.4177: 
= ыж «93 ; 
= c 9. [Hottest Spot Correction....... 10° 10° 
А д #8. - Limiting Observable Тетрег- | 
© 2 5 à & = рді, ТКТ 959 1159 
= 2 io LE > {Limiting Observable Temper- 
m 2 9 i ature Rise above 40?C... 55? 75? 
ни ЕО 
uv»? 
a 
LI 
u 9 m c 2 Hottest Spot Correction ...... 10? +(E—5)*/10° +(E—5) 
я 5 . = = Limiting Observable Temper- 
5 $E, аїшге................. 95°—(E—5) |115°—(Е—5) 
w5 5 S|Limiting Observable Temper- 
i5 = ES ature Rise above 40?C...|55?9—(E—5) |75°—(Е— 5) 


tFor cotton, silk, paper and similar materials, when neither impreganted nor immersed 
in oil, the highest temperatures and temperature rise shall be 10°C. below the limits 
fixed for class A. 

*In these formulas, E represents the rated pressure between terminals in kilovolts. 
Thus for a three-phase machine with single-layer winding, and with 11 kilovolts between 
terminals, the hottest-spot correction to be added to the maximum observable temperature 
will be 16°C. 


Special Cases of Temperature limits. 


385 Temperature of Oil. The oil in which apparatus is permanently 
immersed shall in no part have a temperature, observable by ther- 
mometer, in excess of 90°C. 


ғ 


e с е Ыя ETA d 
"" Эл» *L iUc P ТЕ 1 4^ 1 
^. =, pr |: foe 
- ” /” A | x L| 
= БЕ?» г + зна 
STANDARDIZATION RULES OF THE A. I. E. E. 1967 | Е = Ж Ж ЕШ ЕЕ 
в: АГ“. ПМ 6.7 І НК. | 
. ^ Y $ = | n т ч ® (9 | ў | $ 
386 Water-Cooled Transformers. In these the hottest-spot tempera- INN g р И" : ЧН 
ture shall not exceed 90°C. "m E 4 %% 2 4 2 zi Е 12 : 
387 Railway Motor Temperature Limits, see $804 and 805. un. £4 4 ОИ} | " Y 2 Pah | d 
388  Squirrel-Cage and Amortisseur Windings. In many cases the Wb «6 LOI ee 4 "ЕН: Ў 
insulation of such windings is largely for the purpose of making ЖАШ: | x "n 2 ЕРГЕ ИТЕН 
the conductors fit tightly in their slots, and the slightest effective Чой! T T's ЧИ ЖА EET IB 
insulation is ample. In other cases, there is practically no insula- „85 Еа Ве ВИ eet 
ting material on the windings. Consequently, the temperature Е ү: 7 ! 4 Не E 2. IRE! ій X: 
rise may be of any value such as will not occasion mechanical in- ы ie о ЕУ ee к, a s р: ІМРЕ 
jury to the machine. Б НУ ТЕРУ te ee ЕЗГІ ЕР 
е Lh" = a мо |. „ме 19 | М 
389 Collector Rings. Тһе temperature of collector rings shall not be » 2 $ a > E. 30.7 438 „р 235: 71 
permitted to exceed the '' hottest-spot '' values set forth in $376 and 13. S 4d o. rd i T ER 2 ЭЛИ Rae Ta 
379 for the insulations employed either in the collector rings them- eens 560850 7 оС 
selves, or in adjacent insulations whose life would be affected by Н ЕТТЕ и 5:3. ЕРІТЕ! ^ 
the heat from the collector rings. im l9 cR э“; ЕР. F 3 “2 ? ERGY > 
390 Commutators. The observable temperature shall іп по case be Еле 2356 ТН ee T ELS-LEH nit 
permitted to exceed the values given in $376 and 379 for the in- | zb. 4451” 34 ld РК: : 
sulation employed, either in the commutator or in any insulation d i. дЕ enm ІІ ET s. by 
whose life would be affected by the heat of the commutator. С ЕУР IMS х: pt 1 е) е іне 
891 Cores. Тһе temperature of those parts of the iron core іп б. rz Eri Ae 12 i Fe? ETLL 22 
contact with insulating materials must not be such as to occasion | a і ES. Misi o f. Халайық. 
іп those insulating materials temperatures or temperature rises in | vo р CUM а 4E. „Ра 
excess of those set forth іп 5376 and 379. % >> Түн. зи ME j: { у? + М 4: ' 
392 Other parts, (such as brush-holders, brushes, bearings, pole-tips, ror M Ba "e 2 y is». S^. 142%! 4... 
cores, etc.) АП parts of electrical machinery other than those ЧО fe eee БҮ А ЕВС. 
whose temperature affects the temperature of the insulating ma- ОТК eee СР 
terial, may be operated at such temperatures аз shall not be in- Pre i) Rs Ее Е ж % Su ' T 
jurious in any respect. | is A 76; a 13 E ^ „ЮТ, 
" ng 2 | “ Е Mi = T: | T Ё F ў > А 
METHODS OF LOADING TRANSFORMERS FOR TEMPERATURE ‚. SUI ү] | м: 454: 5 ave 55% ет 
TESTS M E 1 TE S аә REIS ^i 
393 Whenever practicable, transformers should be tested under con- d е г * Ta "e 12 ЖЕ Кы. кү, 
ditions that will give losses approximating as nearly as possible UU ЕБ ИТ Pie Te 3M 15 IN - 
to those obtained under normal or specified load conditions, main-. к x қ TIL ASI" м 22520,5 "m JU 
tained for the required time (See $322 to 324). The maximum tem- "à ТТАР FII ДИ. 3 154% PEF ea. fe: 
Perature rises measured during this test should be considered as the Үй rb ZEMS 1. j 24 А Hits Н 11Я` 
observable temperature rises for thé given load. PE СТ: ТЕРЕКЕ. ДЕЕР L 
Ап approved method of making these tests is the “ loading-back ” WEE d `В "ET ern: 
method. The principal variations of this method are— Ste m Я С КРУ debate r 
394 — With duplicate single-phase transformers. 2 1] н> 7 ү! CP 4 Жы iwi d | 
Duplicate single-phase transformers may be tested in banks of ЖИЛЕ tose BIG AE 4: ш/м! p ath 
two, with both primary and secondary windings connected in par- zd Бұл SELL ИШ АКГ И ШЕЕ 
allel. Normal magnetizing voltage should then be applied and the ШИЕ, FIEL ЕЕН. ШІН: ох 
required current circulated from an auxiliary source. One trans- GUN ИКЕ ЕНЕ ЕЕЕ УУ 1 
former сап be held under normal voltage and current conditions, DO ИИВ ERE (Pee eee Г: 
while the other may be operating under slightly abnormal con- ЛТ ТЕРИС ЖҰ РЕ ЕЗ 
ditions. тый МР 245 3 у’. S.J 2-8 4 
: ее; “ E . ) 
* 44-5. 131.9. 4 4 7 
| | mE р Y Digitized Бу Googte № f 
& Ke i EIE ILINEZISLZP HM ы» 
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397 


With one three-phase transformer. 

One three-phase transformer may be tested in a manner similar 
to (a), provided the primary and secondary windings are each соп. 
nected in delta for the test. Normal three-phase magnetizing volt 
age should be applied and the required current circulated from an 
auxiliary single-phase source. 


With three single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
three, in a manner similar to (b) by connecting both primary and 
secondary windings in delta, and applying normal three-phase 
magnetizing voltage and circulating the required current from an 
auxiliary single-phase source. 


NoTE:— Among other methods that have a limited application 
and can be used only under special conditions may be mentioned— 

(1) Applying dead load by means of some form of rheostat. 

(2) Running alternately for certain short intervals of time on 
open circuit and then on short circuit, alternating in this way until 
the transformer reaches steady temperature. In this test, the vol- 
tage for the open-circuit interval and the current for the short-circuit 
interval shall be such as to give the same integrated core loss, and 


athe same integrated copper loss, asin normal operation. 


ADDITIONAL REQUIREMENTS 


Short-Circuit Stresses. 

The Institute recognizes the self-destructibility, both mechanical 
and thermal, of certain sizes and types of machines, when subjected 
to severe short-circuits, and recommends that ample protection be 
provided in such cases, external to the machine if necessary. 


Over-Speeds. 


400 


401 


All Types of Rotating Machines shall be so constructed that 
they will safely withstand an over-speed of 25 per cent, except in the 
case of steam turbines, which, when equipped with emergency gover- 
nors, shall be constructed to withstand 20 per cent over-speed. 

In the case of Series Motors, it is impracticable to specify percen- 
tage values for the guaranteed over-speed, on account of the varying 
service conditions. 

Wat2r-wheel Generators shall be constructed for the maximum 
runaway speed which can be attained by the combined unit. 


Momentary Loads. 


402 


Continuously Rated Machines shall be required to carry momen- 
tary loads of 150 per cent of the amperes corresponding to the con- 
tinuous rating, keeping the rheostat set for rated load excitation, 
(See §281, 764 and 803.) and commutating machinery shall com- 
mutate successfully under this condition. Successful commuta- 
tion is such that neither brushes nor commutator are injured by 
the test. In the case of direct-connected generators, this clause 
is not to be interpreted as requiring the prime mover to drive the 
generator at this overload. 
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or equivalent, where applicable. Within the limits of practical 
application, the circulating-power method, sometimes described as 
the Hopkinson or ''loading-back'"' method, may be used. 


Values of the Indeterminate Losses тау also be obtained by 
brake or other direct test, and used in estimating actual efficiencies 
of similar machines, by the separate-loss method. 

Normal Conditions. ‘The efficiency shall correspond to, or be 
corrected to, the normal conditions herein set forth, which shall be 
regarded as standard. These conditions include voltage, current, 
power-factor, frequency, wave-shape, speed, temperature, or such 
of them as may apply in each particular case. 

Measurement of Efficiency. Electric power shall be measured 
at the terminals of the apparatus. In polyphase machines, sufficient 
measurements shall be made on all phases to avoid errorsof unbalance. 


Point at Which Mechanical Power Shall be Measured. Месһапі- 
cal power delivered Бу machines, shall be measured at the pulley, 
gearing, or coupling, on the rotor shaft, thus excluding the loss of 
power in the belt or gear friction. See, however, an exception in 
$800. 

The Efficiency of Alternating-Current machinery shall be measured 
when the current is in phase with the terminal voltage, unless 
otherwise specilied, or unless a definite phase difference is inherent 
in the apparatus, as in induction machinery. 

Efficiency of Alternating-Current Machinery in regard to WaveShape. 

In determining the efficiency of alternating-current machinery, 
the sine wave is to be considered as standard, unless a different wave 
form is inherent in the operation of the system. See $406. 


Temperature of Reference for Efficiency Determinations. The 
efficiency, at all loads, of all apparatus, shall be corrected to а 
reference temperature of 75°С. 

The losses in constant-potential machinery, cither of the stationary 
type, or of the constant-speed rotary ty pe, are of two classes; namely, 
those which remain substantially constant at all loads, and those 
which vary with the load. The former include iron losses, windage 
and friction, also I?R losses in any shunt windings. The latter 
include I?R losses in series windings. The constant losses may be 
determined by measuring the power required to operate the machine 
at no load, deducting any series ГВ losses. Тһе variable boss at 
any load may be computed from the measured resistance of the series 
windings and the given load current. 


Stray Load Losses. The above simple method of determining 
the losses and hence the efficiency is only approximate, since the 
losses which are assumed to be constant do actually vary to some 
extent with the load, and also because the actual loss in the copper 
windings is sometimes appreciably greater than the calculated I?R 
loss. The difference between the approximate losses, as above de- 
termined, and the actual losses, is termed the '' stray load losses ''*. 


. *In Table V, the stray load losses include f, В, 1, К, 1 and m; but do not include 
increased core losses due to increased excitation for compensating internal drop under load. 
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for contact drop per brush; 4. e., 2 volts for total brush drop, 

for either carbon or graphite brushes. See $454 and 819. 
Friction of bearings and windage. (Approx. Meas. or Deter.) 
Rheostat losses, when present. (Acc. Meas. or Deter.) 


Brush friction. (Approx. Meas. or Deter.) 


АП indeterminable load losses (including stray-load iron 
losses) which may be important, which vary with the design, and for 
which no satisfactory method of determination has been found, shall 
be included as zero per cent in estimating conventional efficiency. 


441 Synchronous Motors and Generators. 

No-load core losses. (Acc. Meas. or Deter.) 

I?R loss in all windings. (Acc. Meas. or Deter.) based upon rated 
kw. and power factor. 

Stray load-losses. (Indeterminable.) In approximating these 
losses, the method described in $458 shall be employed. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 

Brush friction and brush-contact loss is negligible. 

Rheostat losses, when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 


442 Induction Machines. 
No-load core losses. (Acc. Meas. or Deter.) 
I?R losses in all windings. (Acc. Meas. or Deter.) 


Stray load-losses. (Indeterminable.) In approximating these 
losses, the method described in $459 shall be employed. 


Brush friction when collector rings are present. (Approx. 
Meas. or Deter.) 

Brush-contact loss. (Approximately Meas. or  Deter.). 
Unless otherwise specified, use the Institute Standard of 1 
volt for contact drop per brush, for either carbon or graph- 
ite brushes. See $454. 


Friction of bearings and windage (Approx. Meas. or Deter.) 
443 Commutating А-С. Machines 


No-load core losses. (Асс. Meas. or Deter.) 

12 losses in all windings. (Acc. Meas. or Deter.) 

Brush friction. (Approx. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless 
otherwise specified, use the Institute Standard of 1 volt for 
contact drop per brush, for either carbon or graphite 
brushes. See $454 and 819. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 


Short-Circuit loss of commu- 


tation. (Indeterminable.) 
Iron loss due to flux distor- | The Institute is not at this 
tion. (Indeterminable.) time prepared to make recom- 
Eddy-current losses due to mendations for approximating 
fluxes varying with load these losses. 
and saturation. (Indeter- 
minable.) 
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444 Synchronous Converters. 


No-load core losses. (Acc. Meas. or Deter.) 

I?R losses in all windings, based on rated kw. and power factor. 
(Approx. Meas. or Deter.) The I?R losses in the armature 
winding shall be derived from those corresponding to its 
use as a direct-current generator, by using recognized factors. 

Brush friction. (Approx. Meas. or Deter.) 

Rheostat losses when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless other- 
wise specified, use the Institute Standard of 1 volt for con- 
tact drop per brush,—for either carbon or graphite brushes. 


See $454. 
Short-circuit loss of commuta- 

tion. (Indeterminable) These losses, while usually of 
Iron loss due to flux distor- low magnitude, are erratic, 

tion when present. (In- and the Institute is not at 

determinable). this time prepared to make 
Eddy-current losses due to recommendations for approxi- 
` fluxes varying with load mating them. 

апа saturation. (Inde- 

terminable.) | 


Friction of bearings and windage. (Approx. Meas. or Deter.) 

For the booster type of synchronous converter, where the 
booster forms an integral part of the unit, its losses shall 
be included in the total converter losses in estimating the 
efficiency. 


446 Transformers. 

No-load losses. These include the core loss and the I?R loss 
due to the exciting current, (Acc. Meas. or Deter.) also the 
dielectric hysteresis loss in the insulation, (Approx. Meas. or 
Deter.) (See §470.) 

I?R losses in all windings. (Acc. Meas. or Deter.) 

Stray load losses. (Approx. Meas. or Deter.). These include 
eddy-current losses in windings and core, due to fluxes varying 
with load. See §471, for the method of approximating these 
losses. ; 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
ROTATING MACHINERY 


450 Bearing Friction and Windage may be determined as follows. 
Drive the machine from an independent motor, the output of which 
Shall be suitably determined. The machine under test shall have its 
brushes removed and shall not be excited. This output represents 
the bearing friction and windage of the machine under test. 


The bearing friction and windage of induction motors may be — 
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461 


452 


453 


454 


watts input, minus I?R loss, under these conditions being taken 
as the friction and windage. 

In the case of engine-type generators, the windage and bearing 
friction loss is ordinarily very small,amounting to a fraction of one 
per cent of the output. In these rules this loss is neglected owing 
to its small value and the difficulty of measuring it. 


Brush Friction of Commutator and Collector Rings. Follow the 
test of $450, taking an additional reading with the brushes in contact 
with the commutator or collector rings. The difference between the 
output obtained in the test in $450 and this output shall be taken as 
the brush friction. Note: The surfaces of the commutator and 
brushes should already be smooth and glazed from running when 
this test is made. 


No-Load Core Loss. Follow the test in §461 with an additional 
reading taken with the machine excited. The difference between the 
output value of $461 and the output value of this reading shall be 
taken as the no-load core loss. This no-load core loss shall be taken 
with the machine so excited, as to produce rated terminal voltage. 


The Core Loss of Induction Motors may be determined by mea- 
suring the watts input to the motor when running free at normal 
rated voltage and frequency, and subtracting therefrom the no- 
load copper loss and the bearing friction and windage. 


No-Load Core Loss at the Internal Voltage Corresponding 
to Rated Load. This shall be taken as in §452, except that the 
machine shall be so excited as to produce at the terminals the volt- 
age corresponding to the calculated internal voltage for the load 
and power factor under consideration. For synchronous 
machines, since no generally accepted method is available for ob- 
taining the stator reactance, the internal voltage shall be determined 
by correcting the terminal voltage for only the resistance drop. 


The Brush-Contact ГВ Loss depends largely upon the material of 
which the brush is composed. As indicating the range of variation 
the following table will be of interest: 


TABLE VI. 
Brush-Contact Drop. 


Volts drop across one brush-contact. 


Grade of Brush (Averageof positiveand negative brushes) 
ERES 
Hard Carbon 1.1 
Soft Carbon 0.9 
Graphite 0.5 to 0.8 
Metal-Graphite types 0.15to 0.5 (The former for largest proportion 
of metal) 


— 


One volt drop per brush shall be considered as the Institute Stand- 
ard drop corresponding to the I?R brush-contact loss, for cal- 
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bon and graphite brushes. Metal-graphite brushes shall be con- 
sidered as special. See $819. | 


Field-Rheostat Losses shall be included in the generator losses 
where there is a field rheostat in series with the field magnets of 
the generator, even when the machine is separately excited. 


Ventilating Blower. When a blower is supplied as part of а 
machine set, the power required to drive it shall be charged against 
the complete unit; but not against the machine alone. 


Losses in Other Auxiliary Apparatus. Auxiliary apparatus, such as 

a separate exciter for a generator or motor, shall have its losses 
charged against the plant of which the generator and exciter are 
a part, and not against the generator. Ап exception should be 
noted in the case of turbo-generator sets with direct-connected 
exciters, in which case the losses in the exciter shall be charged 
against the generator. The actual energy of excitation and the 
field-rheostat losses, if any, (see 5455) shall be charged against the 
generator. 


Stray Load-Losses in Synchronous Generators and Motors. These 
include iron losses, and eddy-current losses in the copper, due to 
fluxes varying with load and also to saturation. 


Stray load-losses are to be determined by operating the machine 
on short circuit and at rated-load current. This, after deducting the 
windage and fiction and I?R loss, gives the stray load-loss for 
polyphase generators and motors. These losses in single-phase 
machines are large; but the Institute is not yet prepared to specify 
a method for measuring them. 


Stray Load-Losses in Induction Machines. 

These include eddy-current losses in the stator copper, and other 
eddy-current losses due to fluxes varying with the load. In wind- 
ings consisting of relatively small conductors, these eddy-current 
losses are usually negligible. | 

With rotor removed, and for a given stator current, measure the 
input the stator at different frequencies. Plot a curve of loss 


against frequency. At low frequencies, the loss becomes constant, 


indicating the I?R value. The difference between this IPR value 
and the total loss at normal frequency, shall be taken as the stray 
load-loss. This method is not accurate with induction motors in 
which the slots are entirely closed. In such machines these losses 
may be greater. 


Polyphase Induction-Motor Rotor I?R Loss. This should be de- 
termined from the slip, whenever the latter is accurately determinable, 
using the following equation: 


Output X slip 


Rotor І?В loss = - 
4 1 —slip 


In large slip-ring motors, in which the slip cannot be directly meas- 
ured by loading, the rotor I?R loss shall be determined by direct 
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resistance measurement; the rotor full-load current to be calculated 
by the following equation: 


| watts output 


Current perring = | 
Rotor voltage at stand- still x “3: XK 


This equation applies to three-phase rotors. For rotors wound 


for two phase, use 2 instead of the 4/3. К may be taken as 0.95 
for motors of 150 kw. or larger. The factor К usually decreases . 
as the size of motor is reduced, but no specific value can be stated 
for smaller sizes. 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
TRANSFORMERS 


No-Load Losses. These shall be measured with open secondary 
circuit at the rated frequency, and with an applied primary voltage 
giving the rated secondary voltage plus the IR drop which occurs in 
the secondary under rated-load conditions. These no-load losses 
include core losses, consisting of hysteresis and eddy-current losses 
in the core, as well as dielectric loss in insulation due to electro- 
static flux, which latter loss increases rapidly with temperature, 
and the test should therefore preferably be made at the reference 
temperature of 75°С. 


Stray Load-Losses. These shall be measured by applying a pri- 
mary voltage sufficient to produce rated-load current in the primary 
and secondary windings, the latter being short circuited. The stray 
load-losses will then be equal to the input decreased by the measured 
I*R losses in both windings, as computed from resistance measure- 
ments at actual temperature, and the rated current. It is ordi- 
narily immaterial whether the high-voltage or low-voltage winding 
is used as the primary winding in this test: 


TESTS OF DIELECTRIC STRENGTH OF MACHINERY 


480 


481 


Basis for Determining Test Voltages. The test voltage which 
shall be applied to determine the suitability of insulation for com- 
mercial operation is dependent upon the kind and size of the ma- 
chinery, and its normal operating voltage, upon the nature of the 
service in which it is to be used, and upon the severity of the me- 
chanical and electrical stresses to which it may be subjected. The 
voltages and other conditions of test which are recommended, 
have been determined as reasonable and proper for the great majority 
of cases, and are proposed for general adoption, except when specific 
reasons make a modification desirable. 


Condition of Machinery to be Tested. Commercial tests shall, 
in general, be made with the completely assembled machinery 
and not with individual parts. The machinery shall be in good 
condition, and high-voltage tests, unless otherwise specified, shall be 
applied before the machine is put into commercial service, and shall 
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not be applied when the insulation resistance is low owing to dirt ог 
moisture. High-voltage tests shall. be made at the temperature as- 
sumed under normal operation or at the temperature attained under 
the conditions of commercial testing. High-voltage tests to determine 
whether specifications are fulfilled, are admissible on new ma- 
chines only. Unless otherwise agreed upon, high-voltage tests of a 
machine shall be understood as being made at the factory. 

482 Points of Application of Voltage. The test voltage shall be suc- 
cessively applied between each electric circuit and all other elec- 
tric circuits and metal parts grounded. 

483  Interconnected Polyphase Windings are considered as one circuit. 
All windings of a machine except that under test, shall be connected 
to ground. 

484 Frequency, Wave Form and Test Voltage. The frequency of 
the testing circuit shall not be less than the rated frequency of the 
apparatus tested. А sine-wave form is recommended. See $406. 
The test shall be made with alternating voltage having a crest 


value equal to 4/ 2 times the specified test voltage. In d.c. machines, 
and in the general commercial application of a.c. machines, the 
testing frequency of 60 cycles per second is recommended. 


485 Duration of Application of Test Voltage. The testing voltage 
for all classes of apparatus shall be applied continuously for a period 
of 60 seconds. è 

486 Apparatus for Use on Single-Phase, 3-Phase-Delta or 3-Phase- 
Star Circuits. Apparatus, such as transformers, which may be used 
in star connection on three-phase circuits, shall have the delta 
voltage of the circuits on which they may be used indicated on the 
rating plate and the test shall be based on such delta voltage. 


VALUES OF A-C. TEST VOLTAGES 


500 The Standard Test for All Classes of Apparatus, Except as Other- 
wise Specified, Shall be Twice the Normal Voltage of the Circuit 
to Which the Apparatus is Connected, Plus 1000 Volts. 


501 Exceptson—Alternating-Current Apparatus connected to Perma- 
nently Grounded Single-Phase Systems, for use on Permanently 
Grounded Circuits of more than 300 Volts, shall be tested with 
2.73 times the voltage of the circuit to ground + 1000 volts. This 
does not refer to three-phase apparatus with grounded star neutral. 


502 Exception—Distributing Transformers. Transformers for pri 
mary pressures from 550 to 5000 volts, the secondaries of which are 
directly connected to consumers' circuits and commonly known as 
distributing transformers, shall be tested with 10,000 volts from 
Primary to core and secondary combined. The secondary windings 
shall be tested with twice their normal voltage plus 1000 volts. 


603 Exception—Auto-Transformers used for starting purposes, shall 
be tested with the same voltage as the test voltage of the appa- 
ratus to which they are connected. 


Ф ER 
А ыў S ъь * 
в 
ege Es Et Se 
PA .. 
» > "i 
Uu Я 
= [1 “ ° 
* - 
v. - > 
* е 
„ a Б . „ Й 
| . б № 
е ә ў е · > 4. * " 
ы a "асе - Bi = 7 5 
= Те , 
ae - . " 
a b « .07 
* 
Ы = E й » LS 
^ * 4 P 
-* е Ж d e. a 
te А i * ‚ 
ү * ы в. 
. ег. 9 е 2% 4 ~ .- , 
' ; > в e. 2 
` * А Ps 4 > 
я * 5 ©. . ә» * 
e = * 4 d = [4 ә 
.. 8 › в* e ж 
. 
e є ` Ф ө ard = 5 
а - . " е 2.24 2203 
“ > 2; oo = . ? ' 
« iu e в sa 
. : е е -+ ж 
.- 3? КЕ . 
- . * ee , а 5 а 
" "е - 
. -—— = А а А Й PL ЫЗ 
Y =, 
> . pA : e - $ 
.-. ve : . 
- S “ * T 2 
А 1 4 М 
%. э + = Š - an a Ж zt Я 
Ф TE . у 
> . К > fat 
- з 5 S 
p a em > 4 .. ó - . 
1 5 E ** , 
= A ` * м» e x 4 ore $ 
> Ы * ii * 
` & 7. E ... Sr, ` 
г . + 7 
.. > + Ф 
М, ES Ры Ds . 2%. .- 
- 1 б 
V А T т % 
Ж “ P j -- К ~ 
А a = * - a г 
e е е: MEC + 2 г i 
М . ` e + E 
5 = - 4“ * E M ; 
"$4. 
.* A 4.” . Ф ”. . е) а * 
" ы + 4 .. * b 
at › ~ « 
- к t s. 
ы « | Ф © z - 
е "EC ur a -. . ae - 
М m . E .- > 
е b- „` 2 е - А 
[3 Е + ў - . 
hy МЕЕ қ 4 ` 1. 2. 
: Ew ELA + ее 
. tas , | в ОЕ . а 
J . . te | б Жылы Te >- i 2 
2.22 ЕЕ" 22 ‘eae 7% Hn 
ы - 47% 1 қ Ы и 
+ ** : ; | ae 7 .4. "- 
, ^ а, се 2” e 
МЕУ v fua | » A È . 
a | е. · SAM ое & 
a wee Я 5 - ж ... А е ^ Ф Ф ‘ere 
АН 5 . 
* Ф е -* i Е iw oe 4. э*° ' 27 
Ы > 2а > К + j PAu . . 
га-д 9 ` ЗЕ .. 
gu a Rs cc c l.c 
r E ы % 
- =“ * ie vx E . è- 
. =? æ., OH .* Жер” x ^ ; * 
. - T PLE XU 2.9 rts E ^ х 
а А а -. = -~ è 
У . т. a ге а tee > 
- è 4 E ТЫрУ > + "a 
р Ы , sa 4 Ad ы 
me о 
2: n + 4 ere р > = . > xe 
> ө. » 24... r е + “. . Fae a x ы 
SR ES E : : 
b - E е. | е а M" Ка 3 t». Й 
г ЫЗ = р -» г”. 2% ie 
< м DES 1 ы * я # з» % i 
- . $ | ~n €*-, ~ teie а 
: Fe a Е E t. B > Б 
> er E . © А EEN E 
' 1... i «bs RC go. UE . 
О Rs ge е 
. на 1 ИРИ + 
3 : i i 5^. . 
к; .> Peas tog. ot mu «<. > c.» 
` i - é ee i = я 
е : : * E 
. к а ж” 1 ):P 05 9 г 
: zx ME ME I E 
| E DD MES 
> “-“ : » А p. „с 
> = © 55 jan RSS Тт. BR | 
H ә - x d “. е „ r t * 5 y 
` қ в - 24-0 ome . a 
г > erp) ox . 0A 
.. Ф ‚зэ, ы tp oe, -. (с m ‘ А 
Low s S Lt ( & “ ot "EL. 
» * E Dario ` Ы » 
| .. ` А +з i“ 5 .. э. . 
- $ pS "* © e. | 22202. 
емо. Be М - eom 3 > " . 
M m - x + 9%, d js . ü EE А 
` | д“ .* > . E M ‚ * 
Ф ә. LI 5 ; > е “ӛ 2: е. > . 
% 4 : 42%, ~ ES B [] ., 
та 3 % a. > = ELE 2 a i ч 
Уа ANT -. .. КА UM e 
: Toa i um г. - ^ Тая Е = Ф 
: +. > Ж + ж ъ > REN + LEE 
=. ` е. e. 5 ғ 2 азы e 
. а СИ sus aa а” ы E - < қ 
= м * „а M Й * < 9 Uo. 
+ > s 
М $: “. Го. t N >, + ta. М Ld - % 
^ 4%. б 4 be at 4. E 
5 . в А row weg ж 
< в. "a ө < “. А ва 
Е ZU ” ir e қ». € `- > 
.. % 4 ee e . 
= '® - ) КЫ 2% 2% . Ж уз Tue 
=: a , 
Н у To € è «сае а 
i 4 са ru -4 | "Ln - 
5 oe up А - ‘ 
> Boa + » <. - ^» = re. + 
.t- hi ; 
IN ы - S. ocu RS ES Е $. * 
E iue VUE ^ . с» 5, ә э. 
ea .-.. > * 3 7. 42. % ы 
D е : • К ы ., 2t 2 - ^ © | E 
r . "et Я 5 HER! > -., ! . 6 
j 2% " .4 x boe ты» е ~ 
| i ee ME. n ^ - j * 
А Я m ^g 
42... af ү | rey " „% + 124 . 
Pte 077 “>. Гн и 4 
GE hd DE * as "di 5 " > 
. м ee ae M [] 
er a reo суі. per. ы 
4. ** 73 ,, sr "HL s. ии: 
vt д = tuc oF ы ARM 
| m . > 4 
Df 4 a ‚# E $. P n э. , 1 » 
ҚАЛ АТ; 2246 Fs Por 23 
* a 1 ba РЧ S * 
қ 4 ~ MO cai 5. ъ ЬЩ eus . 
2. D Eas y <p 
ee a m . 4 « ы. . t =. 
< \ ә а р 1 M % ~ - 
- в 4 * * P e Ы 5. 
a P Ры t., n e * 
б 
foa ӨР ~ pP‘ d 
о : a к = 20. 
| ttn Ы 
LI Ф И .@ ies 2,4 
a . . eg i 8$ 
RE: x ; ' E LEM е 
ki è Ы 
* 2... e Da EE" 
2% ® % LI 
с t. am А ч 
Ф` 1 е: i “, E 
{+ E Эң AN 
б» .... ЫШ i * 
фе» ^ ое. 
n Ж | * 
ч Ж А 
+ ж, Ъ“% -* 4% А “4 . 


1978 


504 


505 


606 


507 


508 


509 


510 


511 


STANDARDIZATION RULES ОЕ THE А. I. Е. E. 


Exception—Household Devices. Apparatus taking not over 
660 wattsf and intended solely for operation on supply circuits not 
exceeding 250 volts, shall be tested with 900 volts, except in the 
case of heating devices which shall be tested with 500 volts at oper- 
ating tempcrature. 


Exception—Apparatus for use on Circuits of 25 Volts or Lower, 
such as bell-ringing apparatus;* electrical apparatus used in automo- 
biles, apparatus used on low-voltage battery circuits, etc., shall be 
tested with 500 volts. 


Exception—Field Windings of Alternating-Current Generators 
shall be tested with 10 times the exciter voltage, but in no case with 
less than 1500 volts nor morc than 3500 volts. 


Exception—Field Windinyst of Synchronous Machines, in- 
cluding motors and converters which are to be started from al- 
ternating-current circuits, shall be tested as follows: . 

a. When machines are started with fields short-circuited they 
shall be tested as specified in $506. 

b. When machines are started with fields open-circuited and 
sectionalized while starting, they shall be tested with 5000 volts. 

c. When machines are started with fields open-circuited and 
connected all series while starting, they shall be tested with 5000 
volts for less than 250-volt excitation and 8000 volts for excitation 
of 250 volts to 750 volts. 


Exception. Phase-Wound Rotors of Induction Motors. The 
secondary windings of wound rotors of induction motors shall be 
tested with twice their normal induced voltage, plus 1000 volts. 

When induction motors with phase-wound rotors are reversed, 
while running at approximatcly normal speed, by reversing the 
primary connections, the test shall be four times the normal in- 
duced voltage, plus 1000 volts. 


Exception—Switches and Circuit Control Apparatus above 600 
volts, shall be tested with 2$ times rated voltage, plus 2000 volts. 
See $720 to 741. 


Exception—Assembled Apparatus. Where a number of pieces 
of apparatus are assembled together and tested as an electrical unit, 
they shall be tested with 15 per cent lower voltage than the lowest 
required on any of the individual pieces of apparatus. 


Testing Transformers by Induced Voltage. Under certain con- 
ditions it is permissible to test transformers by inducing the required 
voltage in their windings, in place of using a separate testing trans- 
former. By "required voltage'', is meant a voltage such that the line 
end of the windings shall receive a test to ground equal to that re- 
quired by the general rules. 


— 


fThe present National Electric Code power limit for a single outlet. 


*This rule does not include bell-ringing transformers of ratio 125 to 6 volts. See National 
Electric Code. 
tSeries;fieldYcoils should,be regarded as part of the armature circuit and tested as such. 
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Transformers with Graded Insulation shall be so marked. They 
shall be tested by inducing the required test-voltage in the transfor- 
mer and connecting the successive line leads to ground. 

Transformer windings permanently grounded within the trans- 
former shall be tested by inducing the required test voltage in 
such windings. (See $500). 


MEASUREMENT OF VOLTAGE IN DIELECTRIC TESTS 
OF MACHINERY 


Use of Voltmeters and Spark-Gaps in Insulation Tests. 
When making insulation tests on electrical machinery. every 
precaution must be taken against the occurrence of any spark- 
gap discharges in the circuits from which the machinery is being 
tested. A  non-inductive resistance of about one ohm рег 
volt shall be inserted in series with one terminal of the spark gap. 
If the test is made with one electrode grounded, this resistance shall be 
inserted directly in series with the non-grounded electrode. If 
neither terminal is grounded, one-half shall be inserted directly in 
series with each electrode. In any case this resistance shall be as 
near the measuring gap as possible and not in series with the tested 
apparatus. The resistance will damp high-frequency oscillations 
at the time of breakdown and limit the current which will flow. 
A water tube is the most reliable form of resistor. Carbon resistors 
should not be used because their resistance may become very low at 
high voltages. 

For MACHINERY OF LOW CAPACITANCE. When the ma- 
chinery under test does not require sufficient charging current to 
distort the high-voltage wave shape, or change the ratio of transfor- 
mation, the spark gap should be set for the required test voltage and 
the testing apparatus adjusted to give a voltage at which this spark 
gap just breaks down. This adjustment should be made with the 
apparatus under test disconnected. The apparatus should then be 
connected, and with the spark gap about 20 per cent longer, the 
testing -apparatus is again adjusted to give the voltage of the 
former breakdown, which is the assumed voltage of test. This 
voltage is to be maintained for the required interval. 


For MACHINERY OF HIGH CAPACITANCE. When the char- 
ging current of the machinery under test may appreciably distort 
the voltage wave or change the effective ratio of the testing trans- 
former, the first adjustment of voltage with the gap set for the 
test voltage should be made with the apparatus under test con- 
nected to the circuit and in parallel with the spark gap. 

When making arc-over tests of large insulators, leads, etc. partial 
arc-over of the tested apparatus may produce oscillations which will 
cause the measuring gap to discharge prematurely. The measured 
voltage will then appear too high. In such tests the '' equivalent ” 
ratio '' of the testing transformer should be measured by gap to within 
20% of the arc-over voltage of the tested apparatus with the tested 
apparatus in circuit. The measuring gap should then be greatly 
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lengthened out and the voltage increased until the tested apparatus 
arcs over. This arc-over voltage should then be determined by mul- 
t plying the voltmeter reading by the equivalent ratio found above. 
Direct measurement of the spark-over voltage over one gap by 
another gap should always be avoided. 


Measurements with Voltmeter. In measuring the voltage 
with a voltmeter, the instrument should preferably derive its 
voltage from the high-tension circuit, either directly, or by means of 
а voltmeter coil placed in the testing transformer, or through an 
auxiliary ratto transformer, It is permissible to measure the voltage 
at other places, such as the transformer primary provided cor- 
rections can be made for the variations in ratio caused by 
the charging current of the machinery under test, or pro- 
vided there is no material variation of this ratio. In any case, 
when the capacitance of the apparatus to be tested is such as 
to cause wave distortion, the testing voltage must be checked by a 
spark gap as set forth in $538, or by a crest voltage meter. If the 
crest-voltage meter is calibrated in crest volts, its readings must be 
reduced to the corresponding г. m. 5. sinusoidal value by dividing with 
V2, 

Measurements with Spark Gaps. If proper precautions 
are observed, spark gaps may be used to advantage in checking 
the calibration of voltmeters when set up for the purposes of high- 
voltage tests of the insulation of machinery. 


Ranges of Voltages. For the calibrating purposes set forth 
in §634 the sphere-gap shall be used for voltages above 50 kv., 
and is to be preferred down to 30 kv. ‘The needle spark-gap may, 
however, be used for voltages from 10 to 50 kv. 


The Needle Spark Gap. Тһе needle spark gap shall consist of 
new sewing needles, supported axially at the ends of linear conductors 
which are at least twice the length of the gap. There must 
be a clear space around the gap for a radius of at least twice the gap 
length. 

The sparking distances in air between No. 00 sewing needle points 
for various root-mean-square sinusoidal voltages are as follows: 


| TABLE VII. 
Needle-Gap Spark-Over Voltages 


(At 25°C and 760 mm. barometer) 
ОБИИ RET 


RM S kilovolts Millimeters R.M.S. Kilovolts | Millimeters 


— ———.— eg «> | en agi eS NS «жекен. ө» «а------“ — — — ——M—MÀ —— ee м. -—— 


— ——— 


10 11.9 35 51 
15 18.4 40 62 
20 25.4 45 19 
25 33 50 90 
30 41 
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The above values refer to a relative humidity of 80 per cent. 
Variations from this humidity may involve appreciable variations 
in the sparking distance. 


The Sphere Spark-Gap. The standard sphere spark-gap shall 
consist of two suitably mounted metal spheres. When used as speci- 
fied below, the accuracy obtainable should be approximately 2 per 
cent. 

No extraneous body, or external part of the circuit, shall be nearer 
the gap than twice the diameter of the spheres. By the “рар” is 
meant the shortest path between the two spheres. 

The shanks should not be greater in diameter than 1/5th the sphere 
diameter. Metal collars, etc., through which the shanks extend, 
Should be as small as practicable and should not, during any meas- 
urement, come closerto the sphere than the maximum gap length 
used in that measurement. 

The sphere diameter should not vary more than 0.1 per cent and 
the curvature, measured by a spherometer, should not vary 
More than 1 per cent from that of a true sphere of the required 
diameter. 


In using the spherometer to measure the curvature, the distance 
between the points of contact of the spherometer feet should be 
Within the following limits: 


TABLE VIII 


Spherometer Specifications 


Diameter of Sphere Distance between contact points in mm. 


in m.m. Maximum Minimum 
02.5 35 25 
125 45 35 
250 65 45 
500 100 65 


рее 


539A In using Sphere Gaps constructed as above, it is assumed that the 


аррагаёцѕ will be set up for use in a space comparatively free from 
€Xternal dielectric fields. Care should be taken that conducting 
bodies forming part of the circuit, or at circuit potential, are not so 
located with reference to the gap that their dielectric fields are super- 
POsed onthe gap; e.g., the protecting resistance should not be arranged 
SO as to present large masses or surfaces near the gap, even at a dis- 
tance of two sphere diameters. 

In case the sphere is grounded, the spark point of the grounded 


Sphere should be approximately five diameters above the floor or 


ground. 
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640 The sparking distances between different spheres for various r.m.s 
sinusoidal voltages shall be assumed to be as follows: 


: | . TABLE IX. 
Sphere-Gap Spark-Over Voltages 


(At 25°C and 760 mm. barometric pressure) 


Sparking Distance in Millimeters. 


Kilo- | 62.5 mm. spheres 125 mm. spheres 250 mm. spheres 500 mm. spheres 
volts 
One Both One Both One Both Ост Both 


sphere spheres | sphere spheres sphere spheres | sphere spheres 
grounded jinsulated|yrounded Jinsulated|grounded |insulated| grounded [insulated 


—— | —MM——— |—————— | ——M— |———— | ———— | ————— В À—M——— 


10 4.2 4.2 
20 8.6 8.6 ; 
30 13.5 13.5 14.1 14.1 
° 40 19.2 19.2 19.1 19.1 : 
) 50 25.5 25.0 24.4 24.4 . 
_ 60 34.5 32.0 30 30. 29 29 
70 46.0 39.5 36 36 35 35 
80 62.0 49.0 42 42 41 41 41 41 
90 60.5 49 і 49 46 45 46 45 
100 56 55 52 51 52 51 
120 79.7 71 64 63 63 62 
140 108 Р 88 — 78 77__ 74 Ке 73 
160 150 110 92 90 85 83 
180 138 109 106 97 95 
: 200 128 123 108 106 _ 
220 150 141 120 117 
j 240 177 160 133 130 
260 210 180 148 144 
2 280 250 203 163 158 
300 231 177 17 
ES 320 265 194 187 
; 340 214 204 
ы 360 234 221 
Е. 380 255 239 
400 276 257 
= —— pr a a a tn 
The sphere gap is more sensitive than the needle gap to momentary rises of voltage 
and the voltage required to spark over the gap should be obtained by slowly closing 
© the gap under constant voltage, or by slowly raising the voltage with a fixed setting 
of the gap. Open arcs should not be permitted in proximity to the gap during 
its operation, as they may affect its calibration. 
AIR-DENSITY CORRECTION-FACTORS FOR SPHERE GAPS 


641 The Spark-Over Voltage, for a given рар, decreases with decreasing 
barometric pressure and increasing temperature. This correction 
may be considerable at high altitudes. 
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The spacing at which it is necessary to set a gap to spark over at 
some required voltage, is found as follows: Divide tne required 
voltage by the correction factor given below in Table X. А new 
voltage is thus obtained. The spacing on the standard curves ob- 
tained from Table IX, corresponding to this new voltage, is the re- 
quired spacing. 

The voltage at which a given gap sparks over is found bv taking the 
voltage corresponding to the spacing from the standard curves of 
Table IX, and multiplying by the correction factor. 

When the variation from sea level is not great, the relative air 
density may be used as the correction factor; when the variation is 
&reat, or greater accuracy is desired, the correction factor correspond- 
ing to the relative air density should be taken from Table X below, 
in which 

0.392 b 
273 +4 


b = barometric pressure in mm. 

{ = temperature in deg. C. 

Corrected curves may be plotted for any given altitude, if de- 
Sired. 

Values of relative air density and corresponding values of the cor- 
Tection factor are tabulated below. It will be seen that for values 
" Above .9, the correction factor does not differ greatly from the relative 
air density. 


Relative air density = 


TABLE X. 
Air-Density Correction Factors for Sphere Gaps 


Relative 
air Diameter of standard spheres in mm. 
density 
ылы Озу: 
62.5 125 250 500 
а. ыы о PER NECS EISE TERRENI ERS ОСК = [т ел = 
0.50 0.547 0.535 0.527 0.519 
0.55 0.594 0.583 0.575 0.567 
0.60 0.640 0.630 0.623 0.615 
0.65 0.686 0.677 0.670 0.663 
0.70 0.732 0.724 0.718 0.711 
0.75 0.777 0.771 0.766 0.759 
0.80 0.821 0.816 0.812 0.807 
0.85 0.866 0.862 . 0.859 0.855 
0.90 0.910 0.908 0.906 0.904 
0.95 0.956 0.955 0.954 0.952 
1.00 1.000 1.000 1.000 1.000 
1.05 1.044 1.045 1.046 1.048 
1.10 1.090 1.092 1.094 1.096 


1951 


550 


551 


660 
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INSULATION RESISTANCE OF MACHINERY 


The insulation resistance of a machine at its operating temperature 
shall be not less than that given by the following formula: 


voltage at terminals 


Insulation Resistance in megohms= ------------- -—— 
" rated capacity in kv-a. -]- 1000 


The formula only applies to dry apparatus. Such high values are 
not attainable in oil-immersed apparatus. 

Insulation resistance tests shall, if possible, be made at а d.c. pressure 
of 500 volts. Since the insulation resistance varies with the pressure, 
it is necessary that, if a pressure other than 500 volts is to be employed 
in any case, this other pressure shall be clearly specified. 

The order of magnitude of the values obtained by this rule is 
shown in the following table: 


TABLE XI. 
Insulation Resistance of Machinery 


Rated 


Voltage 
of machine 


100 
1,000 
10,000 
100,000 


It should be noted that the insulation resistance of machinery is of 
doubtful significance by comparison with the dielectric strength. 
The insulation resistanceis subject to widevariation with temperature 
humidity and cleanliness of the parts. When the insulation 
resistance falls below that corresponding to the above rule, it can, 
in most cases of good design and where no defect exists, be broughtup 
to the required standard by cleaning and drying out the machine. 
The insulation-resistance test may therefore afford a useful indi- 
cation as to whether the machine is in suitable condition for the 
application of the dielectric test. 


REGULATION 


DEFINITIONS 


Regulation. The regulation of a machine in regard to some 
characteristic quantity (such as terminal voltage or speed) is the 
change in that quantity occurring between any two loads. Unless 
otherwise specified, the two loads considered shall be zero load and 
rated load, and at the temperature attained under normal 
operation. The regulation may be expressed by stating the nu- 
merical values of the quantity at the two loads, or it may be ex- 
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pressed by the " percentage regulation", which is the percentage 
ratio of the change in the quantity occurring between the two 
loads, to the value of the quantity at either one or the other load, 
taken as the normal value. It is assumed that all parts of the 
machine affecting the regulation maintain constant temperature 
between the two loads, and where the influence of temperature is of 
consequence, a reference temperature of 75°C shall be considered as 
Standard. If change of temperature should occur during the tests, 
the results shall be corrected to the reference temperature of 75°C. 

The normal value may be either the no-load value, as the no-load 
Speed of induction motors; or it may be the rated-load value, as in 
the voltage of a.c. generators. 

It is usual to state the regulation of d-c. generators by giving 
the numerical values of the voltage at по load and rated load, and in 
Some cases it is advisable to state regulation at intermediate loads. 


561 The Regulation of d-c. Generators refers to changes in voltage 
Corresponding to gradual changes in load and does not relate to the 
Comparatively large momentary fluctuations in voltage that fre- 
quently accompany instantaneous changes in load. 

In determining the regulation of a compound-wound 4-с. gener- 
ator, two tests shall be made, one bringing the load down and the 
Other bringing the load up, between no-load and rated load. 
These may differ somewhat, owing to residual magnetism. The 
mean of the two results shall be used. 

562 In constant-potential a-c. generators, the regulation is the rise 
in voltage (when the specified load at specified power factor is 
thrown off) expressed in per cent of normal rated-load voltage. 

663 In constant-current machines, the regulation is the ratio of the 
maximum difference of current from the rated-load value (occurring 
in the range from rated-load to short-circuit, or minimum limit 
of operation), to the rated-load current. 

564 In constant-speed direct-current motors, and induction motors, 
the regulation is the ratio of the difference between full-load and no- 
load speeds to the no-load speed. 

565 In constant-potential transformers, the regulation 1s the difference 
between the no-load and rated-load values of the secondary terminal 
voltage at the specified power factor (with constant primary im- 
pressed terminal voltage) expressed in per cent of the rated-load 
secondary voltage, the primary voltage being adjusted to such a 
value that the apparatus delivers rated output at rated secondary 
voltage. 

566 іп converters, dynamotors, motor-generators and frequency 
converters, the regulation is the change in the terminal voltage of 
the output side between the two specified loads. This may be 
expressed by giving the numerical values, or as the percentage of 
the terminal voltage at rated load. 

667 Іп transmission lines, feeders etc., the regulation is the change 
in the voltage at the receiving end between rated non-inductive 
load and no load, with constant impressed voltage upon the sending 
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end. The percentage regulation is the percentage change in voltage 
to the normal rated voltage at the receiving end. 

568 In steam engines, steam turbines and internal combustion engines, 
the percentage speed regulation is usually expressed as the per- 
centage ratio of the maximum variation of speed, to the rated-load 
speed in passing slowly from rated load to no load (with constant 
conditions at the supply.) 

569 If the test is made by passing suddenly from rated load to по 
load, the immediate percentage speed regulation so derived shall 
be termed the fluctuation. 

570 Іп a hydraulic turbine, or other water motor, the percentage 
speed regulation is expressed as the percentage ratio of the maximum 
variation in speed in passing slowly from rated load to no load (at 
constant head of water), to the rated-load speed. 

571 In a generator unit, consisting of a generator combined with a 
prime mover, the speed or voltage regulation should be determined 
at constant conditions of the prime mover; $.е. constant steam- 
pressure, head, etc. It includes the inherent speed variations of 
the prime mover. For this reason, the regulation of a generator 
unit is to be distinguished from the regulation of either the prime 
mover, or of the generator combined with it, when taken separately. 


CONDITIONS FOR TESTS OF REGULATION 


580 Speed and Frequency. The regulation of generators is to be 
determined at constant speed, and of alternating-current apparatus 
at constant frequency. 


581 Power Factor. In apparatus generating, transforming or trans- 
mitting alternating currents, the power factor of the load to which 
the regulation refers should be specified. Unless otherwise specified, 
it shall be understood as referring to non-inductive load, that 1$ 
to a load in which the current is in phase with the e.m f. at the out- 
put side of the apparatus. 


582 Wave Form. In the regulation of alternating-current machinery 
receiving electric power, a sine wave of voltage 1s assumed, except 
where expressly specified otherwise. See $406. 


583 Excitation. In commutating machines, rectifying machines, and 
synchronous machines, such as direct-current generators and motors, 
as well as in alternating-current generators, the regulation is to be 
determined under such conditions as to maintain the field adjustment 
constant at that which gives rated-load voltage at rated-load 
current, as follows: 

(1) In the case of separately-excited field magnets—constant 
excitation. | 

(2) In the case of shunt machines, constant resistance in the shunt- 
field circuit. 

(3) In the case of series or compound machines, constant resist- 
ance shunting the series-field windings. 
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684 Tests and Computation of Regulation of A-C. Generators. 
Any one of the three following methods may be used. They are 
given in the order of preference. 


Method a. 

The regulation can be measured directly, by loading the gener- 
ator at the specified load and power factor, then reducing the load to 
zero, and measuring the terminal voltage, with speed and excitation 
adjusted to the same values as before the change. This method 
is not generally applicable for shop tests, particularly on large 
generators, and it becomes necessary to determine the regulation 
from such other tests as can be readily made. 


685 Method b. 
This consists in computing the regulation from experimental 
data of the open-circuit saturation curve and the zero-power- 
factor saturation curve. The latter curve, or one approximat- 


Normal Voltage 


p = 


S 


TERMINAL VOLTAGE 


.. 
I an “шз us «шь «к» AD «ше euo (us «ж» «к» «ш» «ке = 


n 


FIELD EXCITATION 
Fic. 1 


Ing very closely to it, can be obtained by running the generator 
With over excitation on a load of idle-running under-excited syn- 
Chronous motors. "The power factor under these conditions is very 
9% and the load saturation curve approximates very closely the zero 
е factor saturation curve. From this curve and the open circuit 
ГУе, points for the load saturation curve, for any power factor, can 

© Obtained by means of vector diagrams. 
: To apply Method b, it is necessary to obtain from test, the open- 
ze it saturation curve OA, Fig. 1, and thesaturation curve B C at 
TO power factor and rated-load current. At any given excitation 
€» the voltage that would be induced on open circuit is ac, the ter- 
di voltage at zero power factor is bc, and the apparent internal 
Әр is ab. The terminal voltage dc at any other power factor can 


t | ‘ 
— hen be found by drawing ап e.m.f. diagram* as in Fig. 2, where @ is 
f 


* Method b, for deducing the load saturation curve, at any assigned power factor, 

Ча no-load and zero-power-factor saturation curves obtained by test, must be re- 

d as empirical. Its value depends upon the fact that experience has demon- 
“trated the reasonable correctness of the results obtained by it. 
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586 


an angle such that cos ф is the power factor of the load, b e the resist- 
ance drop (Z №) in the stator winding, ba the total internal drop, and 
ac the total induced voltage; ba and ac being laid off to correspond 
with the values obtained from Fig. 1. The terminal voltage at power 
factor cos Фф, is then cb of Fig. 2, which, laid off in Fig. 1, gives point d. 
By finding a number of such points, the curve Bdd' for power factor 
cos Q is obtained and the regulation at this power factor (expressed in 


100 X a'd' 
рег cent) is- fo -,since a^ d’ is the rise in voltage when the load 
с 


at power factor cos ф is thrown off at normal voltage c' d'. 
Generally, the ohmic drop can be neglected, as it has very little 
influence on the regulation, except in very low-speed machines 
where the armature resistance is relatively high, or in some cases 
where regulation at unity power factor 15 being estimated. For low 
power factors, its effect is negligible in practically all cases. If 


Fic. 2 Fic. 3 


resistance 1s neglected, the simpler e.m.f. diagram, Fig. 3, may be 
used to obtain points on the load saturation curve for the power 
factor under consideration. 


' Method c. 

Where it is not possible to obtain by test à zero-power-factor sat 
uration curve asin Method b, this curve can be estimated closely from 
open-circuit and short-circuit curves, by reference to tests at zero 
power factor on other machines of similar magnetic circuit. Having 
obtained the estimated zero-power-factor curve, the load satura- 
tion for any other power factor 1s obtained as in method b. 

Thus Method cis the same as Method b; except that the zero-power- 
factor curve must be estimated. This may be dune as follows. In 
Fig. 4. OA is the open-circuit saturation curve and OE the short-cir- 
cuit line as shown by test. The zero-power-factor curve corresponding 
to any givencurrent BF willstart from point B,and formachines design- 
ed with low saturation and low reactance, will follow parallel toOA as 
shown by the dotted curve BD, which is OA shifted horizontally par- 
allel to itself by the distance OB. In high-speed machines, or in others 
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having low reactance and а low degree of saturation in the magnetic 
circuit, the zero-power-factor curve will lie quite close to BD, particu. 
larly in those parts that are used for determining the regulation. This 
is the case with many turbo-generators and high-speed water-wheel 
generators. In many cases, however, the zero-power-factor curve 
w.ll deviate from BD, as shown by BC, and the deviation will be 
most pronounced in machines of high reactance, high saturation, 
and large magnetic leakage. Тһе position of the actual curve BC 
with relation to BD, can be approximated with sufficient exactness 
by investigating the corresponding relation as obtained by test at zero 
power factor on machines of similar characteristics and magnetic 
circuit. Or curve BC can be calculated by methods based on the 
results of tests at zero power factor. After BC has been obtained, 
the saturation curve and regulation for any other power factor can 
be derived as in Method (b). 


TERMINAL VOLTAGE 


Short Circuit Current 


В FIELD EXCITATION 
Fic. 4 


Tests and Computation of Regulation for Constant-Potential 
Transformers. 

The regulation can be determined by loading the transformer 
and measuring the change in voltage with change in load, at the speci- 
fied power factor. This method is not generally applicable for shop 
tests, particularly on large transformers. 

The regulation for any specified load and power factor can be 


Computed from the measured impedance watts and impedance volts, . 


as follows: 

Let: 
P = impedance watts, as measured in the short-circuit test at 

76°C. 

E, = impedance volts, as measured in the short-circuit test. 
IX = Reactance Drop in Volts. 
Г = Rated Primary Current. 
E = Rated Primary Voltage. 
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4 = percent drop in phase with current. 
qx = percent drop in quadrature with current. 
IX = м Ей — ғу 
= : Г 
Р 
z100—— 
qo BI 
IX 
COE | 
588 - Then— 
1. For unity power factor, we have approximately:- 
41, 
Р t lation = == 
er cent regulation Qr + 200 
589 2. For inductive loads of power-factor т and reactive-factor п, 
ке 2 
Per cent regulation = та, + пах + (mge nar) 
200 
TRANSFORMER CONNECTIONS 
SINGLE-PHASE TRANSFORMERS 
600 Marking of Leads. 


601 


602 


603 


604 


The leads of single-phase transformers shall be distinguished 
from each other by marking the high-voltage leads with the letters 
A and B, and the low-voltage leads with the letters X and Y. They 
shall be so marked that the potential difference between А and B 
shall have the same direction at any instant as the potential dif- 
ference between X and Y. 

In accordance with the above rule, the terminals of single-phase 
transformers shall be marked as follows: 


(1) High- and Low-Voltage Windings in Phase: 
A B 
X Y 
(2) High- and Low-Voltage Windings 180 deg. Apart in Phase: 
A B 
Y X 


To operate transformers thus marked in parrallel,it is only neces- 
sary to connect similarly -marked terminals.together, (provided 
that the reactances and resistances of the transformers are such 
as to permit of parallel operation). 

Single-Phase Transformers with More Than Two Windings. 

Transformers possessing three or more windings (each being 
provided with separate out-going leads), sł: have the leads con- 
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nected to two of their windings, lettered in accordance with the 
preceding paragraph. The remaining leads shall be distinguished 
from the others by a subscript. For example, transformers possess 
ing four secondary leads connected to two distinct similar wind 
ings for multiple-series operation, shall be lettered as follows: 


А ——— B 
Pme 

X1——— Yi 
This indicates that the low-voltage winding consists of two dis- 
connected parts, one part having terminals X Y and the other part 
having terminals X,Y). For multiple connection, X and Х\ are 
connected together and Y and Ү are connected together. For 
series connection, Y is connected to Xj. 


605 Neutral Lead 
An out-going 50 per cent. ‘neutral) tap lead should be lettered N. 


606 Internal Connections , 
The manufacturer shall furnish a complete diagrammatic sketch 
of internal connections, and all taps and terminals of the transformer 
Shall he marked to correspond with numbers or letters in the sketch. 


THREE-PHASE TRANSFORMERS 


607 Three-phase transformers ordinarily have three or four leads for 
high-voltage, and three or four leads for low-voltage windings. To 
distinguish the various leads from each other, and also to distinguish 
between the various phase relations obtainable, the three high-vol- 
tage leads should be lettered A BC and the three low-voltage leads 
XYZ. In addition, it should be distinctly stated in which of the 


three groups given in the following diagram the transformer: 


belongs. 
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608 Тһе rules given above Jor single-phase transformers in regard to 
the neutral tap, (See §605) and also in regard to internal connec- 
tions, (See, §600 to §604) are applicable to three-phase transformers. 


609 Angular Displacement. 

The angular displacement between high- and low-voltage windings, 
is the angle in the diagram in §607, between the lines passing 
from the neutral point through A and X respectively. Thus, in 
Group 1, the angular displacement is zero degrees. In Group 2, the 
angular displacement is 180°, and in Group 3 the angular displace- 
ment is 30°. 


610 Parallel Operation of Three-Phase Transformers. 

| Three-phase transformers, lettered in accordance with the above 
rules, will operate correctly in parallel, if at their rated loads, their 
percentage resistance drops are equal, and their percentage reactance 
drops, are equal. It is furthermore necessary that the angular 
displacements between high-voltage and low-voltage windings shall 
be equal, $.е. that the transformers shall belong to the same group 
in the diagram in §607. It is then only necessary to connect 
together similarly marked leads. 


INFORMATION ON THE RATING PLATE OF A MACHINE 


620 It is recommended that the rating plate of machines which 
comply with the Institute rules shall carry a distinctive special 
sign, such as “А.Г.Е.Е. 1915 Rating" or "A15" Rating. 


621 Тһе absence of any statement to the contrary on the rating plate 

of a machine implies that it is intended for continuous service and for 

| the standard altitude and ambient temperature of reference. See 
 $$287, 305, 308 and 309. 


622 The rating plate of a machine intended to work under various 
kinds of rating must carry the necessary information in regard to 
those kinds of ratings. 


623 The rating plate. in addition to the name of the manufacturer 
and the serial number, should give the following information.* 


624 Generator, Direct-Current. 
Shunt, series, or compound. 
Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 
Current, in атрегез. 
Speed, in revolutions per minute. 


625 Motor, Direct-Current. 
Shunt, series, or compound. 
Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 
Current, approximate, in amperes. 
Speed, in revolutions per minute. 


*Information, for which space on the rating plate cannot be provided, shall be 
furnished on a supplementary rating certificate. 
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Transformer. 


Frequency, in cycles per second. 
Number of phases. 


Output at the secondary terminals in kv-a., with statement as to 


the kind of rating. 


High pressure. in volts. 
Low pressure, in volts. See §§202, 203 and 204 
Lead markings and diagram of internal connections, as set forth in 


§600 to 609. 


Alternator. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Output, in kv-a., with statement as to the kind of rating. 

Power-factor corresponding to rated output. 

Pressure between terminals, in volts, corresponding to the rated 
output. 

Current in amperes. 

Speed in revolutions per minute. 

Synchronous Motor. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Mechanical output, in kw., with statement as to the kind of rating. 

Pressure between terminals, in volts, corresponding to the rated 
output. 


Current in amperes. 
If the motor is intended to work with a power factor different 


from unity, the necessary information shall be given. 


Speed, in revolutions per minute. 
Synchronous Converter. 


requency in cycles per second. 
Number of poles. 


Number of phases. 
Output at commutator іп kilowatts, with statement as to 


kind of rating. 


“©. terminal pressure in volts. 
Urrent from commutator in amperes. 
Peed in revolutions per minute. 
Induction Motor. 
Téquency, in cycles per second. 


Number of poles. 


umber of phases. 


*chanical output, in kw., with statement as to the kind of rating. 
Téssure between terminals, in volts. 
Urrent, in amperes. 


‚ in revolutions per minute, at rated output. 
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STANDARDS FOR WIRES AND CABLES 


TERMINOLOGY* 


635 Wire.—A slender rod or filament of drawn metal. 


The definition restricts the term to what would ordinarily be under- 
stood by the term “ solid wire." In the definition, the word “ slender” 
is used in the sense that the length is great in comparison with the 
diameter. Ша wireis covered with insulation, it is properly called an in- 
sulated wire; while primarily the term '' wire " refers to the metal, never- 
theless when the context shows that the wire is insulated, the term "wire ” 
will be understood to include the insulation. 


636 Conductor.—A wire or combination of wires not insulated from 
one another, suitable for carrying a single electric current. 


The term “ conductor ” is not to include а combination of conductors 
insulated from one another, which would be suitable for carrying several 
different electric currents. 

Rolled conductors (such as busbars) are, of course, conductors, but are 
not considered under the terminology here given. 


687 Stranded Conductor.—A conductor composed of a group of 
wires, or of any combination of groups of wires. 


The wires іп a stranded conductor are usually twisted or braided toe» 
gether 


688 СаМе.-(1) А stranded conductor (single-conductor cable); or 
(2) a combination of conductors insulated from опе 
another (multiple-conductor cable). 


The component conductors of the second kind of cable may be either 
solid or stranded, and this kind of cable may or may not have a common 
insulating covering. The first kind of cable is a single conductor, while the 
second kind is a group of several conductors. The term '' cable ” is applied 
by some manufacturers to a solid wire heavily insulated and lead-covered; 
this usage arises from the manner of the insulation, but such a conductor 
is not included under this definition of ''cable." The term " cable” is 
& general one, and, in practise, it is usually applied only to the larger sizes. 
А small cable is called a “ stranded wire '"" or a '' cord," both of which are 
defined below. Cables may be bare or insulated, and the latter may be ar- 
mored with lead, or with steel wires or bands. 


639 . Strand.—One of the wires, or groups of wires, of any stranded 
conductor. 


640 Stranded Wire.—A group of small wires, used as a single wire. 


А wire has been defined as а slender rod or filament of drawn metal. 
If such a filament is subdivided into several smaller filaments or strands. 
and is used as a single wire. it is called a " stranded wire." There is no 
sharp dividing line of size between a ''stranded wire" and a ''cable." 
If used as а wire, for example in winding inductance coils or magnets, it is 
called a stranded wire and not а cable. If it is substantially insulated, it 
is called a '' cord," defined below. 


*Prom Circular No. 37 of the Bureau of Standards. 
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641  Cord.—4A small and very flexible cable, substantially insulated 


to withstand wear. 

There is no sharp dividing line in respect to size between a "cord "' 
and a “ cable.” and likewise no sharp dividing line in respect to the character 
of insulation between a “cord” and a '' stranded wire." Rubber is 
used as the insulating material for many classes of cords. 

642 Concentric Strand.—A strand composed of a central core 
surrounded by one or more layers of helically-laid wires or groups of 


wires. 


643 Concentric-Lay Cable.—4A single-conductor cable composed of а 
central core surrounded by one or more layers of helically-laid wires. 


644  Rope-Lay СаМе.-А  single-conductor cable composed of а 
central core surrounded by one or more layers of helically-laid 
groups of wires. 

This kind of cable differs from the preceding in that the main ‘strands 
are themselves stranded. 

645  N-Conductor Cable.—A combination of М conductors insu- 


lated from one another. 


It is not intended that the name as here given be actually used. One 
would instead speak of a ''3-conductor cable," a ''12-conductor cable" 
etc. In referring to the general case, one may speak of a 5 multiple-con- 
ductor cable’ (as in definition 638 above.) 


646 ^ N-Conductor Concentric Cable.—A cable composed of ап 
insulated central conducting core with (N — 1) tubular stranded con- 
ductors laid over it concentrically and separated by layers of in- 


sulation. 
This kind of cable usually has only two or three conductors. Such 


cables are used for carrying alternating currents. The remark on the 
expression "N-conductor'' given for the preceding definition applies here also. 


647 Duplex Cable.—Two insulated single-conductor cables, twisted 


together. 
They may or may not have a common insulating covering. 


648 Twin Cable.—T wo insulated single-conductor cables laid paral- 
lel, having a common covering. 


649 Triplex — Cable.— Three 
twisted together. 
They may or may not have a common insulating covering. 
650 Twisted Pair.—Two small insulated conductors, twisted to. 
gether, without a common covering. 
The two conductors of a ''twisted pair” are usually substantially in- 
. sulated, so that the combination is a special case of a '' cord.” 
661 Twin Wire.—Two small insulated conductors laid parallel 
having a common covering. 


"SPECIFICATION OF SIZES OF CONDUCTORS 


652 Тһе sizes of solid wires shall be stated by their diameter in mils, the 
American Wire Gage (Brown and Sharpe) sizes being taken as stand- 
ard. The sizes of stranded conductors shall be stated by their cross- 
sectional area in circular mils. For brevity, in cases where the most 


insulated  single-conductor | cables 


е, 


T T 


1996 STANDARDIZATION RULES OF THE А. I. E. Е. 


653 


654 


careful specification is not required, the sizes of solid wires may be 
stated by the gage number in the American Wire Gage, and the sizes of 
stranded conductors smaller than 250,000 circular mils ($.е., No. 0000 
A.W.G. or smaller) may likewise be stated by means of the gage 
number in the American Wire Gage of a solid wire having the 
same cross-sectional area. Futhermore, an exception is made in the 
case of '' Flexible Stranded Conductors," for which see $665 below. 
In stating large cross-sections, it is sometimes convenient to use 
a circular inch (507 sq. mm.) instead of 1,000,000 circular mils. 


STRANDING 


Cables not requiring special flexibility shall be stranded in ac- 
cordance with the following table. 


TABLE XII 
Standard Stranding of Concentric-Lay Cables 


Number of Wires. 


SIZE A B C 
Bare Cables for |Weatherproof Cables Insulated 

(See Note 1.) AERIAL USE* for AERIAL USE* Cables 
2.0 Cir. Inches 91 91 127 
1.5 61 61 91 
1.0 61 61 61 
0.6 37 37 61 
0.5 37 37 37 
0.4 19 19 37 
0000 A. W.G 7 19 19 
00 7 7 19 
2 (See Note 2) (See Note 2) 7 
9 (See Note 2) (See Note 2) (See Note 2) 


(1) For intermediate sizes, use stranding for next larger size. 
(2) Solid Wire is recommended. 


*Tentatively adopted pending ratification by other societies interested. 


Sectional Area of Cables. The cross-sectional area of a 
cable shall be considered to be the sum of the cross-sectional areas of 
its component wires, when laid out straight and measured perpendicu- 
lar to their axes. 


Flexible Stranding. Conductors of special flexibility should 
ordinarily be made with wires of regular A.W.G. sizes, the number of 
wires and size being given. The approximate gage number or ap- 
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proximate circular mils of such flexible stranded conductors may be 
stated. The following stranding table is suggested. 


° TABLE XIII 
Proposed Standard Stranding of Flexible Cables* 
Nearest Size of Each Make-up 
А. W. С. Size Circular Number of Wire (See Note 2) 
(See Note 1) Mils Wires А. М. С. 
- 1,102,941 427 16 61х7 
- 874,496 427 17 6 
- 693,448 427 18 i 
- 549,976 | 427 19 a 
- 436.394 427 20 " 
- 345,913 427 21 a 
- 274,390 427 22 " 
- 264,698 259 20 37x7 
0000 209,816 259 21 т 
000 166,433 259 22 а 
00 135,926 133 20 19х7 
0 107,743 TA 133 21 ы. 
1 85,466 133 22 4 
2 67,764 133 23 s 
3 53,732 133 24 е 
4 39,695 49 21 7х7 
5 31,487 49 22 ы 
6 24,966 49 23 е 
7 19,796 49 24 4 
8 15,700 49 25 Optional (See 
Note 3) 
9- 12,451 40 26 е 
10 9,854 49 27 x 
11 7,830 49 28 a 
12 * 6,208 49 29 ы 
Smaller To equal re- 30 Bunched 


quired size 


Note 1. The A. W. С. sizes are approximated within 5 per cent. 
Note 2. 61x7 signifies a rope-lay cable composed of 61 strands of 7 wires each. 
Note 3. Rope-lay or bunched. 


* This table is offered for consideration but will not be recommended for final 


adoption until ratified by other societies interested. Тһе addition of another Table 
Biving a further degree of flexibility is under consideration. Тһе stranding of No. 4 
А. W. С. and smaller sizes, is particularly open for discussion. 


Correction for Lay. The resistance and mass of a stranded 
Conductor are greater than in a solid conductor of the same cross- 
Sectional area, depending on the lay (1.¢., the pitch of the twist of the 
Wires). Two per cent shall be taken as the standard increment of 
resistance and of mass. In cases where the lay is definitely known, 
the increment should be calculated and not assumed. 

The direction of lay is the lateral direction in which the strands 
of a cable run over the top of the cable as they recede from an ob- 
server looking along the axis of the cable. 
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676 
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CONDUCTIVITY OF COPPER. 


The following I. E. C. rules are adopted:* 

The following shall be taken as normal values for standard an- 
nealed copper: ^ 

(1) At а temperature of 20?C., the resistance of а wire of 
standard annealed copper one meter in length and of a uniform 
section of 1 square millimeter is 1/58 ohm = 0.017241. . .. ohm. 

(2) At a temperature of 20?C., the density of standard annealed 
copper is 8.89 grams per cubic centimeter. 

(3) At а temperature of 20°C, the ''constant mass” tem- 
perature coefficient of resistance of standard annealed copper. 
measured between two potential points rigidly fixed to the wire, is 
0.00393 = 1/254.45....рег degree centigrade. 

(4) As a consequence, it follows from (1) and (2) that, at a tem- 
perature of 20 ?C. the resistance of a wire of standard annealed 
copper of uniform section, one meter in length and weighing one 
gram,is (1/58) X 8.89 = 0.15328...... ohm.f§ 

Copper Wire Tables. The copper-wire Tables published by the 
Bureau of Standards in Circular No. 31 are adopted. These Tables 
are based upon the I. E. C. rules stated in $675. 


HEATING AND TEMPERATURE OF CABLES. 


Maximum Safe Limiting Temperatures. 

The maximum safe limiting temperature in degrees C at the 
surface of the conductor in a cable shall be:-— 

For impregnated paper insulation (85—E) 


" varnished cambric (75—E) 

" rubber insulation (60—0.25E) 
where E represents the r.m.s. operating e.m.f. in kilovolts be- 
tween conductors. ` 


Thus, at a working pressure of 3.3 kv., the maximum safe limit- 
ing temperature at the surface of the conductor, or conductors, tn 
a cable would be:— 


For impregnated paper 81.7?C. 
‘ varnished cambric 71.7?C. 
“ rubber insulation 59.2?C. 


ELECTRICAL TESTS. 


Lengths Tested. Electrical tests of insulation on wires and 
cables shall be made on the entirelengths to be shipped. 


*See I. E. C. Publication No. 28 “ International Standard of Resistance for СОР” 
рег" March 1914. 

tParagraphs (1) and (4) of $675 define what are sometimes called ‘ volume Ге: 
sistivity," and “ mass resistivity '" respectively. This may be expressed in other 
units as follows:— volume resistivity = 1.7241 microhm-cm. (or microhms in в 
cm. cube) at 20 °С. = 0.67879 microhm-inch at 20 °C., and mass resistivity ™ 
875.20 ohms (mile, pound) at 20 °С. E 
$ Рог detailed specifications of commercial copper, see the '" Standard Specifications 
of the American Society for Testing Materials. 
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679 Immersion in Water. Electrical tests of insulated conductors not 
enclosed in a lead sheath, shall be made while immersed in water after 
an immersion of twelve (12) hours,if insulated with rubber compound, 
or if insulated with varnished cambric. It is not necessary to im- 
merse in water insulated conductors enclosed in a lead sheath. 

In multiple-conductor cables, without waterproof overall jacket 
of insulation, no immersion test should be made on finished cables, 
but only on the individual conductors before assembling. 


680 Dielectric-Strength Tests. Object of Tests. Dielectric tests 
are intended to detect weak spots in the insulation and to deter- 
mine whether the dielectric strength of the insulation is sufficient for 
enabling it to withstand the voltage to which it is likely to be sub- 
jected in service, with a suitable factor of assurance. 

The initially-applied voltage must not be greater than the work- 
ing voltage, and the rate of increase shall not be over 100 per cent 
in 10 seconds. 


681 Factor of Assurance. The factor of assurance of wire or cable 
insulation shall be the ratio of the voltage at which it is tested to that 
at which it is used. 


682 Test Voltage. The dielectric strength of wire and cable insula- 
tion shall be tested at the factory, by applying an alternating test 
voltage between the conductor and sheath or water. 


683 The Magnitude and Duration of the Test Voltage should depend 
upon the dielectric strength and thickness of the insulation, the 
length and diameter of the wire or cable, and the assurance factor 
required, the latter in turn depending upon the importance of the 
service in which the wire or cable is employed 


684 Тһе following test voltages shall apply unless a departure 1$ con- 
Sidered necessary, in view of the above circumstances. Rubber 
Covered wires or cable for voltages up to 7 kv. shall be tested in 
accordance with the National Electric Code. Standardization for 
higher vol tages for rubber insulated cables is not considered possible 
at the present time. 

Varnished cambric and impregnated paper insulated wires or cables 
Shall be tested at the place of manufacture for five (5) minutes in 
accordance with the Table XIV below. 


TABLE XIV 


Recommended Test Kilovolts Corresponding to Operating Kilovolts 
UNUM DIEM CNRC QUUD IS CU M MUNI MM QNM UPC AD нол 


Operating kv. Test kv. Operating kv. Test kv. 
Below 0 5 2.5* 5 14 
0.5 3 10 25 
1 4 15 35 
2 6.5 20 44 
3 9 25 53 
4 11.5 


ма ee Е. 


*The minimum thickness of insulation shallbe 1/16" (1-6 mm.) 


" 
. 4 .’..° 
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Different engineers specify different thickness of insulation for 
the same working voltages. Therefore, at the present time the test 
kv. corresponding to working kv. given in Table XIV аге based 
on the minimum thickness of insulation specified by engineers 
and operating companies.f 


The Frequency of the Test Voltage shall not exceed 100 cycles per 
second, and should approximate as closely as possible to a sine wave. 
The source of energy should be of ample capacity. 


Where Ultimate Break-Down Tests are required, these shall be 
made on samples not more than 6 meters (20 ft.) long. The maximum 
allowable temperature at which the test is made for the particular 
type of insulation and the particular working pressure, shall not be 
greater than the temperature limits given in 8 677. 


Multiple-Conductor Cables. Each conductor of a multiple-con- 
ductor cable shall be tested against the other conductors con- 
nected together with the sheath or water. 


INSULATION RESISTANCE 


Definition. The insulation resistance of an insulated conductor 
is the electrical resistance offered by its insulation, to an impressed 
voltage tending to produce a leakage of current through the same. 


Insulation Resistance shall be expressed in megohms for a speci- 
fied length (as for a kilometer, or a mile, or one thousand feet), and 
shall be corrected to a temperature of 15.5° C. using a tempera- 
ture coefficient determined experimentally for the insulation under 
consideration. 


Linear Insulation Resistance, or the insulation resistance of Unit 
Length, shall be expressed in terms of the megohm-kilometer, or 
the megohm-mile, or the megohm-thousand-feet. 


Megohms Constant. The Megohms Constant of an insulated 
conductor shall be the factor '' К "іп the equation 


D 
R = К logio Bm 


where К = The insulation resistance, in megohms, for a specified 
unit length. 

D = Outside diameter of insulation. 

d = Diameter of conductor. 
Unless otherwise stated, K will be assumed to correspond to the mile 
unit of length. 


Test. The apparent insulation resistance should be measured 
after the dielectric-strength test, measuring the leakage current 
after a one-minute electrification, with a continuous e.m.f. of from 
100 to 500 volts, the conductor being maintained positive to the 
sheath or water. 


tThe Standards Committee does not commit itself to the principle of basing 
test voltages on working voltages, but it is not yet in possession of sufficient data 
to base them upon the dimensions and physical properties of the insulation. 
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693  Multiple-Conductor Cables. The insulation resistance of each 
conductor of a multiple-conductor cable shall be the insulation re- 
sistance measured from such conductor to all the other conductors in 
multiple with the sheath or water. 


CAPACITANCE OR ELECTROSTATIC CAPACITY 


694 Capacitance is ordinarily expressed in microfarads. Linear Ca- 
pacitance, or Capacitance per unit length, shall be expressed in 
Microfarads per unit length (kilometer, or mile, or one thousand feet) 
and shall be corrected to a temperature of 15.5? C. 


695 — Microfarads Constant. Тһе Microfarads Constant of an insu- 
lated conductor shall be the factor ‘‘ K "іп the equation 


K 
С = 


Logo 


d 
where C — the capacitance in microfarads per unit length. 


D = the outside diameter of insulation. 
d — the diameter of conductor. 


Unless otherwise stated, K will be assumed to refer to the mile 
unit of length. 


696 Measurement of Capacitance. The Capacitance of low-voltage 
cable, shall be measured by comparison with a standard 
condenser. For long lengths of high-voltage cables, where it is 
necessary to know the true capacitance, the measurement should be 
made at a frequency approximating the frequency of operation. 


997 Paired Cables. Тһе capacitance shall be measured between the . 
two conductors of any pair, the other wires being connected to the 
Sheath or ground. 


998 Electric Light and Power Cables. The capacitance of low- 
voltage cables is generally of butlittleimportance. The capacitance 
of high-voltage cables should be measured between the conduc- 
tors, and also between each conductor and the other conductors 
Connected to the lead sheath or ground. 


Multiple-Conductor Cables (not paired). The capacitance of 
each conductor of a multiple-conductor cable shall be the capacitance 
measured from such conductor to all of the other conductors in mul 
tiple with the sheath or the ground. 
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STANDARDS FOR SWITCHES AND OTHER CIRCUIT- 


720 


721 


722 


723 


724 


725 


726 


CONTROL APPARATUS* 


SWITCHES 


The following Rules apply to Switches of above 600 volts. (For 
600 volts and below, see National Electric Code.f) 

Definition. A switch is a device for making. breaking. or 
changing connections in an electric circuit. 

Rating. 

(a) By amperes to be carried with not more than 30 °C. rise 

on contacts and current-carrying parts. | 

(b) By normal voltage of circuit on which it may be used. 


Performance and Tests. 
(a) Heating Test with rated current applied continuously until 
temperature is constant; ambient temperature 40 ?C. 
(b) Dielectric Test at 2} times rated voltage plus 2000. See 
$509. 


CIRCUIT BREAKERS 


Definition. А device designed to open a current-carrying circuit 
without injury to itself. A circuit breaker{ may be: 

(a) An automatic circuit-breaker, which is designed to trip 
automatically under any predetermined condition. of the circuit, 
such as an underload or overload of current or voltage. 

(b) A manually tripped circuit-breaker, which is designed to be 
tripped by hand. 

Both tvpes of opcration may be combined in one and the same 
device. 

Rating. 

(a) By normal current-carrying capacity. 

(b) By normal voltage. 

(c) By amperes which it can interrupt at normal voltage of the 
circuit. 


Performance and Tests. The heating test shall be made with 
normal current. In oil circuit breakers the same oil must be used 
for heating tests asfor rupturing tests. The rise of temperature at 
the contacts shall not exceed 30 °С. The Rise on tripping solenoids 
and accessory parts not to exceed 50 °С. Ambient temperature of 
reference, 40 °С. 

*These rules do not apply to magnetically-operated or air-operated switches 
used for motor control. 

tBy the term “' Code" is meant '' National Electrical Code ” as recommended by 
the National Fire Protection Association. 


tThese rules refer only to circuit breakers of above 550 volts. For 550 volts and 
below, see the National Electric Code, 
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Dielectric Test. Same as $723. 


Rupturing Test must be made with the current specified under 
%725 (c), and at normal voltage. 

NoTE. Although circuit breakers should be considered as de- 
vices alone, no account being taken, in the rating, of the system on 
which they are to be used: yet in applying circuit breakers to any 
given service, it may be necessary to take into account the system 
on which they are to be used, with all its characteristics. 

Allowances must be made for the reactance, resistance, etc., of 
the circuit to be controlled, as these have a direct ene on the 
maximum current flow. 

In some systems it has been found that the pressure rises so high 
during switching, that higher insulation tests than that specified 
in $723 should be given. 


FUSES 


(For circuits up to and including 600 volts, see National Electric 
Code) 


Definition. A fuse is an element designed to melt or dissipate at 
а predetermined current value, and intended to protect against ab- 
normal conditions of current. 

NorE. (The terminals, tubes, etc. which go with the fuse proper 
are included in the definition). 


Rating. Fusesshall be rated at the maximum current which 
they are required to carry continuously, and at the normal 
voltage of the circuit on which they are designed to be used. 

Fuses may be divided into two classes: 

(1) Those designed to protect the circuit and apparatus both against 
Short circuit and against definite amounts of overload (e.g. fuses of the 
National Electric Code which open on 25 per cent overload). 

(2) Those designed to protect the system only against short 
Circuits; (e.g. expulsion fuses, which blow at several times the cur- 
rent which they are designed to carry continuously). The line 
Separating these two classes is not definitely fixed. 


Temperature. Coils or windings (such as accompany fuses 
of the magnetic blow-out type) should not exceed the limits set for 
Machine coils having the same character of insulation. (See 64876 
to 879). Тһе highest temperature for the fuse proper should 
not exceed the safe limit for the material employed (e.g. the temper- 
ature of the fibre tube of an enclosed fuse should not exceed the 
safe limit for this material, but an open-link metal fuse may be run 
at any temperature which will not injure the fuse material; except 
that no application of the above rule shall contravene the Nation- 
al Electric Code). 


Test. For fuses intended for use on circuits of small capacity, 


Or in protected positions on systems of large capacity see Nation- 


Norz. Complete standardization of these fuses above 600 volts, according to › the 
method of the National Electric Code, is not advisable at this time, but is expected 
to be accomplished by an eventual extension of the National Electric Code. Until 

such extension is made, the following definitions and ratings may be followed. 
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al Electric Code. For large power fuses intended for service similar 
to that required of circuit breakers, see §724 to 728, or the Nation- 
al Electric Code, as far as the latter applies. 


LIGHTNING ARRESTERS 


Definition. A lightning arrester is a device for protecting circuits 
and apparatus against lightning or other abnormal potential rises of 
short duration. 


Rating. Arresters shall be rated by the voltage of the circuit on 
which they are to be used | 
Lightning arresters may be divided into two classes: 


(a) Those intended to discharge for a very short time. 
(b) Those intended to discharge for a period of several minutes. 


Performance and Tests. Dielectric Test same аз $723. 

The resistance of the arrester at double potential and also at 
normal potential, shall be determined by observing the discharge 
currents through the arrester. 

(c) In the case of any arrester using a gap, a test shall be made 
of the spark potential on either direct-current or 60-cycle a-c. ex- 
citation. 

(4) The equivalent sphere gap under disruptive discharge shall 
also be measured, using a considerable quantity of electricity. 

(e) The endurance of the arrester to continuous surges shall 
be tested. 


PROTECTIVE REACTORS 


Definition. А reactor (See $82 and 214) is a device for protecting 
circuits by limiting the current flow and localizing the disturbance 
under short-circuit conditions. 


Rating. 

(a) In kilovolt-amperes absorbed by normal current. 

(b) By the normal current, frequency and line (delta) voltage 
for which the reactor is designed. 

(c) By the current which the device is required to stand under 
short-circuit conditions. 


Performance and Tests. 

The Heat Test shall be made with normal current and 
frequency applied until the temperature is constant. The tem- 
perature should not exceed the safe limits for the materials em- 
ployed. See $8376 to 379. 


Dielectric Test. 21 times line voltage plus 2000, for one minute, 
from conductor to ground. 

Note. The reactor shall be so designed as to be capable of 
withstanding, without mechanical injury, rated current at normal 
frequency, suddenly applied. 


RESISTOR OR RHEOSTAT 


Definition. Any device heretofore commonly knownasa resistance, 
used for operation or control. (§81) See National Electric Code. 


741 


STANDARDIZATION RULES OF THE А. I. Е. E. 2005 


INSTRUMENT TRANSFORMERS 

Definition. An instrument transformer is a transformer for use 
with measuring instruments, in which the conditions in the primary 
Circuit as to current and voltage are represented with high nu- 
merical accuracy in the secon ілгу circuit. 

Under this heading and for more general use: 

(a) A current transformer is a transformer designed for series 
connection in its primary circuit with the ratio of transformation 
appearing as a ratio of currents. 

(Ъ) A potential (voltage) transformer is a transformer designed 
for shunt or parall--! connectio 1 in its primary circuit, with the ratio of 
transformation appearing as a ratio of potential differences (voltages). 

For further definitions relative to instrument transformers, see 

205-207. | 

For the dielectric test of potential.transformers, see $500, and 
for the dielectric test of current transformers, see $8609. 

Further standards concerning instrument transformers are still 


under discussion. 
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STANDARDS FOR ELECTRIC RAILWAYS 


DEFINITIONS 


Transmission System: When the current generated for an 
electric railway is changed in kind or voltage, between the gen- 
erator and the cars or locomotives, that portion of the conductor 
system carrying current of a kind or voltage substantially different 
from that received by the cars or locomotives, constitutes the trans- 
mission system.* 


Distribution System: . That portion of the conductor system 
of an electric railway which carries current of the kind and 
voltage received by the cars or locomotives, constitutes the distri- 
bution system.* | 


Substation: A substation is a group of apparatus or ma- 
chinery which receives current from a transmission system, changes 
its kind or voltage, and delivers it to a distribution system. 


RATING OF RAILWAY SUBSTATION MACHINERY 


Continuous Rating. The rating of a substation machine shall 
be the kv-a. output at a stated power factor input, which it will 
deliver continuously with temperatures or temperature rises not 
exceeding the limiting values given in Sections 376 and 379 and also 
fulfilling the other requirements set forth in these rules and sum- 
marized in Section 260. / 


Momentary Loads. These machines should be capable of carrying 
a load of twice their rating for one minute, after a continuous run at 
rated load, without disqualifying them for continuous service. 


Nominal Rating. Where the continuous rating is inconvenient, 
the following nominal rating may be used. The nominal rating of a 
substation machine shall be the kv-a. output at a stated power factor 
input, which, having produced a constant temperature in the machine 
may be increased 50 per cent. for two hours, without producing 
temperatures or temperature rises exceeding by more than 5°С. the 
limiting values given іп $376 and 379. These machines should be 
capable of carrying a load of twice their nominal rating for a period 
of one minute, without disqualifying them for continuous service. 
The name plate should be marked '' nominal rating.” 


CONDUCTOR AND RAIL SYSTEMS. 
Contact Conductors. That part of the distribution system other 


than the traffic rails, which is in immediate electrical contact with 


*These definitions are identical in sense, although not in words, with those 


of the Interstate Commerce Commission, as given in their Classification of Accounts 
for Rlectric Railways. 
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the circuits of the cars or locomotives. constitutes the contact 
conductors. 

Contact Rail: A rigid contact conductor. 

OVERHEAD CONTACT RAIL: A contact rail above the elevation 

о: the maximum equipment line.f 

Тнікр КАП: A contact conductor placed at either side of the 
track, the contact surface of which is a few inches above the level 
of the top of the track rails. 

CENTER CONTACT КАШ: А contact conductor placed between the 
track rails, having its contact surface above the ground level. 

UNDERGROUND CoNTACT КАШ: А contact conductor placed 
beneath the ground level. 

GAGE OF THIRD КАП: The distance, measured parallel to the 
plane of running rails, between the gage line of the nearer track rail 
and the inside gage line of the contact surface of the third rail. 

ELEVATION OF THIRD RAIL: The elevation of the contact-surface 
of the third rail, with respect to the plane of the tops of running 
rails. 

STANDARD GAGE OF THIRD RaiLs: Тһе gage of third rails shall 
be not less than 26 inches (66 ст.) and not more than 27 inches (68.6 
ст.). 

STANDARD ELEVATION OF THIRD КАп,8: Тһе elevation of third 
rails shall be not less than 24 inches (70 mm.), and not more than 
33 inches (89 mm.). 

THIRD RAIL PROTECTION: A guard for the purpose of preventing 
accidental contact with the third rail. 

Trolley Wire: А flexible contact conductor, customarily sup- 
ported above the cars. 

Messenger Wire or Cable: А wire or cable running along with 
and supporting other wires, cables or contact conductors. 

А primary messenger is directly attached to the supporting system. 
А secondary messenger 1$ intermediate between a primary messenger 
and the wires, cables or contact conductors. 

Classes of Construction: Overhead trolley construction will be 
classed as Direct Suspension and Messenger or Catenary Suspension. 

DIRECT SUSPENSION: АП forms of overhead trolley construction 
in which the trolley wires are attached, by insulating devices. directly 
to the main supporting system. 

MESSENGER OR CATENARY SUSPENSION: All forms of overhead 
trolley construction in which the trolley wires are attached, by suit- 
able devices, to one or more messenger cables, which in turn may be 
carried either in Simple Catenary, i.e., by primary messengers, or in 

Compound Catenary, 1.е., by secondary messengers. 

SUPPORTING SYSTEMS shall be classed as follows: 

SIMPLE CRoss-SPAN SYSTEMS: Those systems having at each sup- 
port a single flexible span across the track or tracks. 


fThe contour which embraces cross-sections of all rolling stock under ali normal 
operating conditions. 
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MESSENGER CRoss-SPAN SYSTEMS: Those systems having at eac 
support twoor more flexible spans across the track or tracks, the uppe 
span carrying part or all of the vertical load of the lower span. 


BRACKET SYSTEMS: Those systems having at each support ап 
arm or similar rigid member, supported at only one side of the track 
or tracks. 


BRIDGE SYSTEMS: Those systems having at each support a rigid 
member, supported at both sides of the track or tracks. 


STANDARD HEIGHT OF TROLLEY WIRE ON STREET AND INTERURBAN 
RAILWAYS: It is recommended that supporting structures shall be 
of such height that the lowest point of the trolley wire shall be at a 
height of 18 feet (5.5m.) above the top of rail under conditions of 
maximum sag, unless local conditions prevent. On trackage opera- 
ting electric and steam road equipment and at crossings over steam 
roads, it is recommendéd that the trolley wire shall be not less 
than 21 feet (6.4m.) above the top of rail, under conditions of max- 
imum Sag. 


RAILWAY MOTORS 


RATING 


Nominal Rating: The nominal rating of a railway motor 
shall be the mechanical output at the car or locomotive axle, measured 
in kilowatts, which causes a rise of temperature above the surrounding 
air, by thermometer, not exceeding 90 °C. at the commutator, 
and 75 °C. at any other normally accessible part after one hour's 
continuous run at its rated voltage (and frequency in the case of an 
alternating-current motor) on a stand with the motor covers ar- 
ranged to secure maximum ventilation without external blower. 
The rise in temperature as measured by resistance, shall not exceed 
100 °С.* 


The statement of the nominal rating shall also include the corres- 
ponding voltage and armature speed. 


Continuous Rating: The continuous ratings of a railway 
motor shall be the inputs in amperes at which it may be operated 
continuously at $, 4 and full voltage respectively, without ex- 
ceeding the specified temperature rises (see $805), when operated on 
stand te t with motor covers and cooling system, if any, arranged asin 
service. Inasmuch as the same motor may be operated under different 
conditions as regards ventilation, it will be necessary in each case to 


the substitution of a kilowatt rating for the horse-power rating and the omission of a 
reference to a room temperature of 25 °С. The horse-power rating of а railway 
motor may, for practical purposes, be taken as $ of the kilowatt rating. Оп account 
of the hitherto prevailing practise of expressing mechanical output in horse-power, 
it is recommended that, for the present, the capacity be expressed both in kilowatts 
and in horse-power, а double rating, namely, 


k w.————————-approx. equiv. h.p. 
In order to lay stress upon the preferred future basis, it is desirable that on rating 


plates, the rating in kilowatts shall be shown in larger and more prominent characters 
than the capacity in horse power. 


STANDARDIZATION RULES OF THE А. I. Е. Е. 2009 


define the system of ventilation which is used. In case motors are 
cooled by external blowers, the flow of air on which the rating is 
based shall be given. 

803 Maximum Input. The subject of momentary loads for railway 
motors is under investigation. 


TEMPERATURE LIMITATIONS 
804 The allowable temperature іп any part of a motor in service will be 
governed by the kind of material with which that part is insulated. 
In view of space limitations, and the cost of carrying dead weight 
On Cars, it is considered good practice to operate railway motors 
for short periods at higher temperatures than would be advisable 
in stationary motors. The following temperatures are permissible: 


TABLE XV 
Operating Temperatures of Railway Motors 


| Maximum Observable 


Class | Temperature of windings 
| when in continuous service. 


of 
Material 
| By By 
See $376 Thermometer| Resistance 
to 379. See $345 
A | 85 110 


B 100 130 


For inffequent occasions, due to extreme ambient temperatures, 
it is permissible to operate at 15? higher temperature. 

806 With a view to not exceeding the above temperature limitatio: s, 
the continuous ratings shall be based upon the temperature rises 
tabulated below: 

TABLE XVI 
Stand-Test Temperature Rises of Railway Motors* 


Temperature Rises 
of windings 


C:ass —— 
of 
Material By By 
Thermo- Resis- 
See $376 meter tance 
to 379 See $345 
A 65 85 
B 80 105 


*The temperature rise in service may be very different from that on stand test. 
кен дее for relation between stand test and service temperatures, as affected by 
ation 


tp. 
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818 


Field-Control Motors. The nominal апа continuous ratings of field: 
control motors shall relate to their performance with the operating 
field which gives the maximum motor rating. Each section of the 
field windings shall be adequate to perform the service required of it, 
without exceeding the specified temperature rises. 


CHARACTERISTIC CURVES 


The Characteristic Curves of railway motors shall be plotted with 
the current as abscissas and the tractive effort, speed and efficiency 
as ordinates. In the case of a-c. motors, the power factor shall 
also be plotted as ordinates. 


Characteristic curves of direct-current motors shall be based 
upon full voltage, which shall be taken as 600 volts, ora multiple 
thereof. 


In the case of field-control motors, characteristic curves shall be 
given for all operating field connections. 


EFFICIENCY AND LOSSES 


The efficiency of railway motors shall be deduced from a 
determination of the losses enumerated іп $816 to 820. (See also 
$ 1100 and 1101.) 


The copper loss shall be determined from resistance measurements 
corrected to 75? C. 


The no-load core loss, brush friction, armature-bearing friction 
and windage shall be determined as a total under the following 
conditions: 


In making the test, the motor shall be run without gears. 
The kind of brushes and the brush pressure shall be the 
same as in commercial service. With the field separately ex- 
cited, such a voltage shall be applied to the armature terminals as 
will give the same speed for any given field current as is obtained 
with that field current when operating at normal voltage under load. 
The sum of the losses above-mentioned, is equal to the product of 
the counter-electromotive force and the armature current. 


The core loss in d-c. motors shall be separated from the friction 
and windage losses above described by measuring the power required 
to drive the motor at any given speed without gears, by running it 
as a series motor on low voltage and deducting this loss from the 
sum of the no-load losses at corresponding speed. (See $1101 for 
alternative method). | 


The friction and windage losses under load shall be assumed to 
be the same as without load, at the same speed. 


The core loss under load shall be assumed as follows: 
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832 Nominal Tractive Effort: The nominal tractive effort, expressed in 
pounds, shall be that exerted at the rims of the drivers, when the 
motors are operating at their nominal (one-hour) rating. 


833 Continuous Tractive Effort. The continuous tractive effort, ex- 
pressed in pounds, shall be that exerted at the rims of the drivers 
when the motors are operating at their full-voltage continuous rat- 
ing, as indicated in $802. . 

Іп the case of locomotives operating on intermittent service, the 
continuous tractive effort тау be given for $ ог 3 voltage, but in 
such cases the voltage shall be clearly specified. 

834 Speed: Тһе rated speed, expressed in miles per hour, shall be 
that at which the continuous tractive effort is exerted. 

See also Appendix II on Additional Standards for Railway Motors. 
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intensity maintained by the Na- 
Great Britain, and the United States." 


o by many other countries, is frequently referred to as 


of the stimulus coefficient, Km, over any range 
or for the whole visible spectrum of any source, 
nation and S the area of the intercepting surface. 


Sections, 850 to 895, are the rules of the Nomen- 
coefficient Кх for radiation of a particular wave- 


OL t ' + э Ф > "I 
-E = gs Е 
» d "8 44” = 
Е © 5 S о" U 
b 
5 „а: 5 з. ер 3 
| Ag E 992822 ; A 
i м шы 2 Е "TL 4 E 2 
id м oc „Б E SF mea = © E 
x * = Ё Е. оа 9 hs "9 5 
Ы РЕЗ we 22958 3 X : 
k] EE d г a= 2 "4 Ке 
чь o В ow ж 9 5 Ө Ыза Ф De | 
e AS ® g ЕБ 5558 58 54 + lind 
z Ы 88-2 44 Sect ЗЕ т if р 
> m "xs E & © sl 9 E es 2 é à 
© ча ; Ж и = Ф E 
i АЕ irs sage ix cs gf ise ce iga 
5 Z 353% іл Ce “485 Е | «8 36 2 
Е Б ең be я 2 9.9 . = M T N -5 R) 123) қ Us 
> „БАЕК УЕ “шы LEE. g Зы 1 885) 
9 O ОЛЕ Да ag oem Жу: $ $8 22585: 
ER E а 5 @ ^s 3 aos > E ЛЫН А: ч Е |. 
< «93а = 5 55852 4% = ч | р 
= © n о Зо gory, Bav 5 8 > 5 " 28 ЕЕЕ 
5 vis uag ЖЫЛНЫ SE È EFE я Fe gla 
А Be > я 7 | | + Piast 
д 22411: АТ И %3 E 5553 + АД ЕН! 
5 КИНЕ НЕ ШИКЕ Т. ENSE 
ч - . & 41 494 54:5 4 g 8 Ф 78 ir i ^M 5152 
> 3 ад ара ат ЕТЕГІ ій% dadhi 
азы FELIE ЕСЕТ 843 pet? ЛЕН 
SI R NS seh i8 б. E СЗО 
. = "O Ө ui “ 8 ! ‚ E | P 4 ^ t 
27 сч а ‚= ef $ 
33. Fo eg 2 88 
И е че ЫЕ ШЕ ЕЕ i — —9 ны =. = 


2014 STANDARDIZATION RULES ОЕ THE A. I. E. E. 


857 


858 


859 


860 


861 


Lumen, the unit of luminous flux, equal to the flux emitted in а 
unit solid angle (steradian) by a point source of one candle-power.? 


Lux, а unit of illumination equal to one lumen per square meter. 
The C. G. S. unit of illumination is one lumen per square centimeter 
For this unit Blondel has proposed the name '' Phot." Опе milli- 
lumen per square centimeter (milliphot) 1$ a practical derivative of 
the C. С. S. system. One foot-candle is one lumen per square foot 
and is equal to 1.0764 milliphots. 


Exposure, the product of an illumination by the time. Blondel 
has proposed the name “ phot-second ”' for the unit of exposure іп” 
the C. G. S. system. 


Specific luminous radiation, the luminous flux-density emitted 
by a surface, ог the flux emitted per unit of emissive area. It is 
expressed in lumens per square centimeter. 

Defining equation: 

Let E' be the specific luminous radiation. 

Then, for surfaces obeving Lambert's cosine law of emission. 


Е’ = Tba. 


Brightness, b, of an element of a luminous surface from a given 
position, may be expressed in terms of the luminous intensity рег 
unit area of the surface projected on a plane perpendicular to the line 
of sight, and including only a surface of dimensions negligibly small 
in comparison with the distance to the observer. It is measured in 
candles per square centimeter of the projected area. 

Defining equation: 

Let б be the angle between the normal to the surface and the line 
of sight. 


Th b Ы 
еп = --- 
dS cosÜ 
862 Normal brightness, b, of an element of a surface (sometimes 
called specific luminous intensity) is the brightness taken in a direc- 
tion normal to the surface.’ 
Defining equation: 
b = dl 
9 dS , 
: I 
or, when uniform, b, = E 


Brightness may also be expressed in terms of the specific luminous 
radiation of an ideal surface of perfect diffusing qualities, 4. e., one 
obeying Lambert's cosine law. 


2 А uniform source of one candle emits 4х lumens. 
3 In practice, the brightness 6 of a luminous surface or element thereof is observed. 


and not the normal brightness bg. For surfaces for which the cosine law of emission 
holds, the quantities b and bo are equal. 
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863 The Lambert, the С. С. S. Unit of brightness, the brightness of a 
perfectly diffusing surface radiating or reflecting one lumen per square 
centimeter. This is equivalent to the brightness of a perfectly dif- 
fusing surface having a coefficient of reflection equal to unity and 
illuminated by one phot. 


864 For most purposes, the millilambert (0.001 lambert) is the preferable 
practical unit. А perfectly diffusing surface emitting one lumen 
per square foot will have a brightness of 1.076 millilamberts. 


865 Brightness expressed in candles per square centimeter may be 
reduced to Lamberts by multiplying by Л. 

Brightness expressed in candles per square inch may be reduced 
to foot-candle brightness, by multiplying by the factor 144 7 = 452. 

Brightness expressed in candles per square inch may be reduced 
to lamberts by multiplying by 7/6.45 = 0.4868. 

In practice, no surface obevs exactly Lambert's cosine law of 
emission; hence the brightness of a surface in lamberts is, in general 
not numerically equal to its specific luminous radiation in lumens 
per square centimeter. 

Defining equations: 


Or when uniform 


iut. 
5 


866 Coefficient of reflection, the ratio of the total luminous flux reflected 
by a surface to the total luminous flux incident upon it. It is a 
simple numeric. The reflection from a surface may be regular, 
diffuse or mixed. In perfect regular reflection, all of the flux is 
reflected from the surface at an angle of reflection equal to the angle 
of incidence. In perfect diffuse reflection, the flux is reflected from 
the surface in all directions, in accordance with Lambert's cosine law. 
In most practical cases, there is a superposition of regular and diffuse 
reflection. 

867 Coefficient of regular reflection is the ratio of the luminous flux 
reflected regularlv to the total incident flux. 

868 Coefficient of diffuse reflection is the ratio of the luminous flux 
reflected diffusely to the total incident flux. 

Defining equation: 
Let m be the coefficient of reflection (regular or diffuse). 
Then, for any given portion of the surface, 


Е 24 
Е 


869 Татр, a generic term for an artificial source of light. 
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870 Primary luminous standard, a recognized standard luminous 
source reproducible from specifications. 


871 Representative luminous standard, a standard of luminous in- 
tensity adopted as the authoritative custodian of the accepted value 
of the unit. 


872 Reference standard, а standard calibrated in terms of the unit from 
either a primary or representative standard and used for the cali- 
bration of working standards. 


873 Working standard, any standardized luminous source for daily 
use in photometry. 


874 Comparison lamp, a lamp of constant but not necessarily known 
candle-power, against which a working standard and test lamps are 
successively compared in a photometer. 


875 Test lamp, in а photometer,—a lamp to be tested. 


876 Performance curve, a curve representing the behavior of a lamp 
in any particular (candle-power, consumption, etc.) at different 
periods during its life. 


877 Characteristic curve, a curve expressing a relation between two 
variable properties of а luminous source, as candle-power and volts, 
candle-power and rate of fuel consumption, etc. 


878 Horizontal Distribution Curve. А polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane perpendi- 
cular to the axis of the unit, and with the unit at the origin. 


879 Vertical Distribution Curve. A polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane passing 
through the axis of the unit, and with the unit at the origin. Unless 
otherwise specified, a vertical distribution curve is assumed to be 
an average vertical distribution curve, such as may in many cases be 
obtained by rotating the unit about its axis and measuring the aver- 
age intensities at the different elevations. It is recommended that 
in vertical distribution curves, angles of elevation shall be counted 
positively from the nadir as zero, to the zenith as 180 degrees. In 
the case of incandescent lamps, it is assumed that the vertical dis- 
tribution curve is taken with the tip downward. 


880 Mean horizontal candle-power of а lamp,—the average candle- 
power in the horizontal plane passing through the luminous center of 
the lamp. 

It is here assumed that the lamp (or other light source) is mounted 
in the usual manner, or, as in the case of an incandescent lamp, with 
its axis of symmetry vertical. 


881 Mean spherical candle-power of a lamp,—the average candle- 
power of a lamp in all directions in space. It is equal to the total 
luminous flux of the lamp, in lumens, divided by 47. 


882 Mean hemispherical candle-power of a lamp (upper or lower),— 
the average candle-power of a lamp in the hemisphere considered. 
It is equal to the total luminous flux emitted by the lamp, in that 
hemisphere, divided by 27. 
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883 Mean zonal candle-power of а lamp,—-the average candle-power 
of a lamp over the given zone. It is equal to the total luminous 
flux emitted by the lamp in that zone, divided by the solid angle of 
the zone. 

884 Spherical reduction factor of a lamp,—the ratio of the mean spheri- 
cal to the mean horizontal candle-power of the lamp.‘ 

885 Photometric Tests in which the results are stated in candle-power 
should be made at such a distance from the source of light that the 
latter may be regarded as practically a point. Where tests are made 
in the measurement of lamps with reflectors, the results should always 
be given as ''apparent candle-power ' at the distance employed, 
which distance should alwavs be specifically stated. 

886 The output of all illuminants should be expressed in lumens. 

887  Illuminants should be rated upon a lumen basis instead of a candle- 
power basis. 

888 The specific output of electric lamps should be stated in lumens 
per watt; and the specific output of illuminants depending upon 
combustion should be stated in lumens per b.t.u. per hour. The 
use of the term '' efficiency ” in this connection should be discouraged, 

When auxiliary devices are necessarily employed in circuit with a 
lamp, the input should be taken to include both that in the lamp and 
that in the auxiliary devices. For example, the watts lost in the 
ballast resistance of an arc lamp are properly chargeable to the lamp. 

889 The Specific Consumption of an electric lamp is its watt consump- 
tion per lumen. “ Watts per candle " 15 a term used commercially 
in connection with electric incandescent lamps, and denotes, watts 
per mean horizontal candle-power. . 

890 Life Tests. Electric Incandescent Lamps of a given type may be 
assumed to operate under comparable conditions only when their 
lumens per watt consumed are the same. — Life-test results, in order 
to be compared, must be either conducted under, or reduced to, 
comparable conditions of operation. 


891 In Comparing Different Luminous Sources, not only should their 
candle-power be compared, but also their relative form, brightness, 
distribution of illumination and character of light. 


892 Lamp Accessories. A reflector is an appliance, the chief use of 
which is to redirect the luminous flux of a lamp in a desired direc- 
tion or directions. 


893  AShadeis an appliance, the chief use of which is to diminish or to 
interrupt the flux of a lamp in certain directions, where such flux 
is not desirable. The function of a shade is commonly combined 
with that of a reflector. 


894 A Globe is an enclosing appliance of clear or diffusing materials, 


the chief use of which is either to protect the lamp, or to diffuse its 
light. 


4 In Case of a uniform point-source, this factor would be unity, and for a straight 
cylindrical filament obeying the cosine law it would be ж/4. 
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895 TABLE XIX. 
Photometric Units and Abbreviations. 
Abbreviat.ons, 
Photometric Name of Symbols and defining 
quantity unit equations 
1. Luminous flux Lumen F. Y 
dF ат 
2. Luminous intensity Candle I= pu Г = Ta’ cp. 
PP dF I 
3. Illumination Phot., foot-candle, E = ds = —соѕ0.В 
Јах T 
4. Exposure Phot-second t E 
Apparent candles 
per sq. cm. dI 
5. Brightness banm 
Apparent candles dS cos @ 
per sq. in. 
dF 
Lambert LS 
amber 45 
41 
6. Normal brightness Candles per sq. cm. бө = -Is 
Candles per sq. in. 
7. Specific luminous Lumens per sq. cm. 
radiation Lumens per sq. in. Е’ = Tbb’ 

8. Coefficient of ге- ' Е’ 
fiecti — = —— 
ection | т Е 

9. Mean spherical candlepower scp 

10. Mean lower hemispherical candlepower lcp 

11. Mean upper hemispherical candlepower ucp 

12. Mean zonal candlepower zcp 

13. 1 lumen is emitted by 0.07958 spherical cp. 

14. 1 spherical candlepower emits 12.57 lumens. 

15. 1 lux = 1 lumen incident per square meter = 0,0001 phot 
= 0.1 milliphot. 

16. 1 phot = 1 lumen incident per sq. ст. = 10.000 lux = 1000 
milliphot. | 

17. 1 milliphot = 0.001 phot = 0.929 foot-candle. 

18. 1 foot-candle = 1 lumen incident per square foot = 1.076 milli- 
phot = 10.76 lux. 

19. 1lambert = 1 lumen emitted per square centimeter.* 

20. 1 millilambert = 0.001 lambert. 

21. 1 lumen. emitted. per square foot* = 1.076 millilambert. 

22. 1 millilambert = 0.929 lumen, emitted, per square foot*. 

23. 1 lambert = 0.3183 candle per sq. cm. = 2.054 candles per sq. in. 

24. 1 candle persq.cm. = 3.1416 lamberts. 

25. 1 candle per sq. in. = 0.4868 lamberts = 486.8 millilamberts. 


*Perfect diffusion assumed. 
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896 SYMBOLS. 


In view of the fact that the symbols heretofore proposed 
this committee conflict in some cases with symbols adopted for elec- 
tric units by the International Electrotechnical Commission, it is 
proposed that where the possibility of any confusion exists in the 
use of electrical and photometric symbols, an alternative system 
of symbols for photometric quantities should be employed. These 


should be derived exclusively from the Greek alphabet, for instance: 


Luminous intensity ............. pour Г 
Luminous flux "езе. оо е ө э ө ө ө * 9.9909 6 * ө ө ө 4“ 
Illumination........... о, 
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STANDARDS FOR TELEPHONY AND TELEGRAPHY 


910 


911 


912 


913 


914 


After careful consideration, it does not seem that the time is 
yet ripe for a formal standardization of terms and definitions used 
in telephony and telegraphy. Many of the terms commonly 
employed are used in more than a single way, and conversely, many 
pieces of apparatus and many constants which are essentially 
identical from a physical standpoint have been and are known by 
more than one designation. 

Damping of a Circuit. The damping, at a given point, in a circuit 
from which the source of energy has been withdrawn, is the pro- 
gressive diminution in the effective value of electromotive force 
and current at that point resulting from the withdrawal of elec- 
trical energy. 


Damping Constant. The damping constant of a circuit depends 
upon the ratio of the dissipative to the reactive component of its 
impedance or admittance. 

Applied to the admittance of a condenser or other simple circuit 
having capacity reactance, the damping constant for a harmonic 
electromotive force of given frequency is the ratio of the conduc- 
tance of the condenser or simple circuit at that frequency, to twice 
the capacity of the condenser at the same frequency. 

Applied to the reactance of a coil or other simple circuit having 
inductive reactance, the damping constant for a harmonic current 
of given frequency is the ratio of the resistance of the coil or cir- 
cuit at that frequency, to twice the inductance at the same frequency. 


Equivalent Circuit. An equivalent circuit is а simple network 
of series and shunt impedances, which, at a given frequency, is 
the approximate electrical equivalent of a complex network at the 
same frequency and under steady-state conditions. 

NOTE: Аз ordinarily considered, the simple hetworks as defined, 
are the electrical equivalents of complex networks only with respect 
to definite pairs of terminals, and only as to sending-end impedances, 
and total attenuation. А further requirement is that the only con- 
nections between the pairs of terminals are those through the net- 
work itself. 

“Т” Equivalent Circuit. A “Т” cquivalent'circuit is a triple- 
star or “ Y " connection of three impedances externally equivalent 
to a complex network. 


Symbol: 


915 
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“U” Equivalent Circuit. A '" U " equivalent circuit is a delta 
connection of three impedances externally equivalent to a com- 
plex network. It is also called a “П” equivalent circuit. | 


Symbol: 


916 


917 


918 


919 


920 


ез 


IMPEDANCE 


Mutual Impedance. The mutual impedance, for alternating cur- 
tents, between a pair of terminals and a second pair of terminals 
of a network, under any given condition, is the negative vector 
ratio of the electromotive force produced between either pair of 
terminals on open circuit, to the current flowing between the other 
pair of terminals. 


Self Impedance. The self impedance between a pair of terminals 
of a network, under any given condition, is the vector ratio of the 
electromotive force applied across the terminals to the current 
produced between them. ; 


LINE CHARACTERISTICS 


Characteristic Impedance. The characteristic impedance of a line is 
the ratio of the applied electromotive force to the resulting 
Steady-state current upon a line of infinite length and uniform 
Structure, or of periodic recurrent structure. 

Note: In telephone practice, the terms (1) line impedance, 
(2) surge impedance, (3) iterative impedance, (4) sending-end 
impedance, (5) initial sending-end impedance, (6) final sending-end 
impedance, (7) natural impedance and (8) free impedance, have 
apparently been more or less indefinitely and indiscriminately used 
as synonyms with what is here defined as '' characteristic impedance." 


Sending-End Impedance. The sending-end impedance of a line is 
the vector ratio of the applied electromotive force to the re- 
Sulting steady-state current at the point where the electromotive 
force is applied. 

NOTE: See note under ''Characteristic Impedance. " In case 
the line is of infinite length of uniform structure or of periodic re- 
Current structure, the sending-end impedance and the character- 
istic impedance are the same. 


Propagation Constant. The propagation constant per unit length 
of a uniform line, or per section of a line of periodic recurrent 
Structure, is the natural logarithm of the vector ratio of the 
Steady-state currents at various points separated by unit length in 
а uniform line of infinite length, or at successive corresponding 
points in a line of recurrent structure of infinite length. The ratio 
1$ determined by dividing the value of the current at the point 


nearer the transmitting end by the value of the current at the point 
thore remote. 


E + * e + 
қ” луды >. . x ^ -- 
$ @e - . 1 . 
з > is e. E 
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921 


930 


931 


933 


934 


937 


938 


939 


950 


951 
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Attenuation Constant. The attenuation constant is the real part 
of the propagation constant. 


Wave-Length Constant. The wave-length constant is the imaginary 
part of the propagation constant. 


LINE CIRCUITS 


Ground-Return Circuit. А ground-return circuit is a circuit con- 
sisting of one or more metallic conductors in parallel, with the 
circuit completed through the earth. 


Metallic Circuit. А metallic circuit is a circuit of which the earth 
forms no part. 


Two-Wire Circuit. А two-wire circuit is a metallic circuit formed 
by two paralleling conductors insulated from 'each other. 


Superposed Circuit. А superposed circuit is an additional circuit 
obtained from a circuit normally required for another service, and 
in such a manner that the two services can be given simultaneously 
without mutual interference. 


Phantom Circuit. A phantom circuit is а superposed circuit, 
each side of which consists of the two conductors of a two-wire 
circuit in parallel. 


Side Circuit. A side circuit is a two-wire circuit forming one side 
of a phantom circuit. 


Non-Phantomed Circuit. А non-phantomed circuit is а two-wire 
circuit, which is not arranged for use as the side of a phantom circuit. 


Simplexed Circuit. А simplexed circuit is a. two-wire telephone 
circuit, arranged for the super-position of а single ground-return sig 
nalling circuit-operating over the wires in parallel. 


NOTE: In view of the use of the term “ Simplex Operation "’ 
in telegraph practice, it is felt that the designation '' Simplexed 
Circuit " as applied to the arrangement described is not a happy опе. 


Composited Circuit. A composited circuit is a two-wire telephone 
circuit, arranged for the superposition on each of its component 
metallic conductors, of a single independent ground-return signalling 
circuit. 

Quadded or Phantomed Cable. A quadded or phantomed cable 
is a cable adapted for the use of phantom circuits. 

Note: The type of cable here defined has frequently becn 
designated as “ Duplex Cable '—а term which is objectionable 
both on account of its lack of description and its widely different 
use in telegraph practice. 


LOADING 
Loaded Line. A loaded line is one in which the normal induc 
tance of the circuit has been altered for the purpose of increasing 
its transmission efficiency for one or more frequencies. | 
Series Loaded Line. А series loaded line is one in which the 
normal inductance has been altered by inductance serially applied. 


952 


954 


956 


957 


958 


959 


962 


963 
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Shunt Loaded Line. A shunt loaded line is one in which the nor- 
mal inductance of the circuit has been altered by inductance applied 


in shunt across the circuit. ` 
Continuous Loading. A continuous loading is a series loading in 
which the added inductance is uniformly distributed along the 


conductors. 

Coil Loading. A coil loading is one in which the normal induc- 
tance is altered by the insertion of lumped inductance in the 
Circuit at intervals. This lumped inductance may be applied 
either in series or in shunt. 

Note: As commonly understood, coil loading is a series load- 
ing, in which the lumped inductance is applied at uniformly spaced 


recurring intervals 
Microphone. A contact device designed to have its electrical re- 
Sistance directly and materially altered by slight differences in 


mechanical pressure. 
Relay. A relay is a device by means of which contacts in one 
Circuit are operated under the control of electrical energy in the 


Same or other circuits. 

Resonance. Resonance of a harmonic alternating current of given 
frequency, in a simple series circuit, containing resistance, induc- 
tance and capacity, is the condition in which the positive re- 
асбапсе of the inductance is numerically equal to the negative 
Teactance of the capacity. Under these conditions, the current 
flow in the circuit with a given electromotive force is a maximum. 

Retardation Coil. A retardation coil is a reactor (reactance coil) 
used іп a circuit for the purpose of selectively reacting on cur- 
rents which vary at different rates. 

NOTE: In telephone and telegraph usage, the terms “impedance 
сой,” “inductance сой,” choke coil” and ''reactance coil” are 
Sometimes used in place of the term “ retardation coil. ” 

Skin Effect. Skin effect is the phenomenon of the non-uniform 
distribution of current throughout the cross-section of a linear 
Conductor, occasioned by variations in the intensity of the mag- 
netic field due to the current in the conductor. 

Telephone Receiver. A telephone receiver is an electrically opera- 
ted device, designed to produce sound waves or vibrations which 
correspond in form to the electromagnetic waves or vibrations 
actuating it. 

Telephone Transmitter. A telephone transmitter is a sound-wave 
Or vibration-operated device designed to produce electromagnetic 
Waves or vibrations which correspond in form to the sound waves 
Or vibrations actuating it. 

The Coefficient of Coupling of a Transformer. The 
of coupling of a transformer at a given frequency, is the vector 
ratio of the mutual impedance between the primary and second- 
ary of the transformer, to the square root of the product of the 
self-impedances of the primary and of the secondary. 


coefficient 


Same as transformer, and ordinarily a transformer of unity ratio. 


Repeating Coil. A term used in telephone practice meaning {Һе 
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APPENDIX І. 


STANDARDS FOR RADIO COMMUNICATION 


The following Sections 1000 to 1033 have been prepared by the 
Standardization Committee of the Institute of Radio Engineers, 
and are here included by permission as an Appendix, until further 
revised. А 

1000 Acoustic Resonance Device. One which utilizes, in its operation, 
resonance to the audio frequency of the received impulses. 


1001 Antenna. A system of conductors designed for radiating or 
absorbing the energy of electromagnetic waves. 


1002 Atmospheric Absorption. That portion of the total loss of radi- 
ated energy due to atmospheric conductivity. 


1008 Audio Frequencies. The normally audible frequencies lying 
below 20,000 cycles per second (see also radio frequencies). 


1004 Capacitive Coupler. An apparatus which, by electric fields, joins 
portions of two radio frequency circuits and is used to transfer elec- 
trical energy between these circuits through the action of electric 
forces. 

1005 Coefficient of Coupling (Inductive). The ratio of the effective 
mutual inductance of two circuits to the square root of the product 
of the effective self-inductances of each of these circuits. 


1006 Direct Coupler. An apparatus which magnetically joins two cir- 
cuits having a common conductive portion and which is used to 
transfer electrical energy between these circuits. 


1007 Counterpoise. А system of electrical conductors insulated from 
ground forming one plate of a condenser, the other plate of which 
is the antenna. In land stations a counterpoise forms a capacitive 
connection to ground. 


1008 A Damped Alternating Current is a current which alternates 
regularly in direction and whose amplitude progressively diminishes. 


1009 The Damping Factor of an exponentially damped alternating cur- 
rent is the product of the logarithmic decrement and the frequency. 
Let І = initial amplitude 
J; = amplitude at the time / 
€ base of Napierian logarithms 
a damping factor 
Then: I; = ЦЕ“ 

1010 Detector. That portion of the receiving apparatus which, соп- 
nected to a circuit carrving currents of radio frequency, and in 
conjunction with a self-contained or separate indicator, translates 
the radio frequency energy into a form suitable for operation of 
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the indicator. This translation may be effected either by the con- 
version of the radio frequency energy, or by means of the control 
of local energv by the energy received. 


1011 Electromagnetic Wave. А progressive disturbance characterized 
by the existence on the wave front of electric and magnetic forces 


acting in directions which are perpendicular to each other and to 


the direction of propagation of the wave. В 


1012 Forced Alternating Current. А current produced іп any circuit 
by the application of an alternating electromotive force. 

1013 Free Alternating Current. А current produced by means of ап 
electromagnetic disturbance 4n a circuit, having capacity, induct- 
ance, and less than the critical resistance. 

1014 Critical Resistance of a Circuit determines the limit between the 
oscillatory and aperiodic discharge of that circuit. (The discharge 
is aperiodic if the circuit resistance 1s greater than the critical value 
and is alternating when the resistance is less than the critical value). 
In a circuit without dielectric or magnetic hysteresis, the critical 


L 
resistance equals 2 М. where L and C are the effective in- 


ductance and capacity of the circuit. А 
1015 Group Frequency. The number рег second of periodic changes 
. in amplitude or frequency of an alternating current. 

Note 1. Where there is more than опе periodic recurrent 
change of amplitude or frequency, there is more than one group 
frequency present. 

Моте 2. The term '' group frequency” replaces the term '' spark 
frequency.” 

Inductive Coupler. An apparatus which, by magnetic forces, 
jOins portions of two radio frequency circuits and is used to transfer 
electrical energy between these circuits. through the action of mag- 
netic forces. 


1017 Linear Decrement of a Linearly Damped Alternating Current is 
the difference of successive current amplitudes in the same direction, 


divided by the larger of these amplitudes. 
Let: 1, and I,,1 be successive current amplitudes іп the same 


direction, of a linearly-damped alternating current. 


в — I 
Then: The linear decrement, b = xus md 
n 


Also: І, (1—bft) 
Where: Ду = initial current amplitude 
[3 = current amplitude at time ! 
| f = frequency of alternating current 


1018 Logarithmic Decrement of an exponentially damped alternating 
current is the logarithm of the ratio of successive current ampli- 


tudes in the same direction. 
Note: Logarithmic decrements are standard for a complete 


period or cycle. 
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Let: J, and 1,,) be successive current amplitudes in the 
same direction. 


4 = logarithmic decrement 


In 


Then: d —log, 
n+l 
1019 Radio Frequencies. Those above 20,000 cycles per second (see 
. also Audio Frequencies). 
NOTE: It is not implied that radiation cannot be secured at 
lower frequencies and the distinction from audio frequencies is 
merely one of definition based on convenience. 


1020 Resonance to an Exciting Alternating Current of a given fre- 
quency in an oscillating circuit is that condition in which the re- 
sulting effective current (or voltage) in that circuit is a maximum. 

T ui If neither the free nor the forced alternating currents of the 

к driven circuit are highly damped, then resonance is obtained when 
the frequency of the tree alternating current is approximately equal 
to the frequency of the forced alternating current. 


г 1 
MR That is, а) = == = (1 
» VLC 
T x Where: w, = 27 Xthe frequency of the free alternating current 


in the circuit. 


; L = the effective inductance of the circuit. 
е С = the effective capacity of the circuit. 
Dx Мі = angular velocity of the forced alternating current. 
| - 1. 
This is equivalent to the condition WL = — t.e., the inductive 


С 


7% reactance at that frequency. is numerically equal to the capacitive 
1\. 
reactance, ог that the total reactance ( wL- 2.) 15 equal to 0. 


1021 А Resonance Curve gives the power, current, or voltage at 
various frequencies of excitation, as a function of those frequencies. 
- | or of the corresponding wave lengths. 


1022 А Wave-Length Resonance Curve is one wherein the abscissas are 
ratios of specified wave lengths to the resonant wave length, and the 
ordinates are ratios of the energy (or square of the current) at cor- 
responding specified wave lengths to the energy (or square of the 

y current) at the resonant wave length. It is advantageous to have 
2322 ! the scales of ordinates and abscissas equal. 


1023 A Frequency Resonance Curve. One wherein the abscissas are 
- ratios of specified frequencies to the resonant frequency, and the 
ordinates are ratios of the energy (or square of the current) at corres- 
ponding specified frequencies to the energy (or square of the current) 
at the resonant frequency. The scales of ordinates and abscissas 
are equal. 


x 1024 А Standard Resonance Curve, unless otherwise specified, is assumed 
to be a wave-length resonance curve. 
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1025 Selecting. The process of adjusting an element driven by a 
plurality of simultaneous impulses, until the ratio of desired response 
to undesired response is a maximum. 

1026 Sustained Radiation consists of electromagnetic waves of constant 
amplitude (such as are emitted from an antenna in which a forced 
alternating current flows.) 

1027 Tuning. The process of securing the maximum indications by 
adjusting the time period of a driven element. (In transmitter or 
receiver.) 

1028 A Wave-Length Meter commonly called a Wave-Meter, is a radio 
frequency measuring instrument, calibrated to read wave lengths. 

1029 Rating. 1. All radio transmitting sets shall be rated in actual 
power output measured in the antenna. 

NOTE: The group or audio frequency of the note of the station 
should be stated as well, (except for sustained wave sets, where that 
characteristic should be mentioned). 

2. The over-all efficiency of a radio transmitting station shall be 
the ratio of the actual power output as measured in the antenna to the 
power input supplied to the first piece of electrical machinery which is 
definitely a part of the radio equipment. 

1030 Decremeter. Ап instrument for measuring the logarithmic de- 
crement of a circuit or of a train of electromagnetic waves. 

1031 Attenuation, Radio. The decrease with distance from the radi- 
ating source, of the amplitude of the electric and magnetic forces 
accompanying (and constituting) an electromagnetic wave. 

1032 Attenuation Coefficient (Radio). The coefficient, which, when 
multiplied by the distance of transmission through a uniform medium, 
gives the natural logarithm of the ratio of the amplitude of the 
electric or magnetic forces at that distance, to the initial value of 
the corresponding quantities. 

1033 Coupler. An apparatus which is used to transfer radio-frequency 
energy from one circuit to another by associating portions of these 
Circuits. 


> 
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APPENDIX II. 
ADDITIONAL STANDARDS FOR RAILWAY MOTORS 


1100 In comparing projected motors, and in case it is not possible or 
desirable to make tests to determine mechanical losses, the follow- 
ing values of these losses, determined from the averages of many 
tests over a wide range of sizes of single-reduction single-geared 
motors, wil be found useful, as approximations. They include 

т " axle-bearing, gear, armature-bearing, brush-friction, windage, and 
| stray-load losses. 


| TABLE ХХ 
к Approximate Losses іп D.C. Railway Motors. 
E Input in per cent of that at nominal | 
* rating Losses as per cent of input 
100 or over 5.0 
75 5.0 
: 60 5.3 
Си 50 6.5 
Ж 40 8.8 
| 30 13.3 
P Қ 25 17.0 


1101 The core loss of railway motors is sometimes determined 
by separately exciting the field, and driving the armature 
of the motor to be tested, by a separate motor having known losses 

А and noting the differences in losses between driving the motor light 
at various speeds and driving it with various field excitations. 


бө, 1102 Selection of Motor For Specified Service 
The following information relative to the service to be performed, 
277 is required, іп order that an appropriate motor may be selected. 
| (а) Weight of total number of cars in train (in tons of 2000 Ib.) 
å exclusive of electrical equipment and load. 
я (Ъ) Average weight of load and durations of same, and maximum 
weight of load and durations of same. | 
- (с) Number of motor cars or locomotives in train, and number 
of trailer cars in train. 
(d) Diameter of driving wheels. 
(e) Weight on driving wheels, exclusive of electrical equipment. 
(f) Number of motors per motor car. 
А (g) Voltage at train with power on the motors—average, mati- 
mum and minimum. 
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(h) Rate of acceleration in mi. per. hr. per second. 
(i) Rate of braking (retardation in m. per hr. per second). 
Q) Speed limitations, if any (including slowdowns). 
(k) Distances between stations. 
(1) Duration of station stops. 
(m) Schedule speed including station stops in m.p.h. 
(n) Train resistance in pounds per ton of 2000 pounds at stated 
speeds. 
(o) Moment of inertia of revolving parts, exclusive of electrical 
equipment. 
(p) Profile and alignment of track. 
(а) Distance coasted as а per cent of the distance between station 
Stops. 
(r) Time of layover at end of run, if any. 


1103 Stand-Test Method of Comparing Motor Capacity with Service 
Requirements: When it is not convenient to test motors under actual 
Specific service conditions, recourse may be had to the following 
method of determining temperature rise. 


1104 The essential motor losses affectirg temperatures in service are 
those in the motor windings, coreand commutator. The mean ser- 
Vice conditions may be expressed, as a close approximation, in terms 
of that continuous current and core loss which will produce the same 
losses and distribution of losses as the average in service. 

А stand test with the current and voltage which will give 
losses equal to those in service, will determine whether the motor has 
Sufficient capacity to meet the service requirements. In service, the 
temperature rise of an enclosed motor ($164), well exposed to the 
draught of air incident to a moving car or locomotive, will be from 75 
to 90percent (depending upon the character of the service) of the tem- 
Perature rise obtained on a stand test with the motor completely 
enclosed and with the same losses. Witha ventilated motor ($165 
and $167), the temperature rise in service will be 90 to 100 per cent of 
the temperature rise obtained on a stand test with the same losses. 


105 In making a stand test to determine the temperature rise in a 

Specific service, it is essential in the case of a self-ventilated motor 

$ 167), to run the armature at a speed which corresponds to the 

Schedule speed in service. In order to obtain this speed it may be 

necessary, while maintaining the same total armature losses, to change 
Somewhat the ratio between the I?R and core-loss components. 


1106 Calculation for Comparing Motor Capacity with Service Require- 
ments. The heating of a motor should be determined, wherever 
Possible, by testing it in service, or with an equivalent duty cycle. 
When the service or equivalent duty-cycle tests are not practicable, 
the ratings of the motor may be utilized as follows to determine its 
temperature rise. 


1107 The motor losses which affect the heating of the windings are as 
Stated above, those in the windings and in the core. The former 
are proportional to the square of the current. The latter vary with 
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the voltage and current, according to curves which can be supplied 
by the manufacturers. The procedure is therefore as follows: 


1108 (а) Plot atime-current curve, a time-voltage curve, and a time-core 
loss curve for the duty cycle which the motor is to perform, and calcu- 
late from these the root-mean-square current and the equivalent 
voltage which, with this T.m.s. current, will produce the average 
core loss. 


1109 (b) If the calculated r. m.s. service current exceeds the continuous 
rating, when run with average service соге loss and speed, the motor 
is not sufficiently powerful for the duty cycle contemplated. 


1110 (c) If the calculated r.m.s. service current does not exceed 
the continuous rating, when run with average service core loss 
and speed, the motor is ordinarily suitable for the service. In some 
cases, howcver, it may not have sufficient thermal capacity to avoid 
excessive temperature rises during the periods of heavy load. 
In such cases a further calculation is required, the first step of which 
is to calculate the temperature rise due to the r.m.s. service cur- 
rent, and equivalent voltage. 

Let ж temperature rise 
fo ГК loss, kw. 
с = coreloss, kw. 


with r.m.s. service current, and equiva- 
lent service voltage. 


T = temperature rise | | 
Po = І?К 1055, kw with continuous load current correspond- 


P, = core loss, kw ing tothe equivalent service voltage. 


Then 
t=T _ Ро + Рс 
Pot Pe 
1111 (а) The thermal capacity of a motor is approximately measured 
by the ratio of the electrical loss in kw. at its nominal (one-hour) 
capacity, to the corresponding maximum observable temperature 
rise during a one hour test starting at ambient temperature. 


‚ approximately. 


1112 (е) Consider any period of peak load and determine the electrical 
losses in kilowatt-hours during that period from the electrical effi- 
ciency curve. Find the excess of the above losses over the 
losses with r.m.s. service current and equivalent voltage. The 
excess loss, divided by the co-efficient of thermal capacity, will equal 
the extra temperature rise due to the peak load. This temperature 
rise added to that due to the r.m.s. service current, and equiv- 
alent voltage, gives the total temperature rise. If the total 
temperature rise in any such period exceeds the safe limit, the 
motor is not sufficiently powerful for the service. 


1118 (f) If the temperature reached, due to the peak loads, does nct 
exceed the safe limit, the motor may yet be unsuitable for the service, 
as the peak loads may cause excessive sparking and dangerous me- 
chanical stresses. It is, therefore, necessary to compare the peak 
loads with the short-period overlcad capacity. If the peaks are also 
within the capacity of the motor, it may be considered suitable for the 
given duty cycle. 
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APPENDIX III. 


BIBLIOGRAPHY OF LITERATURE RELATING TO ELECTRICAL 
ENGINEERING STANDARDIZATION 


Engineering Manual of the American Electric Railway Engi- 
neering Association. 


Standardization Rules of the Electric Power Club, 1914. 
Report of the Committee on Standardization of the Institute of 


Radio Engineers, 1913. 
National Electric Code. 
Meter Code—Code for Electricity Meters of the A. E. I. C. and 


N. E. L. A. 1912. 
Standardization Reports of the Association of Railway Electrical 


Engineers. 
Publications of American Society for Testing Materials. 
The U. S. Bureau of Standards' various publications including Cir- 
culars 15, 22, 23, 29, 31, 34, and 37. 
Reports of Committee on Nomenclature and Standards of Illumi- 
nating Engineering Society. 
National Electric Light Association. 
American Institute of Electrical Engineers, Specifications. 


FOREIGN PUBLICATIONS. 


Publications of the International Electrotechnical Commission. 

Publications of the Engineering Standards Committee of Great 
Britain. 

Institution of Electrical Engineers, London, Wiring Rules and 


other publications. 
Verband Deutscher Elektrotechniker. 


British Electrical and Allied Manufacturers' Association, Stand- 


ardization Rules. 
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CALCULATION OF SUDDEN SHORT CIRCUIT 
PHENOMENA OF ALTERNATORS 


BY N. S. DIAMANT 


ABSTRACT OF PAPER 

The theory and explanation of the electromagnetic phenomena 
involved in the sudden short circuit of alternators, as given 
by Berg and Boucherot, is first briefly considered. It is shown 
how complex the different resistances and reactances are that 
enter the equations of sudden short circuits. 

New methods are developed for the experimental determina- 
tion of these quantities by simply determining the rise of direct 
current in the field and armature circuits. (see II) Also new 
simple methods are given, based on theoretical equations, for the 
calculation of short circuits directly from oscillographic re- 
cords. (see IV). 

Data relating to the short circuit of a 45-kv-a. alternator 
are given; also an electrical device, designed by the writer and 
used in most of the tests, for short circuiting à machine at any 
given point of the e.m.f. wave, as described. (see III). 

As a whole, an attempt is made throughout the paper to 
p calculations of sudden short circuits оп a sound rational 

asis and to test the correctness of the theories given. 

The paper is divided into the following self-explanatory sec- 
tions: I—General theory and explanation of the electromag- 
netic phenomena of sudden short circuits of alternators. II— 
Experimental methods for the determination of alternator con- 
stants. III—Sudden short circuit tests. Three-phase, single- 
phase etc. IV— Methods of calculation. V— Determination 
of armature reactance. (impedance). VI—Effect on supply. 
VII—Critical resume and some conclusions. VIII—Descrip- 
tion of apparatus and list of symbols. 


INTRODUCTION 

MONG the transient phenomena which have within less 
than a decade assumed such an important role in the 
development and progress of electrical engineering, those of 
sudden short circuits of dynamo-electric machinery, in general, 
and of alternators, in particular, stand by themselves, both on 
account of their importance and extreme complexity and diffi- 
culty. Confining attention to the latter only, which affects so 
vitally large central stations, railways, etc. it will be found that 
our knowledge of the subject is not very thorough, and that the 
little that has been published is descriptive, qualitative and 
empirical rather than analytical and quantitative. The rea- 


Manuscript of this paper was received July 16, 1915. 
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son for this 1$ not far to seek when it 1s remembered that even the 
subject of regulation, very important as it was in the earlier 
days, after having for so many years taxed the ability and in- 
genuity of so many brilliant engineers, it is hardly considered 
at present as completely solved. 

In the sudden short circuit of alternators, the same quantities, 
namely, armature reaction and leakage reactance which affect 
regulation, enter the problem. Besides these, however, the 
leakage reactance of the field and its resistance have to be con- 
sidered, with the further complication that one is a normal and 
permanent phenomenon while the other 15 an abnormal and 
transient. 

In the following an attempt is made to deal with this impor- 
tant subject analytically and experimentally. The theory is 
first considered, briefly, and then the methods developed by the 
author, for the practical calculation of short circuit characteris- 
tics of alternators are outlined; also approximate methods for 
testing the correctness of the theories is indicated. At the end 
a critical resume bearing on three-phase short circuits, and some 
conclusions, based on theory and experiment, are given; these 
will enable one to get some of the principal points brought out 
without studying the paper in detail. 


| ! 
I. GENERAL THEORY AND EXPLANATION OF THE ELECTRO- 
MAGNETIC PHENOMENA OF SUDDEN SHORT CIRCUITS 
oF ALTERNATORS 


There has been considerable discussion on the subject, before 
technical societies, especially, in connection with ‘ Current 
limiting reactors." In this way indirectly, and through some 
valuable articles in technical periodicals, interesting practical 
experiences have been recorded. But as far as the phenomenon 
of short circuits is concerned, it 1$ not uncommon to find indefi- 
nite statements and incorrect ideas and theories. "Therefore, 
it seems desirable, to give at first the general theory as proposed 
by Drs. E. J. Berg and Paul Boucherot. 

Berg's Theory! In order to fix our ideas, let us assume that 
an alternator is running light at full speed and generating normal 
voltage. Just before short circuit the field, m.m.f., acting alone, 
produces a certain flux, norma, Which links with the armature, 
since these two circuits are in mutually inductive relation to 
each other like the primary and secondary of a static transformer. 


l. The writer is greatly indebted to Dr. Berg for kind permission to 
give his theory here for the first time. 
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At the instant of short circuit, there is a great rush of current 
in the armature which causes a variable pulsating magnetomo- 
tive force. This m.m.f., which was absent before the short 
circuit, sets up a varying flux and owing to the mutually induc- 
tive relation of the two circuits—armature and field—large 
electromotive forces are induced in the closed field circuit which 
in turn cause large currents to circulate. 

Naturally, by Lenz’s law, this current in the field tends to 
neutralize its cause, and thus the m.m.f. of the field tends to 
oppose the m.m.f. of the armature. Furthermore, it is known 
that the fux 1n the armature after a short time 1s reduced to that 
corresponding to the permanent short circuit condition due to 
armature reaction. 

Thus the flux in the armature, somehow or other, dies down 
from Ф, = Qima tO Pd = Pyanasentabor. — Assuming that 
the initial field and armature m.m.fs. are equal and oppo- 
site, the flux in the armature will then decay approximately 
according to a simple exponential; consequently, the e.m.f. pro- 
duced by this decaying flux will be: 


E, еч" sin 0 (1) 


where сх; is the damping or attenuation factor of the field struc- 
ture and Е, is the maximum e.m.f. corresponding to the flux 
(b, — Ф,,). The part of the flux which persists during the 
permanent short circuit, produces an e.m.f., Ез sin Ө, just 
sufficient to send the armature current through its impedance. 

In this manner, the e.m.f. of each phase can be separated into 
two parts: one transient, corresponding to (Ф, — 4d,,4), the 
other permanent, and equal to the impedance drop under per- 
manent short circuit. In general, the armature e.m.f. .before 
short circuit is, 


e, = (E, є 07?) + Es) sin 0 (2) 


where 0, is the time phase of the e.m.f. wave at which the short 
circuit happens to occur. By means of this simple analysis the 
phenomenon is reduced to a transient for which according to 
Kirchhoff's law: 


ба = lara a Xa 20 (3) 


where 7, is the armature current at any time 0 after the short 
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circuit, and 7, and x, are the armature resistance and leakage 
reactance, respectively. 

` Introducing the boundary condition that at 0 = 0,, i.e. at the 
instant of short circuit the armature current is zero, the follow- 
ing expression can readily be obtained :? 
Е, X 


. ------ e—a, (0—4) 1 = 
X. 27 674! sin (0 — В) 


= 


+ Zt sin (9 — В.) — = ns sin (9, — 6) 


+ 7 sin (9, — В!) (4) 


The meaning of the new symbols being: Za = Vra + xa = arma- 
ture impedance; а, =7./х. “armature attenuation factor; R/X 
= Qa — Q; Z = VR? + X?; В = tan! X/R; В, = tan! 
Nal ta: 

The above equation can be simplified by assuming В = f 
= 90 deg.; it will be found convenient to write it in the following 
form: 


(A + B) в-4а 68-9? cos 0, — A є- (0-0) cos 0— B cos 6 (5) 


From (D), if desired, the armature magnetomotive force, power, 
field current, etc. can be obtained. 

Boucherot's Theory? The above theory, characterized by its 
great simplicity, may be termed the e.m.f. theory in distinction 
to Boucherot's flux theory, as it may be called, which deals with 
fluxes and coefficients of induction. "Thus, to simplify matters, 
consider a two-phase alternator in which there will be no mutual 
induction between the phases. 


2. Equation (3) belongs to the well known type of linear differential 
d ; | 
equations: 22 = Ру + 0, where Р is assumed to be constant апа О is 


a function of the time angle 0. It is not necessary to give the solution 
here in detail as it can be found in any standard text on Differential 
Equations. 


3. Trans. Int. Elec. Congress, 1911, Turin, Italy. Also Bull. Soc. 
Int. Elec. (Paris) 1911. 
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As already explained, the flux in the field, during short circuit 
passes from a value Ф; to a smaller value psa. If M be the maxi- | 
mum mutual induction between field and armature, MI; will I 
be the maximum flux enclosed by any given phase, and, if the IN 
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the first states that by virtues of the mutual induction which 
exists between phase A and the field, the total flux in A, Pa €~%,° 


| 9. | 
at any time, t = w 15 the sum of the mutually inductive flux 


coming from the field and the self-inductive flux of the phase 
itself. Similarly with the other expressions. 

A little consideration will show that according to this method 
there will be a different set of equations for single-phase and three- 
phase short circuits, with and without amortisseur windings, etc. 
Indeed, іп case of three-phase short circuits there is the mutual 
induction between the phases which comes in and complicates 
greatly the mathematical solution of the problem and though 
of great commercial importance, this case has not been worked out 
by Boucherot. 

The solution of the above set of equations, or any other for 
that matter, is not very simple and too long to be introduced 
here. For further details the original memoire must be consulted 
however, the following equations may be noted: Armature 
current in case of two-phase machine without amortisseur wind- 
ing, 


la = Ipan [cos(wtt+ 01) + А егуі cos (wt + 01) 
— B є- іча! cos 0, — 1 A Е іа! cos (2at + 0)] (11) 


where B = 1 + А/2; ау = field resistance divided by the total 
field leakage inductance and а. = armature resistance divided 
by the total armature leakage inductance. 

For the second phase there will be a similar equation in terms 
of sine instead of cosine. When the machine is equipped with 
a perfect amortisseur winding above the equation somewhat 
simplifies into: 


ia = I [cos (wt+61) + Ae! cos (94-8) — В € *«! cos 6j], 
(12) 


where B = 1 + A. Similar although much more complicated 
expressions are given in the original paper for single-phase short 
circuit currents etc. But these have to be simplified a little 
before they can be of much practical value. 

It 1s well at this point to consider the phvsical side of the sub- 
ject in a little more detail. It has been shown that there is a 
change of flux during short circuit both in the field and armature 
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circuits. It is also well known that any change of flux in a closed 
circuit divided by the total resistance of the circuit represents a 
quantity of electricity g, due to the change of flux. Thus the 
decay of flux in any given phase of the stator produces a quantity 
of electricity which manifests itself as a direct current and which, 
of course, produces an alternating current in the field. A little 
consideration will show:that the direct current in the stator 
which dies down according to the attenuation factor of the arma- 
ture, ад, depends entirely on the time at which the circuit is 
closed; if the flux in any given phase of an alternator encloses 
at the instant of short circuit an amount of flux equal to the 
permanent short circuit flux, фр.ь, then obviously, there will be 
no change of flux and consequently no direct current produced in 
that particular phase, and the armature current will be symme- 
trical. 

Similarly a direct current is produced in the rotor, due to the 
change of flux in the field, which causes an alternating current in 
the stator. These may be said to be the most important interac- 
tions between stator and rotor during short circuit conditions 
and if one turns to the equations given above it will be noted 
that: 
first term in (11) 


first term in (12) 
third term іп (Б) 


represent the permanent short circuit cur- 

rent corresponding to the small flux due to 

the normal field m.m.f. and the demagne- 
tizing armature reaction. 


represent the current due to the change of 

flux in the phase under consideration and 

therefore involve the time angle бі, at 
which the circuit is closed. 


first termin (5) 
third term in (11) 
third term in (12) 


second termin (5) | represent the current due to the change of 

second term in (11) | flux in the field and consequently are in- 

second term in (12) } dependent of 0, and are functions of the 
field damping factor, ay. 


In (11) there is an additional term due to the change of flux in 
the amortisseur winding. 

Equations given above, may at first glance, seem rather com- 
plicated for practical purposes, but closer consideration will show 
that they are not long and tedious to work out and especially 
with the simplification introduced when В and fj; are taken equal 
to 90 deg. and the use of the methods given later the calculations 
are reduced to those of a simple exponential of the form, x = X e- *' 
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However, the question of greatest importance and extreme 
difficulty is the determination of the different characteristics, 
namely, armature reactance and the damping factors a, and 
«у. The last two, а. and ay, can be said in general to be equal 
to resistance/reactance or resistance/inductance, according as 
0 or tis taken as the independent variable. Consider in particu- 
lar the damping factor of the field, х//ху; г; here is not only the 
ohmic resistance of the field spools but 1t includes any eddy cur- 
rent or energy consuming effects which help to damp out the 
field transient. Again х; 15 not the self-inductive reactance of 
the field spools by the total leakage reactance of the field and 
armature. Similarly a, is a complicated quantity, so that even 
under the simplest assumption which is almost necessarily always 
made, that о, and а; are constant it seems extremely difficult 
to calculate these quantities with a fair amount of accuracy. 

The complex nature of these quantities has been recognized 
by several investigators such as Miles Walker‘ and Berm who 
without attempting to define them rigorously has called them the 
equivalent resistance and reactance of the field structure, etc. 
Others, however, have apparently failed to understand the real 
meaning of these several quantities and have attempted either 
to simplify them too much make them simpler than they would be 
for two air core mutually inductive circuits—or complicate them 
unnecessarily by trying to combine armature reactance and arma- 
ture reaction into a single term. 

It became clear to the author, very early in this investigation, 
that the best method of determining the above quantities is by 
somehow imitating, in a simple way, the complex phenomenon 
of sudden short circuits. This was accomplished by studying 
the rise of direct current in the stator and the rotor under different 
conditions and thus determining experimentally average values 
for the damping factors which can be assumed constant. 


II—EXPERIMENTAL METHODS FOR THE DETERMINATION OF 
ALTERNATOR CONSTANTS 


Tests were made on two machines which may be designated as 
machines A and B; information regarding these will be found in 
section VIII. The experimental work on A, a 45-kv-a. alterna- 
tor, was more extensive than on the other, and the results are 
given herein in considerable detail; however, the results obtained 
with machine B were very satisfactory and in every way con- 
firmed those secured with the alternator A. 


4. Journal Inst. Electr. Eng., London, August 1910. 
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To determine the attenuation factor of the field, tests were 
made as follows: 

(а) Rise of field current with the machine stationary and the 
stator open-circuited. 

(6) Rise of field current with the machine stationary and the 
stator Y-connected and dead short circuited. 

(c) Rise of field current with the machine running at normal 
speed and the stator Y connected and short circuited at its ter- 
minals. 

(d) Same as (c) except CORR BAERAIMGLY high resistance inserted 
into the armature circuit. 


“ATTENUATION FACTOR FOR FIELD STRUCTURE 
5 


10^: aq 


0 202 100.7 1207 14077 
” ELECTRICAL TIME ANGLE IN RADIANS 
0 0.75 


0.50 
TIME IN SECONDS 
Fic. 1--Түріслі, CURVES SHOWING aj AS FUNCTION OF TIME 


Lower curve obtained from oscillogram No. 28, giving rise of field current with machine 
running at full speed and stator circuit practically open. 
Upper curve: same conditions, except armature dead short-circuited at its terminals. 


(e) Same as (c) except that the stator was left open. 

The results of these tests are given in Table I, and are based on 
the assumption made throughout the paper, that the reactance 
is constant. An attempt was made to take saturation into ac- 
count, by using the Kennelly-Frolich equation for the magneti- 
zation curve; this, however, complicated matters very much 
without a corresponding increase in accuracy. Experiments 
also indicated this refinement not to be quite justifiable; plotting 
оу against time, in every case typical curves like the ones shown 
in Fig. 1 were obtained, and it can be seen from these that ay 
does not vary over a wide range. 

Making the above assumption (permeability constant) and 
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neglecting the effect of the secondary or the stator in case (a), 
a, can readily be calculated by means of the well known equation: 


i, = Ty (1 є") (13) 


where 1; and I; are the instantaneous and maximum values of 
the current, respectively, and can be measured directly on the 
oscillograms and 0 can be obtained from a reference timing wave. 
(See Figs. 8, 9 etc.) 


TABLE I 
Meth- Max- | Value of «€f 
od imum 
No. of[usedin| Machine | field for for Manner in which armature of al- 
oscillo-| calcu-| at rest or | cur- | high low ternator was connected while taking 
gram. |lating| running rent di di oscil. of rise of field current. 
а ойе Кана 
J шы ч dt 

25 G at rest 5.0 10. 003700. 0030| Y connected, dead short circ. 

26 ы 4 un 4.98 |0.0035/0.0028| open 

27 s 1200 r.p.m.| 5.08 10. 003410 0023] open 

28 5 “ ы 3.1 |0.0040|0 0023] delta connected c. lamps, used as load 

120 ohms across terminals 

29 Ы б Ж”; 5.0 |0.0036/0.0025| 240 ohms across two of the term. 

31 * a ы 3 0.0033|0.0023| Open 

32 е Е “ 5.05 |0 0037 [0.0025 80 ohms across two of the term. 

34 4 s 4 95 10.009710.0075! Y connected, dead short circ. 

35 s ы « 5 0.010 0.00851 “ # ° u 7 

37 4 “s к 5 0.012 |0.0099| * x » Е 5 

30 7,4 s s 2.98 [0.004000 0032] same as oscillogram No. 28 

30 N * ы 2.98 |0.004210.0036 5 s s ne 

32 s А g 5.03 10.00350. 0028| 80 Ohms across one phase 

35 ш s Е 5 0.0095|0.0085| Y connected, dead short cir. 

37 1 s s 5 0.00970. 0088] “ а s T. uM 


Average value of ЯУ when time rate of change of current is high: 0.0106 
Average value of @f when time rate of change of current is low : 0.0085 
Mean value of @f is 0.0095. 


“ Method C refers to determination of @f from the rise of the field current while N refers 
to determination of @f from the rise of armature current and К from the rise of the stator 
exploring coil voltage. 

In the other four cases and especially in case (c) the effect of the 
secondary or armature must not be neglected; however, since the 
stator resistance 1s negligible compared to its reactance, it can be 
shown that with very good approximation, the same type of equa- 
tion will apply, with the important difference that x, is no longer 
the true self-inductive reactance but the total leakage reactance 
reduced to the field circuit. 

This method of calculating ау from the rise of the field current 
by means of (13) is referred to in Table I as method G. In 


— e 


1915] DIAMANT: SHORT CIRCUITS 2053 


methods N and K the same type of equation as (13) was used to 
calculate a, from the rise of the armature current (due to the rise 
of field current) and the rise of stator exploring coil voltage. 
(See Figs. 8,9 and 10.) However, it should be noted that method 
N is not as accurate as method G. 

The truth of all the above statements in reference to the cal- 
culation of a, follows from fundamental principles and the ap- 
plication of Kirchhoff's laws and it seems hardly advisable to 
elaborate on them, as this would require considerable mathe- 
matics. 

It is clearly seen fsom Table I that while o; is small (about 
0.003) when the stator circuit 1s either open or closed through a 
comparatively high resistance, it increases over three times (to 
about 0.0095) when the armature is short circuited and the 
machine run at normal speed. Since the resistance of the field 
structure including eddy current losses etc. cannot be very 
different in the two cases, for this particular machine, it is clear 
that the ratio of the true self-inductive reactance to the total 
leakage reactance reduced to the field is about three. Careful 
study of the table reveals many interesting points which all go 
to show the importance of leakage reactance and increase in 
eddy current losses during rapid transient periods. 

It is interesting to check the values of а; in Table I by means 
of other methods. Let Ф be the flux per pole at normal field 
excitation, as given by design data and №, the number of turns per 
pole; the inductance of the field then is 


LC abhenry, or more accurately, 
/ 


N 
I (1 + % peakage of poles) (14) 


For the alternator under consideration, allowing 12 per cent 
leakage, r;/x, was found to be 0.0038. Again by taking the ohmic 
resistance of the spools and measuring their reactance by the a-c. 
voltmeter-ammeter method r;/x, was found practically equal to 
the value just given. 

According to general theory which is fully borne out by the 
experiments described later, it is the attentuation factor involv- 


5. The first method is due to Dr. Berg while the second method is 
due to the author, 


92. 
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ing the leakage reactance that enters the problem and it is clear 
from the above how ordinary methods of calculating ay = r;/x; 
fail utterly to give correct results. 

The damping factor of the stator was determined, in the same 
manner as ау, by taking oscillographic records of rise of direct 
current sent through the armature circuit under the following 
conditions: 

(a) Rise of direct current in the stator with the machine at 
rest and the field circuit open; in a few tests the field was slowly 


TABLE II 

Amperes of Manner in 

No. of | Method | d.c.sent | Connections of | Rotor of genera- | which gen. 
oscillo- | used to | through field circuit tor during test | was con- Qa 

gram get Фа | armature was nected to 

d.c. 

41 X short cir. stationary neutral 0.097 
40 s open К and term. | 0.070 
71 а short cir. ы А of gener.| 0.085 
65 е ореп rot. by hand connect. to| 0.085 

slowly low volt- 
58 " open 1031 r.p.m. age d-c. | 0.135 
59 е ы 1020 * supply 0.135 
60 " " 1020 “ appr. 0.150 
58 Z к 1031 r.p.m. 0.122 
60 Е е 1020 аррг. 0.125 
67 ы > 1150 appr. 0.125 
66 x т 1140 r.p.m. " 0.150 
182 е short сіг, 1200 аррг. e 0.135 
183 A Ж, . е » 0.135 
184 ы e -S 3 қ 0.150 
53 Ж. short cir. stationary termin. А | 0.070 
56 = open 990 r.p.m. and B conn.| 0.093 
57 " т 1150 r.p.m. to low 0.085 
56 Z " 990 r.p.m. voltage 0.070 
57 Е єз 1150 r.p.m. d-c. 0.070 

62 A я 1020 r.p.m. * 0.75 


*In this last test machine was delta connected and d-c. was circulated through the 
winding. 
Mean for “а from oscillograms 58, 59, 60, 66, 182, 184, is 0.141. 
rotated by hand and gave practically same results, as one might 
expect. 
(b) Same as (а) except that the field was short circuited at its 
terminals. 
(c) Rise of direct current in the stator with the machine run- 
ning at or near normal speed and field open. 
(d) Same as (c) except that the rotor circuit was dead 
short circuited. 
The results of these experiments are given in Table II. Cal- 
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culations were made by means of the same type of equation as 


(13), namely, 
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where 14; апа Iac represent the instantaneous and final values of 


respectively. At this point it may be noted that 


although there is no change in the method except a reversal in 


) 


the current 


the role of the primary and secondary, 1.е., armature and field 


y ttg d БА, 


ЫЕ А 
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(15) is not as accurate as the corresponding equation (13) since 


the field resistance is not quite negligible. 


This method of calculating a, from the rise of direct current 
in the armature is referred to as method X (see Table II); how- 
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at, was also calculated from the rise of the rotor voltage (due 
to rise of direct current in the armature) and this method is re- 


ferred to as method Y. 


The reason for the generation of voltage in the field is easily 
seen when it is remembered that the direct current in the stator 


ever, 


ря) iE ve 


ey к "S Ж f 


, ар 


n om 


E 


фз 


- - 
- 


will produce consecutive poles and the field spools cutting the 
flux will have e.m.f. induced in them. The expression for the 
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current is given by (14) and the flux due to it can be assumed to 


be equal to: 
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The e.m.f. induced in the rotor will be due (a) to rotation 


chiefly and (b) to the change of flux, according to an exponential 
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as given by (16). 
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Neglecting the second terms as compared to the first, 


(18) 


aat) sin (0 + à) 


e xe 


€t 


ant and 6 is the angle in electrical degrees 
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gram; or, it will be noted that when (9 + 6) equals 90 deg. or 
odd multiples of it, (18) reduces to 


е, = К (1 — Е а") (19) 


Obviously, this is the equation of а smooth exponential curve 
drawn through the crests of the wave represented by (18) and 
it mav be used to calculate аға, (see Figs. 12 and 13). 

In tests, (c) and (d), with the machine running, there was a 
double-frequency alternating current superimposed on the direct 
current, as can be seen in Figs. 11 and 12. (Compare Fig. 13.) 

This 1s due to the inductor alternator action (the alternate 
large and small peaks mav be duc to the effect of remanent 
magnetism in the poles) and it will be scen easily in the light of 
what has already been said in reference to the rise of voltage in 
the field due to the rise of current in the stator which produces 
consecutive poles. 

The value of а, in the last two cases (c) and (d), can be ob- 
tained by an equation similar to (18) or (19), as it will be evident 
from following derivation: Assuming a sinusoidal change of 
rcluctance, due to the rotation of the field, the e.m.f. induced in 
the stator will be,® 


e, = Osin2 0 (20) 


The factor 2 is introduced since for inductor alternator action, 
the passage of a single projecting pole constitutes a complete 
cycle. In (20) the flux, @, is due to therise of current in the stator 
and may be represented by: 


ф = m (1 - Е-“а8) 
Substituting this in (20) the stator e.m.f., e,, 1s found to be: 
e, = Kin (1 — є-%а") sin 2 0 (21) 


and consequently the current due to this e.m.f. plus the direct 
current 11 the stator gives the total current, 44; 


i, = (Ig + K sin 2 0) (1 — €- 40%) (22) 


where А isa constant. This expression fits well the records given 


6. Equation (20) represents in reality the e.m.f. caused by rotation 
only; however as shown in connection with the derivation of (18) the 
e.m.f. due to the change of flux is negligible. 
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is clearly shown in Fig. 3; as indicated by means of the inner 
arrows the current in this case flowed in opposite directions, in 
each slot, and thus а. = 7./х. increased from 0.135 to about 0.8 
or, the inductance decreased to practically nothing and the rise 
of current was very rapid, as recorded on the oscillogram. 

Fig. 3 also shows the cases when direct current is introduced into 
the armature through two terminals, А and B, of the Y, and 
through А and the neutral. In the former case there 1$ one slot 
per pole which carries currents in opposite directions and if these 
were to neutralize each other completely the two cases would 


Fic. 3—DIAGRAMMATIC REPRESENTATION OF A THREE-PHASE, FOUR- 
Роге, 4-Соп.„, ?-P1ITCH WINDING, SHOWING DIRECTION IN WHICH CURRENT 
FLOWS UNDER THE FOLLOWING THREE CONDITIONS (SEE TABLE II): 


Y to direct-current source: represented by outer arrows. 


Y to direct-current source: represented by middle arrows. 


e. ` to direct-current source: represented by inner arrows. 


be identical. However, as it can be seen from Table II when 
current is supplied through A and В the damping factor, аа, is 
smaller than when current is supplied through А and neutral; 
as it will be shown in section IV it is the latter scheme that gives 
correct results. 

Thus in case of fractional pitch windings care should be exer- 
cised in determining the stator damping factor not to have cur- 
rents in any slot flowing in the opposite direction; (see outer 
arrows, Fig. 3. Apparently, the currents neutralize each other 
in the slot but only partly at the end connections so that the 
inductance of the winding under such conditions has no practical 
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significance. This conclusion was corroborated in case of other 
schemes of connection that were tried. Fortunately, however, 
this trouble does not exist in case of full pitch windings as it can 
easily be verified by a simple diagram like Fig. 3. 


III—SuppDEN SHoRT Circuit Tests. THREE-PHASE, SINGLE 
PHASE, ETC. 


In the experimental investigation of sudden short circuits there 
are several important factors to be considered in order to obtain 
consistent results of any value. For example, the short circuit- 
ing switch must close with a quick positive stroke, and, in case of 
three-phase short circuits all three phases must be closed simul- 
taneously, as much as possible. A plunger mercury cup switch 
would meet the above requirements, however, it has been found 
that a quick acting automatic or electrically operated oil switch 
gives satisfactory results. 

The most important and most difficult matter to contend with, 
however, is the fact that the current depends on the point of the 
e.m.f. wave at which the short circuit occurs, as explained in 
section I. This makes it almost impossible to compare any 
two given conditions since it is by no means easy to duplicate the 
point of the e.m.f. wave at which the switch once closed. In one 
of the series of tests, on machine В, a number of records were 
taken at random, under different conditions. It was evident, 
however, that not only from the point of view of saving time and 
films, but also, for a successful investigation of the subject 1t is 
extremely desirable to be able to control, at least within limits, 
the point of the e.m.f. wave at which the switch shall close. 

After considerable work and trial the author designed the 
device shown in Fig. 4 which gave satisfactory results. 

In this device, one of two special brushes or contactors, bears 
on а cylindrical drum which is rigidly fastened on the shaft or on 
the coupling, on the alternator side, as shown in the figure. A 
slight projection on the revolving drum acts like a cam and causes 
the contacts to close once in every revolution. The contacts 
are mounted on a semi-circular guide which is rigidly bolted on 
the machine;thus by moving the brushes along the guide it is 
possible to have the brushes make contact at different points of 
the e.m.f. wave. It will be noted that all “ live " parts are sta- 
tionary and that the projection on the drum can easily be re- 
newed in case of wear. This contactor as described hereis not 
always dependable; but with careful design and the use of small 
platinum contacts it can be made very reliable. 
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The terminals of the contactor were connected to an instanta- 
neous ordinary relay which actuated the oilswitch. Withafew 
trials it was possible to adjust the distance between switches 
which were closed by means of a pendulum so as to allow for the 
time that it took the relay and the oil switch solenoid to operate. 
Over 100 short circuit tests were made on machine A, mostly 
at normal voltage, under different conditions as given in Tables 
III—VII. In every case the alternator was Y connected and 
was excited by means of a 3.5-kw. generator, connected directly 
across the field terminals; voltage was controlled by varying the 


Slight projection Semicircular Guide 
which closes for Movable 
Movable Venit ey Carbon Contacts 


| Contact Holder 


2 X ZA 
| Bearing of the Alternator ‚гг - —_ 
J 724 << NN 99; 
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field current of the exciter. А non-inductive resistance of about 
150 ohms was also placed in parallel with the exciter and the 
alternator field. For sake of clearness the different kind of short 
circuits are shown in Fig. 5 and for convenience these will be 
referred to as short circuit (a), (b) etc. 

In this connection it must be said that it is very desirable to 
distinguish between short circuits (b), (c) and (d) 

A glance at the tables will show that in case (b) the short 
circuit current for zero point on the e.m.f. wave, is about 10 to 
10.5 times full-load current, (Table IV) 7.e., it is slightly less than 
the maximum three-phase short circuit current. However, as 
soon as the neutral is connected in, cases (c) and (d), (Tables V 
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and VI) the maximum current 1$ over 14 to 15 times normal cur- 
rent. 

Therefore, in speaking of single-phase short circuits it should 
be made clear exactly what kind of short circuit is referred to. 
The practically importance of this is evident, since in three-phase 
systems short circuits usually start either between terminals or 
between terminals and neutral or ground; this distinction is also 
important in connection with a-c. railway systems, in which, if 
we assume a Y connected generator whose phases are used in 
succession, two in series, to supply single-phase current, accord- 
ing to the above, short circuit troubles will not be as severe as 
in a grounded ordinary three-phase system. 

In a series of extensive tests in 1911 at Chicago, which have 
been reported by Messrs. Schuchardt and Schweitzer the maxi- 
mum current of a 12,000-kv-a. turbo-alternator with 6 per cent 
external reactance was 14.5 times normal current in case of three 
phase short circuit; for a short circuit between terminals the maxi- 
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Fic. 5—DIFFERENT KINDS OF SHORT CIRCUITS 


mum current was 11.9times normal, with the voltage + 59 per cent 
of its maximum value; finally for a short circuit between ter- 
minal and neutral the maximum current was 14.5 times normal 
with the voltage —52 per cent of its maximum value. (These 
are given in Table III, test No. 45 and Table V, test No. 51). 
From these data it would seem that the maximum possible cur- 
rent at zero voltage with a short circuit between terminal and 
neutral will be much higher than 14.5 times normal and for a 
short circuit between phases it will be of the same order of magni- 
tude as for three phase. In other words, these Chicago tests 
confirm the results obtained by the author. However, there were 
too few of these tests made in comparison to three-phase tests, 
and as current transformers were used in taking oscillograms it 
seems best not to consider them absolutely conclusive, but with- 
hold judgment until more experimental data pertaining to differ- 
ent types of machines are available. 
7. TRANS. A. I. Е. Е. Vol. XXX, 1911, part II, p.1143. 
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Mean of column (8) is: 1.12 and @f for first cycle is: 0.018 


Mean of column (9) is: 1.0575, @f for rest of wave is: 0.00875 


Mean of column (10) is: 3.287 and @a for the armature is : 01.89. 
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Mean of column (8) is: 1.19 and @f for first cycle is : 0.0276 
Mean of column (0) is: 1.076 and 97 for rest of wave is: 0.0116 


Mean of column (10) is: 2.4 approximately, and Фа is: 0.139. 


*Denotes that the peak of the wave was off the film. 
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TABLE VI 
Maximum value armature |Ratio for @f Effec- 
currents for successive from tive 
half waves phase 
No. of | Kind | Time angle | ——————————————————- |— [Ratio | volt 
oscillo-| оѓ 9: at which first second lst all for | before 
gram | short |short'circuit| first second |in percent of | cycle [rest ОЙ Фа | short 
circuit | occurred in amperes [full load cur- cycles сїг- 
тепї cuit 
1 2 3 4 5 6 7 8 9 10 11 
162 0 536 703 | 1.04 | 1.04 5 278 
163 250 symme 855 710 | 1119 930 | 1.2 1.07 - 278 
164 -2 |149 148 | 1132 | 194 | 1481 | 1.1 1.06 5 қ 
166 ә 7а |0 nearly 1152 | 552 | 1510 | 722 | 1.06 | 1.05 6 i 
167 9 5 |0 appr. 1048 | 572 | 1370 | 749 1.03 6 е 
168 а Е |299 symm | 874 | 692 | 1142 | 907|1.2 |1.04| - | * 
169 e 5 |25 appr. 178 | 1097 23 | 1436 1.05 5 “ 
170 сЕ 1168 | 525 | 1528 | 687 | 1.1 | 1.04 4 ы 
171 ПОД |146 1298 | 1115 | 167 | 1460 1.04 5 s 
172 5 5 |80 зутте | 814 | 718 | 1063 | 941| 1.15 | 1.05 | - | * 
173 & 2 |92 nearly 648 | 775 | 749 | 1015 | 1.16 | 1.05 - я 
174 5.611530 88 | 1120 10 | 1465 | 1.1 | 1.04 6 * 
175 5 9 [112 445 | 926 | 582 | 1211 | 1.09 | 1.04| 6 | * 
176 | МЕ |0 nearly 1136 | 553 | 1485 | 772 1.04| 5 | * 
177 810 1200 547 | 1571 716 | 1.07 | 1.05 4 * 
178 0 1180 546 | 1560 715 | 1.09 | 1.05 5 ы 
179 259 зутт 799 718 | 1046 940 | 1.15 | 1.05 - s 
Mean of Column (8) is: 1.12 and @f for first cycle is: 0.018 
Mean of column (9) is: 1.07 and @f for rest of wave is: 0.0109 
Mean of column (10) 15; 5.1 and Фа (average) is: 0.259. 
TABLE VII 
Maximum values of cur- 
rent for successive half 
No. of. | Kind of | Angle бу at waves: 
oscillo- | short which --------------- 
gram | circuit switch Remarks 
closed first second | first second 
in amperes | in percent of 
full load cur- 
rent 
1 2 3 4 5 6 7 8 
146 8 |296 535.0| 463.0| 700 | 607 Considerable mechan- 
147 23 1309 386.0} 520.0] 505 680 | 1cal troubles were experi- 
148 | ЕЕ |0 nearly 10.73| 697.0] 14 | 908 | enced at oil switch after 
149 Е E О nearly 52.5 | 574.0 69 751 | the third or fourth cycle 
150 о 240.0} 599.0) 314 | 785 | see for instance, Fig. 18.; 
151 2 O |0 nearly 638.0| 355.0| 835 | 465 All taken at normal 
152 2 507.0| 461.0| 665 604 | voltage. 
< 


So far as it could be estimated @/ and Фа were the same as for the ordinary short cir-. 
cuit at the terminals of the Y winding without the neutral in. 
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In an article? describing certain short circuits tests it is reported 
that “ some machines have initial single-phase current rushes of 
about the same magnitude as the polyphase currents, some 
greater and some less ”; this statement is of course too indefinite 
and of no value since no data regarding the tests or the machines 
are given. The single-phase alternator, however, under normal 
or abnormal conditions is more complicated than the three-phase 
and specific data regarding tests, machines, their type of wind- 
ing, etc., must be considered before many peculiarities can be 
explained; these, however, are not always given. 

Exploring Coils. Аз described in section VIII the alternator 
was especially equipped for these tests with full and 2/3 pitch 
(stator) exploring coils at the top, middle and bottom of different 
slots; also a set of special slip rings was provided for a full pitch 
exploring coil placed on the face of the poles. 

The oscillograms given show that the voltages 1nduced im 
these search coils under short circuit conditions are not of as 
simple a form as theory would indicate. Indeed one fact brought 
out was that the flux distribution 1n the armature, within about 
a cycle after the short circuit, takes the general shape which it 
has under normal short circuit. This is well indicated in Figs. 
14, 15, etc., and special oscillograms taken confirmed this ob- 
servation. Thus it would seem that a good way to study sudden 
short circuits is by studying normal short circuits in details. 
Although a great deal of work has been done on permanent short 
circuits it is believed that so far very little or no attention has 
been given to the question of flux distribution under such condi- 
tions. 

Leaving all details aside, however, the exploring coils on the 
stator and rotor show that the flux in the armature and air gap 
dies down more or less according to a simple exponential as 
provided for by theory. Although the complete theory of the 
flux distribution and of the voltages induced in the exploring 
coils has not yet been worked out, a number of calculations were 
made; for three-phase short circuits, case (a) Fig. 5, the stator 
exploring coils give an attentuation factor 0.007 to 0.014, which 
is a rather wide variation, but a little study of the oscillograms 
wil show the search coil voltages to be unsymmetrical and to 
have other peculiarities which are not easily explained; therefore 
as a whole the above values can be considered satisfactory in that 
they show that the flux in the armature decays according to an 

8. Gen. Elec. Rev. August 1914. See also Electric Jour. April 1914. 
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exponential which seems to depend on the position of the search 
coil. Compare Figs. 14 and 15. 

The rotor search coil gave a much higher attentuation factor, 
it being of the order 0.1 to 0.18, which can again be considered 
satisfactory in that it indicates that the provision made in Bouch- 
erot’s theory that the flux in the field and armature dies down at 
different rates is not incorrect. However, no great importance 
can be given to the above values of damping factors. Indeed, 
for single-phase short circuits the same rotor exploring coil gave 
a damping coefficient of the order of 0.008, and in general, as can 
be seen by inspection of the oscillograms, the rate of decay of 
the rotor exploring coil was high for short circuit (a) and (e) but 
considerably lower for the other cases. There are other interest- 
ing, rather complicated and apparently inconsistent features in 
connection with the stator and rotor exploring coils which no 
doubt with further study will throw considerable light on the 
mechanism of short circuits. 


IV.—METHODS OF CALCULATION 


In order to test the value of the methods developed for the de- 
termination of ay and а. (section II) calculations were made from 
actual short circuit current waves. The obvious method would 
seem to be to use equations (6) and (11) directly, and by measur- 
ing 0, ĝi, etc., and knowing the normal short circuit current, to 
calculate a, first and then аа, without determining хо. However 
considerable experience with this method has shown that it is 
unsatisfactory and it may be affected considerably by the re- 
tardation of the machine. 

The following methods have therefore been developed by the 
author and have been found to give consistent results they have 
also the important advantage that they reduce the calculation 
of a long four term expression to that of a single exponential. 

(1)—The equation for the armature current under the assump- 
tion of 


B = В, iS: 
la = —(A + В) e-*« 0-9) sin (0, — В) + A e-*; @-® sin (0—8) 
+ Bsin (0 - В). (23) 


For sin (9 — В) = + 1, this reduces to 
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[ — (4 + B) в-“а%-% sin (0, — В) + Ae-«; ©- + В] (24) 


and 
[ — (А + B) е-“а9-% sin (0, — B) — A e-«; -*»— В] (25) 


A little consideration shows that (24) and (25) are the equations 
of the curves ab and cd drawn through the crests of the current 
wave. (Fig. 6). 

Moreover, the ordinate oc at an angle 0, will be given by equa- 
tion | 

А €-^f Onz) 4+ B+ (A + Ве “а (26) 


while 
(27) 


A є} (0, — 61) + B ы (А = В) Е “а (04 — 01) 


Fic. 6—ARMATURE CURRENT WAVE 


will represent o f in absolute value. Adding these two expressions 


fc is obtained and is given by: 


fc = 2(A є n - + B) 


Similarly, 
f" c! = 2 (A es On +20 + B) 


and consequently, 


fc—B d a 
Ер et } (2 ) . (30) 


f’ c"-B 


B, which is the normal short circuit current, can be neglected 
during the first few cycles when fc and f’’c’’ are large or, it can 


(28) 


(29) 


“ote 
К 


@ by 
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be easily determined and subtracted as indicated in (30) and 
ау calculated. 
Subtracting equation (27) from (26) there is obtained 


ос — 0 A B) є- «а (8n - 0) 
а = d блг а ЭИК @ (31) 
oc 0 (А + В) є-%а0 (n + ) 


from which a, can be calculated. 

Although the above derivation has been based on Berg's equa- 
tion Boucherot's equations also lead to exactly similar results, 
and it was by means of these methods that а; and oa in Tables 
III to VII were calculated. 

Since our knowledge of the subject 1s not complete at present 
it was deemed best to include any consistent peculiarities which 
were observed; thus the ratio fc/f’’c’’=et? а" for the first 
cycle which was found to be consistently higher than for the 
subsequent cycles has been recorded in column (8) of the tables. 

This seems to be a reasonable discrepancy since, during the 
first cycle with the sudden rush of current, probably r, 1s larger 
due to eddy current losses, etc., and x; may be smaller due to 
greater leakage and saturation; both these factors would tend to 
make а; greater during the first cycle than the subsequent cycles. 
However, it is known that r; and ху are not constant but are only 
assumed as such, and what is desired 1s to known of the existence 
of such peculiarities and determine some average value which 
will give satisfactory results as a whole. 

In column (9) of Tables ПІ to VII the ratio, €?*; =, as ob- 
tained from the rest of the wave, 1.e., excluding the first cycle, 15 
given and in column (10) the average ratio for Е? ча* will be 
found. This latter ratio was not as consistent and uniform as the 
ratio for the ficld damping factor. 

Referring back to the development of the method for calculat- 
ing, it is seen that inherently expression (31) will not give as 
accurate results as (30), since in the former the ratio of differences 
such as (oc — of) and o” c'' — o” f'' is involved; moreover it is 
clear that as the current wave tends to become symmetrical 
the method fails since (oc — of) approaches zero (see Fig. 6). 
Taking these factors into consideration the ratios for о, in column 
(10) are fairly satisfactory. However, in order to check these, 
another method was developed as follows: 

Consider current waves which correspond to the zero point of 
the e.m.f. wave, t.e. oscillograms for which 0, = 0, or strictly 
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(В —0,) = 90 deg.; this is the most advantageous condition for 
determining the stator damping factor since as 0, approaches 
90 deg. the current wave tends to become symmetrical and the 
term containing а. disappears entirely. 

The expression for the current 1n this case is А 


ta = (A + B) в-4/% — (B + A є- 8) cos 0 (32) 


However, а; is in general small compared to а, the latter being 
10 to 20 times а; (about 15 times for machine A) so that в74; ° 
can be assumed equal to unity for the first few cycles without 
appreciable error. Thus for practical purposes (32) becomes 


à = (A + B) (1 + е") | (33) 


and for the next two cycles we have, 


(A + B) (1 — e7?*«*) апа (34) 


ta 


(A + B) (1 + ег") (35) 


1а 


respectively. 
It is easy now to verify that (see Fig. 6). 


equation (33) = etegr= с (36) 


equation (33)—equation (34) oc —o' f! 


equation (33) 


р um +2ag Ж > 0c 
equation (35)—equation (34) E ТЕРІ LT (37) 


o'' c'' — о’ f' 


Careful study of the above method discloses the fact that ow- 
ing to the assumptions made (36) will give too small values and 
(37) too large values for аи, but if the mean of the two be taken, 
about the right value should be obtained. This was exactly 
what calculations from 11 films showed; although the results of 
(36) and (37) were much more consistent and uniform than those 
obtained by method (1) the former were too small and the latter 
too large, the average being 0.13. 


V—DETERMINATION OF ARMATURE REACTANCE 


1 According to expression (5), section II, (A 4- B) is equal to the 
maximum phase voltage before short circuit divided by the arma- 


- 
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ture impedance, with good approximation. Having determined 
Qla, (А + B) can be obtained by means of equation (33) and thus 
the armature impedance calculated. 

The mean value of (A + B) was found to be 458 amperes for 
the three-phase short circuits and therefore the stator impedance 
or reactance per phase 1s 
278 V2 


458 = 0.857 ohms рег phase. 


2g = 


2. Taking advantage of the fact that the machine was equip- 
ped with exploring coils the stator 1mpedance was determined by 
means of the following proportion: : 


armature phase voltage on open circuit 
search coil voltage on same open circuit 


arm. phase volts at normal short circuit and same excitation 
scarch coil voltage under same conditions 


This method applied on two phases gave an average value of 
Za = 0.781 ohms per phase. 


3. Another method? uscd to determine the armature imped- 
ance consisted 1n short circuiting one phase of the alternator and 
taking readings of armature current in the short circuited phase 
and of voltage across the other two phases. The voltage read- 
ings should theoretically be equal and they were found to be 
fairly so although 1n certain cases a variation of 5 per cent and 
even 10 per cent was noted. 

Each phase of the alternator was short circuited in succession 
and readings were taken for several ficld current strengths. The 
average value obtained in this case by dividing the open phase 
voltage by the current of the short circuited phase was 


Za = 0.783 ohms 


4. Finally the armature reactance was calculated by means of 


9. This method is described Бу Е. T. Wall т the Electrician, (London) 
Feb. 28, 1913. It may be noted that it is applicable to Y-connected 
machines. 
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ordinary reactance formulas (see for example A. Gray’s Design 
of Elec. Machines, p. 223) and the value obtained was 


ха 0.81 ohms 


Using the ohmic resistance of the armature winding and the 
average of the values given for x, the stator damping factor per 
phase comes out about 0.136 which agrees well with the values 
found from current wave calculations, this, however, need not 
be the case always. 


VI—EFFECT ON SUPPLY 


In the tests described, the alternator was driven by a 50-kw. 
d-c. motor. Power was supplied from a 100-kv-a. engine-driven 
a-c. generator which, through three 20-kv-a., 2300/240-volt 
transformers, fed an induction motor directly coupled to a 35-kw., 


Fic. 7— RECORD OF GRAPHIC Warr-HovuR METER ом 100-KV-A. 


ALTERNATOR WHICH SUPPLIED POWER FOR SHORT-CiRCUIT TESTS 
Momentary inciease of load due to sudden single-phase and three-phase short circuits 
is about 18 kw. That due to permanent short circuit is about 6 kw. 


d-c. generator; the latter furnished power to the experimental 
Set. 

No special tests were made to determine the effect of short 
Circuits on the driving motor, but the records of the graphic 
watt-hour meter on the 100-kv-a. alternator seem to be of suffi- 
Cient interest to be included herein. Аз seen from Fig. 7 the 
alternator was carrying a load of about 30 kw. when the short 
Circuits at the other end were thrown on; at each short circuit 
test there is a momentary rush of nearly 20 kw. for three- and 
Single-phase short circuits. The momentary rush due to per- 
manent short circuits seems to be about one-third of the value 
given above. 

It may be noted that any difference that may exist between 
Single- and three-phase short circuits could not be determined 
with this scheme. 

The above are mainly of interest in connection with the Chi- 
cago tests, mentioned before, which seemed to show that the pres- 


+ ” 
. 


Yy 
‘* 
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ence or absence of steam in the turbine had no effect on the re- 
tardation and short circuit current of the alternator. 

The above experiments were made at the Rice Institute, and 
it 1$ with great pleasure that the writer wishes to acknowledge 
his indebtedness to President E. O. Lovett for the encourage- 
ment and moral support received during the progress of the work. 
The writer is also very glad to take this opportunity and acknowl- 
edge his indebtedness to Dr. E. J. Berg, for not only what he has 
received directly, while working under him but also for his in- 
direct influence and suggestions. Great thanks are also due to 
Mr. М. J. Foster for the interest he has taken and to Mr. Н. К. 
Humphrey for valuable assistance and cooperation in installing 
machines, etc. 


VII—CRrITICAL RESUME AND SOME CONCLUSIONS 


It seems fair to conclude from the above that although the 
phenomenon of sudden short circuits of alternators 1s exceedingly 
complicated it is possible to reduce it to rational theory and cal- 
culate it with a fair amount of accuracy. 

In case of three-phase short circuits the average values, 
0.15 for the armature damping factor, а., (Table III see also 
section IV), 0.0093 for the field damping factor, œs, (Table III). 
0.86 for the armature 1mpedance or reactance per phase, (Sec- 
tion V). obtained directly from short circuit oscillograms by 
means of methods developed in sections IV and V, compare very 
favorably with the average values of 0.141 for the arm, damping 
factor, @, (Table II, section II), 0.0095 for the rotor damping 
factor, а;, (Table I, section II). 0.78 for the armature reactance 
(Section V), obtained by other methods without short circuiting 
and subjecting the machine to dangerous tests. 

The comparative values of ағ, 0.15 and 0.14 agree even closer 
if the value of 0.13 found in section IV under heading 2, is taken 
into consideration; however, the latter value is probablv a little 
too low and іп any case the agreement is satisfactory. 

What may be called the initial values of а; and o4, obtained 
from the first cycle of actual oscillograms are higher (see Table 
III etc.) than the average values. "This, however, 1s as we might 
have expected since during the first sudden rush of current, no 
doubt, the eddy current loss 1s higher and the leakage reactance 
somewhat lower than for subsequent cycles, and both these 
effects would tend to increase the attenuation coefficients. 
This is also observed to a certain extent 1n the rise of direct cur- 
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rent in the field and armature. But on account of lack of more 
specific data on damping factors obtained directly from oscillo- 
graphic records it seems best at present, to use the average values 
which as seen before will give satisfactory results and have the 
advantage of being on the safe side—will indicate less damping 
than may actually be the case. 

The reason for these discrepancies and troubles is the presence 
of iron in the circuit, but it seems impossible to take account of 
the change of permeability and saturation in the equations. In 
time, corrections may be introduced to take account of these 
factors, but not until we find out more about the subject in gen- 
eral. 

The case of single-phase short circuits, between two terminals 
ог terminal and neutral, presents considerable difficulties and 
peculiarities which cannot well be accounted for theoretically. 
The latter seems to give much higher current rushes than a short 
circuit between two-terminals. It would be unscientific from 
the comparatively few data on one machine to draw general 
conclusions or attempt to revise the theory to fit the facts. In 
this connection it must said that although the same method of 
calculation outlined in the beginning of section IV, for three- 
phase has been applied to single-phase short circuits (see Tables 
IV, V and VI), this involves considerable approximation as 
indicated by Boucherot’s equation, which being rather involved 
was not included. 

It is outside the scope of this paper to take up in detail any 
practical applications of the above; however, without unduly 
lengthening the paper it seems very desirable to consider the 
following important points: 

“Тһе maximum rush of current," as obtained from an oscil- 
logram is a rather indefinite term unless the corresponding value 
of the phase voltage wave is given and in referring to short 
circuit currents one should not lose sight of this fact. In regard 
to the ‘‘ maximum possible current ” that an alternator will give 
in case of sudden short circuit, which is the important quantity 
referred to in specifications, etc., it may be defined as the current 
which a machine will give when suddenly short circuited (at its 
terminals or through a certain reactance) near the zero point of 
the e.m.f. wave and when the first current half wave lies entirely 

on one side of the axis. Theoretically this will occur very near 
the zero point of the e.m.f. wave and by taking records of both 
e.m.f. and current a good check is obtained. This maximum 
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possible value should be expressed in per cent of the maximum 
(not effective) rated full-load current of the machine. Further- 
more, in case it does not correspond to the normal voltage this 
should also be given in per cent of normal (no-load or full-load) 
voltage; thus referring to Table III, it can be said that, according 
to oscillogram No. 82, the maximum possible current is 1114 per 
cent ог 11.14 times normal full-load current and according to No. 
81 it is 1071 per cent or 10.71; but for oscillogram No. 104 it is 
728 per cent of 7.28 times rated full-load current at 70 per cent 
voltage, so that approximately it is 728/0.70 = 1040 per cent 
at normal voltage. 

In commercial tests, if such are made, the alternator should be 
short circuited with as near normal excitation as possible, and, 
then the current may be taken as proportional to the voltage. 
However, even if tests are made at full ficld excitation it will not 
happen very often that in a few oscillograms taken at random the 
switch will close at the point of the e.m.f. wave giving the maxi- 
mum possible current. In such cases o, and а, сап be calcu- 
lated by means of the methods described in section IV, and 0, 
the angle at which the switch closed measured on the oscillo- 
gram; by substituting in (6) (A + B) can be determined and the 


maximum possible current will then be 


(A + В) (e^*i + Е а *) or, (38) 


iap 


(A + B) (1 + є") (39) 


This method, however, is tedious and apt to prove unsatis- 
factory as it involves the determination of 06). A better method 
consists in taking the sum of the first two crest values of the 
current wave, whose absolute values will be given by the 
following expressions: 


Ist half wave = (А +В) e72« 9-% cos 0,-- (A є- = -% +B) (40) 


2nd half wave = — (A + B) є- «a @+¥-4%) cos 0,4 (Автаҙ 0@++—) 
+B) (41) 

Consequently the sum of these two will be approximately 
2(A + B) since the field damping factor is generally quite small, 
compared to the stator damping factor, аа, and further, the fact 
that the first term of (40) is larger than the first term of (41) as 
compared to the second terms of the same expressions, will 
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considerably offset the approximation we have made. However 
it is easy and preferable to determine o; and make corrections by 
neglecting 0, and assuming the sum of the first two peaks to be 


2A жы vm T E 


instead of 2 (А + B); having thus determined (А + B) the maxi- 
mum possible current, imp, 15 


Ut ADAE ee) (39) 


It is obvious that the sum of the maximum ordinates of the 
first two half waves is only trifle too large than (39) which is very 
nearly the true value of imp. Thus Мг. Е. D. Newbury" has pro- 
posed the empirical rule that imp for practical purposes may be 
taken as equal to 0.9 of the above sum. This is a fair approxi- 
mation but it is empirical, at its best, and a universal constant 
like 0.9 is not apt to give correct results in all cases. Therefore, 
the rational method proposed herein, or, another very good empir- 
ical method, which however will be shown to be rational, pro- 
posed by Mr. A. B. Field!! and as modified by the author is to be 
much preferred to Mr. Newbury's method. 

Field's method is as follows: Referring to Fig. 6 draw on any 
given oscillogram the smooth curves ab and cd through the crests 
of the current wave and measure their intercept on the Y axis 
for the instant of short circuit by extending them back; this 
intercept multiplied by the ratio of c' f' to cf will give the maxi- 
mum possible current.. 

As shown in section IV, the ratio proposed is simply €?%;* 
and therefore it is well to simplify the method by taking the sum 
of the first two peaks, which will be equal to (40) plus (41) and 
multiply this by (c'f'/cf) = €-*i * which will probably give slightly 
large result. If this same sum be multiplied by 

(c'o' — o'f')/(co — of) = €-*«* 
the result will be altogether too small, and if no correction be 
applied, as indicated before, but it is multiplied by 
1 сее) = 1 + €-*e* 
(5+5=2 бі 2 


the result will be slightly small. 


10. Elec. Jour. April 1914, p.196. 
11. Trans. А. I. E. E. Vol. XXXI, part II, p.1648. 
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The maximum possible current can also be determined without 
subjecting the machine to any short circuit tests by determining 
the stator impedance first by means of such a method as given in 
section V. Then 


_ maximum phase volts before sh. circuit 
armature impedance (reactance) per phase 


(1+ є-° *) 


Imp 


where the damping factor а. can be determined by the method 
given in section II. | 

So far as it can be judged from the experiments given herein 
this method will give just as reliable results as short circuiting the 
alternator at random and then determining from records the 
maximum possible current, unless the switch happens to close 
at the zero point of the e.m.f. wave. Further, in actual short 
circuit tests, unless external reactance coils are used it 1s not, as 
a rule, advisable to subject the alternator to a short circuit at 
normal excitation and in the absence of a better rule it is neces- 
sary to make the assumption that the current will be proportional 
{о thee.m.f. Sothat actual short circuit tests do not always solve 
the question of what is the maximum possible current in any given 
case: there will usually be considerable gap between the two which 
has to be filled with assumptions, therefore the method given 
seems preferable. 

Finally there is one point that it is desired to bring out be- 
cause it is believed that it has not been considered or given suffi- 
cient attention before; that is the beneficial effect of resistance 
in helping to damp out and reduce the short circuit current of a 
generator. 

Of course, reactance coils constitute the economically and 
theoretically correct solution of the problem of reducing short 
circuit currents; this, however, need not necessarily involve the 
complete elimination of iron from such coils, since there are ad- 
vantages and disadvantages in either case. Thus the question 
arises whether the introduction of iron into reactance coils 
might possibly, in certain cases, at least, offer enough advantages 
to offset its disadvantages. The most important advantages being 
the practical elimination of stray magnetic fields and the re- 
duction of short circuit current by РК losses and also eddy cur- 
rent and hysteresis losses which would automatically increase 
under short circuit conditions. 
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To illustrate this point consider a 12,000-kv-a., 9000-volt 25- 
cycle turbo-alternator having the following characteristics: 
Resistance 0.04 per cent, reactance 6 per cent. The maximum 
possible short circuit current will then be 30 times full load nor- 
mal current if no external reactance coil be used, and 17.1 if 5 
per cent external reactance be inserted; if now 3 per cent re- 
actance and 1.2 per cent resistance be introduced the maximum 
current will be 17.3 times normal current or the same as if 5 per 
cent reactance had been used. Which of the two schemes is the 
more practical and economical one is a question too important 
to be considered here? Аз mentioned before, it is only desired 
to call attention to the beneficial effect of combining a small 
amount of resistance with reactance and the possibility of ob- 
taining considerable automatic increase in the amount of the 
former under short circuit conditions. 

In conclusion, the writer is well aware of the incompleteness of 
the paper in that many important questions in connection with 
the subject of sudden short circuits have not been even touched 
upon. However, some of these are being investigated, and 
must be reported later since it is not possible in a single paper to 
cover the several different phases of such a broad and complex 
subject adequately. 


VIII—DEscrIPTION ОЕ APPARATUS AND LisT OF SYMBOLS 


Machine A: 45 kv-a, 480 volt (278 ‘across phase), 1200-rev. 
per min., 60-cycle, three-phase alternator with squirrel cage 
winding, and equipped with exploring coils as follows: 

Coil No. 1 full pitch on top of the slot. 

2 2/3 * ки u а & « 

3 full at middle of the slot. 

4 2 /3 « & & & & « 

9 full pitch at bottom of the slot. 

“ бо /3 “ « “ « u « 

full pitch rotor exploring coil оп the face of the pole frame. 
Winding: ordinary 2/3 pitch, half coil lap winding. 

Exciter: 3.5-kw., 110-volt, compound-wound generator con- 
nected right across alternator field terminals and in parallel with 
а non-inductive resistance of 150 ohms and in some cases 300 
ohms. | 

Shunts; three 50-millivolt 100-ampere non-inductive shunts 
were inserted in the terminals A, B and C of generator in order 
to take armature current oscillograms. 
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D-c. Generator: Low voltage generator to calibrate oscillo- 
graph vibrators and supply d-c. to the stator for experiments 
of section II. This was rated at 3 kw. and 500 amperes. 

Machine B: 37.5-kw., 240-volt (139 across phase), 1200-rev. 
per min. 60-cycle, three-phase alternator having ordinary full 
pitch lap winding. 

А = E;/Za nearly; sce also equation (4) 

В = Ez, = Ipa = normal or permanent short circuit 

current. | 

(А+В)= E/z, = maximum short circuit current that would be 
obtained for a symmetrical wave assuming effect 
of а; to be negligible. 

Е = (Е, + Е.) = maximum value of phase voltage before 

short circuit. 
E, = transient part of E corresponding to (Ф, — 4,4), 
(section I.) | 
Е, = permanent part of E corresponding to 9,4, (section I). 
1а = transient armature current. 
Та = d-c. used to calibrate oscillograph vibrators. 
Iq: = final value of direct current in the stator (section II). 
ig, = instantaneous value of Т. 
I, = field current of alternator. Also final value of îy. 
1; = instantaneous value of current іп the experiments on 
| rise of field current (section II). 
рт = maximum possible short circuit current. (For details 
sce section VII). 
ip = permanent short circuit current. 

f, — resistance of armature (per phase). 

Ха = reactance of armature (per phase). 

7; = total resistance of the field spools or of the field struc- 

ture. 

ху = total self-inductance reactance of field or total leakage. 

reactance. For details regarding fa, Ха, ry and х; 
(see section I.). 

2, = armature impedance (see section I and section V). 
armature damping factor (sections I, II and IV). 
field damping factor (sections I, II and IV). 

phase angle between armature phase belt and field 

pole at instant switch is closed for rise of current in 

armature or field. 
9 = electrical time degrees = 2 7 ft. 
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Fic. 11 
І Oscillogran No. 57—Table II. First: 60-cycle timing wave; second: rise of voltage 
across the aiternator field terminals, also 115 permanent value; third: rise of direct cur- 
rent, fde, in the armature, also its permanent value, Ide 
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Oscillogram No. 56—Table II. First: 60-cycle timing wave; second: rise of voltage 
across the field terminals of alternator; third: rise of direct current, igc, іп the armature. 
At the left the permanent values of the last two waves are recorded with a slower film 
speed. 
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Oscillogram No. 53—ТаЫе 11. First: voltage across alternator terminals—its zero 
line is the second straight line from the bottom (it is seen to remain constant during the 
rise of #;)second: reference 60-cycle timing wave; third: rise of direct current, 7, in the 
armature, bounded by its zero line at bottom and asymptotic to its permanent value /. 
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Oscilogram No. 101---Table III. Three-phase short circuit. First wave: voltage 
across one phase; second: current in same phase; third: voltage in search coil No. 1. 
Third straight line is calibration current, 1/51, 293 amperes. 
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Oscillogram No. 100--Table 111. Three-phase short circuit. First wave: armature 
voltage; second: armature current; third: voltage of search coil No. 6. Second straight 
line is calibration current, Id, 301 amperes. Compare third wave with one given in 
Fig. 14. 


[DIAMANT] 


Fic. 16 


Oscillogram No. 98—Table III. Three-phase short circuit. First wave: voltage in- 
duced in search coil No. 4; second: armature current; third: phase voltage. Second 
straight line is calibration current, 101 = 298 amperes. 
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Oscillogram No. 117— Table III. Three-phase short circuit. First wave: rotor ex- : m > 
ploring coil voltage: second: armature current; third: phase voitage. First straight ° “%-4 A 
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Oscillogram No. 108—Table III. Three-phase short circuit. Lower wave: rotor 4 
search coil voltage; second: armature current wave. Third straight line 15 calibration la 
в ә „ә , ~ 
current. This shows clearly how the rotor search coil voltage is unsymmetrical with Y А 4 
respect to its zero line; also it shows the frequency to be six times the machine periodicity, . 
probably corresponding to the SIX phase belts per pair of poles. { у 
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Table IV. Single-phase short circuit. First wave: voltage of 


Oscillogram No. 134 
rotor exploring coil; second: armature current; third: voltage across one terminal and 
neutral. First straight line, calibration current, 1.) = 307. Note slow decay of first 
wave. 
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Oscillogram No. 139— Table V. Single-phase short circuit, neutral in. First wave: 
rotor search coil voltage; second: armature current; third: armature voltage. First 
straight line is calibration current = 300 amperes. 
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Oscillogram No. 173—Table VI. Short circuit on one phase only. First wave: volt- 
age of the phase; second: voltage wave of search coil No. 5; third: armature current. 
Second straight line is calibration current, [с] = 320 amperes. Note change in wave shape 
of stator exploring coil voltage and very slow decay. Compare, for example, with three- 
phase short circuit. 
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voltage; second: armature current: third: field current. Second straight line. calibra- 
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175—Table VI. Short circuit on one phase. First wave: armature 


tion current, [с], 322 amperes. 
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-Table VI. Short circuit on one phase. First wave: armature 
voltage of exploring coil Nò. 1; third: armature current. Second straight 


line із calibration current, Id, 319 amperes. 
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Oscillogram No. 79— Table III. Three-phase short 
circuit. First wave: rotor exploring coil voltage; 
second: armature current; third: phase voltage 
Second straight line is calibration current, /с] = 199 
amperes. First wave shows clearly the great trouble 
experienced with ordinary brush contact on account 
of verv small voltages induced in rotor exploring 
coil; these were eliminated after considerable per- 
sistent work. 

Fic. 29 

Oscillogram No. 145—Permanent short-circuit 
currents at normal field excitation. Resistance in the 
vibrator circuit of the oscillograph same for all waves. 
First wave: stator short-circuited at terminals A, B 
and neutral; second: at terminals A and B; third: at 
terminals 4, Band С. In bottom two waves stator 
short-circuited at 4,B,C and neutral; their amplitude 
[DIAMANT] issameasthatofthethird. Calibration currents are 
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275 and 278 amperes. 
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t (section I). 


on I) 
фа = flux in phase A of a two-phase alt. at instant of short 


as referred to the phase voltage wave. 


$, — flux in the armature under normal conditions. 
Pps, = flux іп the armature under permahent short 


(secti 
circuit (section I). 

фь = flux in phase B of a two-phase alt. at instant of short 
circui 


DIAMANT: SHORT CIRCUITS 
6, = time degrees at which short circuiting switch closes 
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ARC PHENOMENA 


BY A. G. COLLIS 


ABSTRACT OF PAPER 


Increasing developments in electric transmission systems 
impose correspondingly increased duties upon switchgear, and 
therefore a study of the arc phenomena accompanying the 
rupture of circuits in oil switches becomes of growing im- 
portance. The paper describes a number of experiments made 
to determine the influence of differently shaped arcing contacts 
upon the disturbances following rupture of an a-c. circuit, 
and various theoretical considerations are discussed with a 
view to modifying the design of oil switches so as to increasc 
their rupturing capacity and thereby eliminate auxiliary de- 
vices with their added complications and expense. Тһе use 
of reactors is also considered in connection with the rating of 


oll switches. 


INTRODUCTORY 
DVANCEMENT and improvement in the development of 
electrical transmission necessitates more rigid research 
work and investigations on designs of switchgear, in order that 
the more effective may be their relative capacities. 

In this connection great credit is due to the members of the 
American Institute of Electrical Engineers, who have pro- 
vided us with records which have been a source of great help 
and assistance to those who have been less fortunate in making 
the necessary researches for studying “transient electrical 
phenomena." | 

There is still a large field of research work to be done, before 
definite conclusions can be formed, in conjunction with practises 
that we are now leaving behind, apart from the developments 
that are now being put into operation. 

One of the most important fields of science is that which 
deals with “агс phenomena" occasioned by the duties of switch- 
gear, which form such important links of an electrical trans- 
mission. | 
. In my previous publications, such as “ Breaking High- and 

Low-Potential Circuits," “ High-Tension Switchgear,” “ De- 
gradation of Accumulative Energy," etc., there are oscillograph 
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records of the effects produced by opening moderate currents and 
voltages, such as are met with in every day practise. This paper, 
however, traverses and deals with investigations on critical 
phenomena obtained from circuits of much larger dimensions, 
with further details as suggested by the title, hitherto not 
included in my previous records. 

As the formation of the arc in oil switches becomes the critical 
point of an oil switch, and as the necessity of more effective 
ruptures for the increased kv-a. capacities becomes more ap- 
parent, the first portion of this paper contains some research 
work which is submitted to you as an introductory for further 
unexplained phenomena on this important question. 

It is suggested that the nearer science solves the question 
of harnessing the forces liberated in disturbed areas, the 
provision of artificial links in the chain of a transmission 
will decrease, reducing this source of additional danger and 
trouble. There is no doubt, as practises improve, auxiliary 
devices will gradually be removed, reducing capital expenditure 
with greater efficiency. 


Arcs ім А-С. Оп, SWITCHES 


Herewith are illustrations obtained by photographing the 
arc formed by opening a-c. circuits under oil, and attention is 
directed to their various shapes caused by special forms of con- 
tacts. 

For the purposes of these experiments the same switch was 
used in every case, fitted with different contacts as shown 
below. The photographs were obtained by using a camera 
and intensifier, the shutter of which was directly connected to 
the operating mechanism of the switch, one side of the switch 
case being fitted with a transparent flexible partition revealing 
the arc disturbance. 

Fig. 1 tllustrates the arc formed by rupturing a non-inductive 
three-phase circuit, 6600 volts, 200 amperes, (r.m.s.) at unity 
power factor. The oil switch contacts (Fig. 2) operated in a 
vertical plane, the total length of break being 101 in. per phase. 
It will be observed that the shape of the arc is an ellipse, 
its greater diameter being directed horizontally towards the sides 
of the tank. It is therefore obvious that, where a heavy head 
of oil is essential for the purpose of damping out the arc effec- 
tively, equal proportions for safety must be incorporated in 
the distribution of forces through which the strain is directed. 


д ———Ы—ыы— —— ——— —— 


[corr is] 


[corLis ] 


PLATE CXXXIV, 
А. |. E. E. 
VOL. XXXIV, NO. 9 


Fic. 


[corLis] 


[corris] 


т” 


* 
‚ 
4 
- 
< 
> 
` 
= ж 
=. 
- = 
> 
ай 
n 
> 
2 
= 
я 
= 
è 
> 
= 
а 
" 
E 
Li 
. 
> 
.. 
* 
. 
>. 
з: * 


ac: COMI wees 
я . 5 ... 1 .. > 
. 2%. 1. 
. p = 
- Е 
. № - * * 
> . A 1 - 9 
-= % “ a 
> as ” 
- - ' 
- т ж o ". 
2 . * 4 my 1 
ға è > - ет 
ж B 5 * @ ы у Г = ! 
v * 2” . 
- La И. . ae г 
р " нь * Е 
. г; .. 4 е - 
. am * * 
a = hy А " ж 
-- .- 7 4 ч - % 7 - 
Г ^ - Е а 
қ * > т » . e 7] 
LI 4 8 27 .” 4 "1 
"9 . » 4” „* 
" Г 
% z - oa s2 p " 
~ 2 . > , 4 , 7. 
... 3 * я м > 
2 ” ^ * o. ч. ғ” 
, "2 = ` se =” -. Р 
. қ ә CA ” 
+ - 
а ‚ ‘ J * 
Е: * et" а ж 
.. - % > >> b 
РУ Гэ - - 
» ы . - . е p 
. S NEM! қ - i ^ 
$i LS .ч - .. 
> - > 
LS - 5 Mec Xs 
° . - 
- - ^. = %- ам 
- % . - ә " 
А ERS 2 — got 
а a - „=, 
е » d “ ^ " э Е 
“ > 4 eot 
» * "t 4 b -“ . 2 % “+ - 
- $ 2%. «4 2. ad 
* è ` ч m - y ас” > * 
а “~ 4 1 ` ЕТ .. t ‚ г 
- ? .. m “. Ы 
E « ә» А t 4 Р - : ... 
4 * d a»? ' 
.¥ £ “+ ? » 
iT : . 4 oc 
“- > m "ab » . 7” 
эе pp с 6 M ” - i 
”. 5 , ч 5° 
, - ~ | 
% . .- ind 
. РЕГ че . > > - 4717 
. 4 2 5 
6 * 
| ~ б» ‚ > Ж 
" ч T ы 
* . 5 е " * - е 4. 
Ы ù i= 4 z 
.. " } b? 
2n = 
.“, .4- E > > „і "- 3 2” 
р: 3, à я = i 
s^ ow» d 2 i š - , 
А ' "= i - в. 
LJ т: _ > 
‚№ ТАС e *. i "a. = 
. RIT Ё * . 
. .. , ы .. = 
% КАА... $ Ағ. d : 
“ gius Ей ' а: Li a М 
^ à uds 4 -* T1. 
“ ? » ` .% < ы ~ 
Se Г " " 
^ » г» * 
е * < b Ж, 
„Ж, 5 “ =? Р * 
$ і 
` » i? „= в 
° ` * “ ы " 
є + 
-е Ы е = - 
" =. E 7? » i 
" . * “ - 
, -. . T7857 Б . . 
> ° .” ы ” е i gF 
ьч ° T - , 
4, « 
р 4 » * ы? 
.. t % „> ] fu * * 
қ 2. 
2 а “5: rq .. ” „+ 
> . * - 
I » + 
> % - 
LT " * t - ы 
* ө. . ” ° 
, "j= 4 : ms 7% 
E * ы - % Р 
* А 4 * * % 
“ г 5 * 4 xX 
» | - б +» 
" ғ a - e ба > N * 
“” - * E " . ә 2 b + 
s ^ - “ v 3 
È „ к - > І 
м À 4. 6-0 б», 4 
. .4. 4 . м 
Т 4.4 i4 
< .  . T * “. A 
- . ( P . > 
^ з - З B P e ч 
а = < ' 4 ы ' 
"э a А - - » 
” и’ № ы + ~ 
. Lj > 
. .. . ы. a ч. 
. 
> » ‘ fa * “4 
Le » D - 2 
* г: p Da 
м % P 9-75 . ы ? 
* `“ % " ° 
`- ^" o» ы 
8. 6 > ”а 
m 2 “ 
; * г [" 
5 P" 9. + k 
. . LI - ” 
.... 9 r = e . 
1, .. % 8 Г 
. 1 "о. - 
` Lug “Т > 1 е , 
. 78. > Г] » 
3 3 23.4" 4%” ” в ыы 
. 
a D uw 
. . t P > 
‘ +» т 
> . E е 
> ` 
B « " ? М 
» e 7 » 
' * 
= 5 . * C4. 
^w "^ > 
е * . Р 
* * 
т » ` 
е , * LI 
' n L 
е - 
' .; 7 - 
"Fb « > - . 
Е ? . ? ТМ 
ә 9" а * 
. , - 
i "- be. Y А M ” 
к 1 .. - 
ч . 
LI - „ > 
~ m * ., К » 
\ Р : 4 б 
Li 
-% Р . 
ге 4 - r * ` 
* 
5> * у. v ы ” 
$ TE . , 
2 ` 
. S “. +. 
ГЕ 4 ч ( 
me * b = у 
7 * e 6 
. № “ . 


^. 


ТЖ 


Fic. 9 


Fic. 


17 


[COLLIS] 


PLATE CXXXV. 
А iE. t. 
VOL. XXXIV, NO.J9 


[COLLIS] 


[corr.is] 


[corrirs] 


ө ” .. 48 » =" | 
„= _ 
э” " "PR. M ‚ { 
+ > 
i b. 
- = 2. 
" i + Е 1 
2 LI e * 
: 21517 - Ты. £T а 
ж " ^ - . BC 
Г qie LE] 
- > . ” ж” 5 E 
- к Р 
” e Pp i -- ж " " 
” ы g 
ж D 
- Ч - A x Е E * E { ә“ 
E > Е = _ " М 
- Bl 4 т à TE H 4 
4 4 RM К % 
” I » 
> = ~ + ' 4 ” 3 ” te Е 
B = M 8 TX oc ы 
4 = * s. ? Ld 
i 4 | IT x 
в ` 3 
" ж Г > 2 
- ч а э М. т - 
4 ae TIARN y 
7 - . 5 vos p= 
в = 
LU Е ~ =. - 
- = > - ^" К _ " 
» "- | v. ~ 
= чо Аһ 4 
- 1 Е .7 ` = 
е “ * - ZZ. 
ө м . . - od 
= g F 
- A 7 * " 4 hd » qe: » 
р ЕГЕУ: RETE [UE 
- d 4 4 4 pe 
, — E > , 7 
- 4 + ғ, .. 4. = м 
” .. - тә E 
” ” >» 4: 4 „к= ` 
w e ж. ... "P к » ' 
к P | е, > 
е, 5 * 2 ty X. 4 
" s i - Е т * 
E - a e. La Ес 
- ж a 2.7. UR A of 
> “ы 4 EFT? =” 
>: 17 E > = $. Р 2 - 
, Р 4 .. “> 4. - ? 
" d H ~ ". < 1 
' > - p- 
^ , ‚ ө » _ D 5 . 1 
> , 274 T ! I4 > 
2 Gur | e ” 
I А а -i 4 
. ^ | 
* > 7 ` Е - 
- .” + a A - = 
> * T yr 4. т LI . , 
“ < “ыу ` Р E " | 
э » | ' .” = T k y 
, ж c > Е » 
.. = ч „ WE LI 
e Е .* J- .. rr 
Е > a, » * 
% 2 ғ 4 даб A Р ( 
> R " к . Р = 
Ls . Е 7 . 
"- ж [| Р _ 
№... È, x ` s : 
= 9 E " 1 4 3 
“ e * » 
иг. 2532 d 
. * > . ° 9 - К“ 
| . 2. .%; ” r 
я Г , .. ^W.» s 
» t " е ^ i å ’ « 
" .. = ж . a; 3 +.” " 
о ү. "i i H 
1% я » „а >. 4 “ 
$ ж 
b * .. » 
* 3 n " ә е 2. 
^1 ‚ 5: 2 » " -> * 
- * + . 27% 
* . e i »" Р . > > 
r Е - » AZ , $ 
> 4 А " 
LJ v “ ә? Е У. > 2 к 
ж A4. ГУ - Ж 
<. 7 
» 
б: '- * " 4” 
Е = s ... i 
° T. 498 + * 
ж = * i P 4 
> ө ° * 
‚ > * . Б“ ”, 
к ж 
” 4 . ч ‹ | 
* _ .. b ө А Va 
- > > Е 
Ы] ж ” " 
Е 
” - . '* ө > Е 
” “ Е е) 
ж Г 2 Е 
- "e ж 5 » » 
H " * 
Е 
ә * ж 5. % 4 І 7 ~ ” 
7% "m “ » у 
. , . . E - " 
Қ” m - е7 е Е 
* 1 „ = : 194 Р + , 
- 
" > * а t >. ч Р .- 
~ * Р є „* - 
” 19 *. ‹ - 
“ ' ” , 
= 2. " 4 * 
” | 477% - 
* * 
” 4 ! m 
Db E 
- " * 
- e = “г є 
b e 2 « 
, Е ? - 
. B , еч ^ = 
4 . Tda- | & i 
. и. и 
> Е » > 4 e E 
'. .. а 
* * Е " " е 
^ & 2, 2. ” ъ e 2 Р el ө 
^ е " -- 
" в eX * * т 
7,” * - ғ Y 
. А 
. 3 > 
” 2. 
: * * 
4 - n 
' ” | - e " 
» m ' * у 
s ь ^w / {> 
сер ЗОО] 
Digitized Ат J 
5 ` . * Ya $ 
7 } 1 


1915] COLLIS: ARC PHENOMENA 2083 
In nearly all the cases of switch bursts that have come under 
my personal observation, the damage is more apparent on the 
sides of the oil tank, following the direction of the flow of the 
current. Front or back explosions are not so prominent, which 


may, of course, be due incidentally to the relative positions of 


the arc contacts, and it is for this reason that the photo plate LH B 1T VES 1” EE 


produces the shape of the arc where it was felt its effect would be 
most severe. The shape of the arc follows the shape of the 
arcing contacts, and there is no doubt that the disturbances 
following rupture are directly related to the shape of arc con- 
tacts as will be commented upon later. 

Fig. 3 illustrates the formation of the arc, in oil, by ruptur- 
ing a three-phase 6600-volt, 220-ampere (r.m.s.) inductive cir- 
cuit at 0.9 power factor. 'The contacts used in this case were 


Fic. 4—SoLiD WEDGE FORM OF 
CONTACT 


Fic. 2—BrusH LAMINATED 


of the well known “ wedge ” form, Fig. 4. The rupture in 
this case is slightly more severe than in the case of Fig. 1, and 
the arc is slightly larger. The pressure in lb. рег sq. inch 
was 75, as per table herewith. It will be understood that the 
effects of explosion depend to a certain extent on the position 
of the wave at the time of opening. No oscillograph tests were 
taken at the time when the photo plate was exposed to the arc. 
The tendency of the arc in this case is to turn upwards when 
directed outwards, and is of the “ heart shape" variety. Several 
designers, in order to quench the arc more effectively, have used 
artificial ‘‘ arc dampers” placed in a diagonal direction over the 
forces of explosion to press the oil over the neighborhood of 
the rupture zone, from which it would appear that they con- 
jectured that the greatest strain during the rupture appeared in 
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this region. These illustrations confirm this opinion. On the other 
hand, some engineers appear to consider that the arc damping 
fluid should be forced on the rupture zone from the vertical 
position, 1.е; directly over the center of the disturbed area. The 
result of this method is shown in Fig. 5. 

Fig. 5 illustrates the arc made by breaking a similar circuit 
180 amperes (r.m.s.) at 6600 volts, 0.83 power factor. The 
form of contact used (see Fig. 6) is the brush form as in Fig. 1, 
but fitted with vertical trailing arc pieces. It will be observed 
that the arc pieces were fixed at the side of the main contact 
one inside and the other outside. These arcing pieces were 
placed in this position for the purpose of observing whether 
the arc phenomena followed a natural sequence or if its arti- 
ficial creation was caused by the individual shape and character 


Fic. 6—BnuvsH CONTACT WITH TRAIL- Fic. 8—ConE CONTACTS 
ING PIECES INSIDE AND OUTSIDE 


of the contacts. It would appear as shown in the illustration, 
that the arc is influenced by the construction of the trailing 
pieces. It will be observed that the natural formation of 
an arc can be artificially directed and modified by contact de- 
sign, considerably increasing or decreasing the capacity of switches 
of limited rupturing capacity. Thus a switch with one form 
of contact and a rupturing capacity of say “ 10,000 Ку-а.” 
might be so reconstructed and modified as to have its ca- 
pacity increased to 15,000 kv-a. "There is no doubt that the 
direction of the explosive forces produced by the arc 1$ related 
to its power to withstand heavy duties, the shape and рові- 
tion of the “ arc trailers" having a relative bearing on its 
formation. 

Fig. 7 illustrates the arc formed by breaking circuit with the 
cone contacts, Fig. 8, the shape of the arc being of the 
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“ filbert character," showing the maximum force divided along 
a vertical plane. This class of contact is not so much in 
common use as those shown in Figs. 2 and 4. The shape of 
the arc though is more ideal and the rupturing capacity of the 
switch increased over those of its neighbors in comparison. ‘The 
circuit ruptured in this case had a practically non-inductive load 
of 125 amperes (r.m.s.) at 6600 volts, unity power factor. Thus 
the are should be smaller in dimensions than those shown pre- 
ceding it. Auxiliary arc dampers were provided with this switch, 
forcing the oil in a downward direction towards the seat of the 
explosion. The effects of these are shown in the illustration. For 
very heavy rupturing capacities, “ атс dampers” ате con- 
sidered necessary, and will be commented upon later. 
] Fig. 9 illustrates the arc 
L—23 formed by breaking a circuit 
of 300 amperes (r.m.s.) 6600 
volts, power factor approxi- 
mately unity. The arcing 
contacts are shown in Fig. 
10 and are known as the 
double-brush type, the oil 
being forced over the center 
of the arc zone. The illus- 
tration shows the effects of 
Fic. 10—HorLLow CONDUCTOR FOR this feature. The increasing 
Оп, BRUSH CONTACTS j | 
diagonal forces as interpreted 


from the shapeof the arc structure, with the maximum strain being 
directed towards the sides of oil tank, arealsoshown. This type 
of contact was introduced very successfully on a 20,000-volt 
transmission, but the tendency is now to use an entirely differ- 
ent form of design for high-tension electrical transmissions. 


Fig. Amperes. Volts. Lb. per sq. in. Lb. per sq. in. 

near arc. 2} іп. from 

contacts. 
1 200 6600 74 70 
3 220 6600 75 63 
5 180 6600 68 65 
7 125 6600 54 32 
9 300 6600 78 71 


The . pressures in pounds per square inch surrounding the 
arc area are given above. These pressures were obtained by 
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inserting in the tank an operating cam, directly connected to 
an external indicating instrument, as used for hydraulic 
testing, see Fig. 11, the instrument being specially calibrated 
to record pressures in the oil tank. 

Fig. 13 shows the distance rate of change declinations of forces 
directed toward the sides of the oil can resulting from various 
arc forms. The steeper the inclination of this characteristic 
the greater the rupturing capacity of the switch. 

Fig. 11 illustrates the position of the recording instrument 
used to measure such factors. 

Fig. 12 presents the result of a series of tests taken of the 


dielectric strength of oil in comparison to that of air, taken 
between needles. 


Direction of 
Flow of Current 


NCHES 
Fic. 11—METHOD OF FORCE Fic. 12—CoMPARATIVE TESTS TAKEN 
MEASUREMENT OF A-C. BREAKDOWN VOLTAGES 


Fig. 14 shows the arrangement of the switch gear for making 
the series of tests above referred to. 


THEORY OF CAVITATION 


As shown by the above illustration, the pressure and forma- 
tion of the arc is the critical point of an oil switch, and designers 
should concentrate their energies to the effective harnessing of 
its explosive features. If the mean dimensions, pressure апа. 
formation of the arcing could be so governed as to distri- 
bute even pressures in all directions, or further if the arc 
could be so controlled and directed that the forces generated 
find their maximum efficiency in its enclosed limitations, the 
resultant disturbances would be thus minimized. 

Spark effects have not been considered in this paper. They 
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were excluded for the reason that they are considered to possess 


infinitesimal value. 


POUNDS PER SQUARE INCH 


! 
| oniko 


There exists a hypothesis that an arc ruptured in oil is im- 


mediately damped out by the oil rushing between the contacts, 


and intercepting the current flow at the zero point. An analy- 
sis of the above proves that this is not the case. The forma- 
tion of the arc sets up a vaporized space around the contacts, 
the intensity of which is proportional to the volume of force 
liberated. This prevents the oil (which is of a somewhat slug- 
gish character) entering the space around the contacts. When 
the arc vapor is dissipated or 
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Fic. 14—ARRANGEMENT OF 
SWITCHING 


Fic. 13—DiAGRAM SHOWING DECLINE 
OF FORCES IN VARIOUS ARCS 


The critical value of cavitation is well known by those who 
have studied hydrostatic and hydrodynamical laws. Their 
experiences with these laws are almost identical with those of 
the men who are solving the problems of arcs in fluids. Lord 
Kelvin described them at the Royal Society in 1887 as governing 
the ‘‘formation of coreless vortices by the motion of a solid through 
an inviscid incompressible fluid." (Practical fluid differs from 
perfect fluid in that it is compressible and has viscosity). While 
the general critical value of cavitation may be identical in the 
production of mechanical propulsion by rotation and the forma- 
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tion of arcs in fluids, the created vortices are governed by 
different laws. 

The illustrations above show that the wave of explosion 
travels radially outwards with а finite velocity inversely 
proportioned to the square of the radius, the pressure 
and intensity of the fluid being everywhere the same at 
the same depth in all directions. The abnormal wave of ex- 
plosion has a considerable bearing upon the failure of a switch 
repeating identical rupturing performances. 

The larger the lateral size of the contact the greater the effects 
of the explosion will be felt. 

The volatilization of the oil and its quiescency is of importance 
in destroying a vacuum created by anarc. Alsothere must be 
as little carbonization as possible, with free convection. As 
is well known, the breakdown pressure of most gases increases 
greatly with increasing pressure, and the breakdown ргев- 
sure at a few atmospheres is far greater than that of the 
oil. Apart from cutting off a dangerous condition with as 
much speed as possible the rapidity of the moving contacts 
in the creation of a vacuum is vital in the reduction of distri- 
butive forces. | | 

It is in connection with the unknown generated gas forces 
that the rupturing value of the switch becomes more inde- 
terminate, in the case of phase displacement under heavy load, 
due to a potential existing when the current approaches zero, 
thus modifving the resultant gas formation. 

The arc fluid when subjected to pressure assists in destroying 
the created vortices, and if applied in the right direction in- 
creases the capacity of the switch. 

Rupturing the arc by a series of gaps and resistances does 
not appear to be the correct line of development, as apart from 
the increased size of the switch and the relative merits of sus- 
tained arcs the creation of a number of coreless vortices defeats 
the primary object of a switch designer. 

Fig. 9 illustrates the large amount of gas force exposed to 
the oil. It would have been thought that the oil subjected 
to pressure would have increased the exposed surface with a 
subsequent release of the gas bubbles. This is so, pro- 
viding that the pressure of the oil is conducted through 
proper channels. The current broken in this instance is 
of course much greater than those in comparison. Also it 
must be remembered that the current had been broken several 
times before a satisfactory photograph could be obtained. 
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SPEED OF OPERATION 

Under certain conditions destructive energy is generated 
in the relief of an electrical disturbance, and potential energy 
stored up in a physical position set free by physical change may 
assume dangerous dimensions. An example is the vaporization 
of gas absorbing energy by which it is liquefied. The quality 
of explosion is directly related to the speed of operation and 
ive laws. It is when there is no relationship between the 
transient conditions of circuits under different degrees of oper- 
ation that its conversion follows different treatment. 

It is obvious that a circuit in a dangerous condition should 
be relieved as quickly as possible, but such a circuit having 
appreciable inductance, if rapidly opened, may give rise to 
abnormal potential stresses. Observation have indicated that 
this potential may reach a value of seven times the normal. ' 

Oscillograph records already published show a current in- 
crement on short circuit at the rate of $850,000 amperes 
per second, but it must not be overlooked that if a short circuit 
can be disconnected before the current reaches a dangerous 
value, the rise of pressure may not be excessive even with a 
rapid break. Thus the instantaneous opening of a short cir- 
cuit does not necessarily interpose abnormal potentials. 

In comparison, a quick-acting switch must have a greater 
rupturing capacity than those of the slow type, their rates 
being, within limits, proportional to their time elements. 

The opening of a switch follows the period of maximum 
disturbance and a certain amount of time must elapse before 
the circuit can be disconnected. Тһе time taken by a positive 
relay for automatically tripping the switch from a power sup- 
ply in the operation of independent of the system averages 0.4 
second. The time occupied a gravity oil switch with a five-inch 
break per pole per phase averages 0.6 second. So that, in all, 
the switch reaches off position in a second. The time elapsed 
between the parting of the main and auxiliary contacts (as- 
suming brush contacts) averages 0.2 of a second; thus, by 
multiple breaks the rapidity of a circuit may be correspond- 
ingly increased, and for heavy duty at high pressures the mul- 
tiple break is becoming a necessity. 

There is a mechanical difficulty in making a multi-break 
gravity switch where all the contacts should make or break 
at the same time. In Fig. 15, 16, and 17 peaks appear in the 


e.m.f. wave of the oscillograph record showing the result of not. 


opening all of the contacts simultaneously. 
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These three records were obtained on a 6000-volt 50-period 
circuit having a running generator capacity of 16,200 kw., the 
phases being short-circuited at the end of a 1900-yard under- 
ground main feeder. The maximum currents were 2300 am- 
peres (r.m.s.). The switch, which was of the double-break, 
gravity, time type, opened the circuit in 23 periods, this being 
considered a very rapid rupture. 

The key diagram of such tests is shown in Fig. 18. 


Figs. 19 and 20 contain the oscillograph records made Бу · 


opening a short circuit between phases, on a 5000-volt, 25- 
period, a-c. system having a resistance in the circuit limiting 
the power to 10,000 kw. This resistance consisted of iron strips 
mounted in an iron frame, and was connected to the source 
of supply by a three-core 0.15 sq. inch section cable 1000 yards 
long having an impedance of 


2.4 ohms. ый 
LJ e 
Fig. 21 illustrates the key 
diagram of these tests. An 1900 Yards Cable 


inverse time element relay 

was fitted on this switch 

which was set to operate at C.T.Oscillograph 
20 per cent overload in five 

seconds, and on short circuit 

conditions in 0.46 second. P. T. Oscillograph 
Thus the calculated time for 
the switch to reach the off 
position on short circuit would 
be 1.46 second. 

The rate of opening, therefore, for the double-break contact 
was 1.16 second. "The oscillograph records show approximately 
seven complete periods. The current ceased to flow before 
the switch finally completed its movement. 

The rapidity with which a current may be opened may not 
be seriously considered in industrial applications; itis when 
the transmission assumes large dimensions with extra high 
pressures that this question requires weighty consideration. 
Rapid changes in a circuit containing inductance and capacity, 
in which electromagnetic and electrostatic energy is stored, 
introduce oscillatory phenomena. Circuits of negligible in- 
ductance and capacity may be switched without any serious 
results of discharged transient energy. 


Ап underground cable system may act as an oscillatory 


16200 Kw. Power 


Fic. 185— KEev DIAGRAM OF SHORT- 
CIRCUIT TEsTS 
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generator with the capacity of the cables as a condenser, the 
internal inductance of the generators as reactance and the 
short circuiting arc as a discharge. 

The extent of oscillatory phenomena brought about by 
these and other changes has been dealt with in previous publica- 


tions and are therefore omitted from this paper. 


PRESSURE RISES 


Engineers have experienced considerable inconvenience by 
the appearance of surges when closing high-potential circuits. 
Flash-overs and breakdowns in some installations have been more 


RING FEEDERS 
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Fic. 21—GENERAL DIAGRAM OF CONNECTIONS 


frequent with the closing ofthe circuitsthan those produced when 
opening the supply. The rate and rise of the rush of current 
into a circuit is well known, but the appearance of voltage 
peaks requires some examination. А series of experiments 
were carried out on a large power supply system in the Mid- 
lands by installing a series of earthed spark gaps on the end 
turns of a 500-kw. 6600-volt slow-speed motor. These spark 
gaps were adjusted to flash over at definite voltages. When 
the results were plotted, a pressure of 27,000 volts was re- 
corded by closing the overhead mains four miles long, while 
connecting this machine on to the circuit before starting up. 
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Oscillograph records shown in Figs. 22, 23, 24 were obtained 
by closing an unloaded 8000-yard, 5000-volt, 25-period feeder, 
the cable being of a three-core type 0.15 sq. inch section diameter. 
The instantaneous voltage rise is shown as practically double 
the normal, which value in itself is not dangerous, but con- 
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ditions can easily be assumed when the production of such 
rises might prove to be troublesome. 

An oil switch in itself by the nature of its construction does 
not introduce distortion in the e.m.f. wave, the rate of change of 
current being its chief contribution. The manufacture of arc-dis- 
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pelling fields introduced into some designs will, however, consider- 


ably and artificially alter the circuit phenomena. 
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Oscillograph 


lar in character to those experienced on d-c. 
In the author's book on “ High Tension Switchgear 


tests have not been taken to record the e.m.f. introduced by them, 


but they are simi 


circuits. 


Design" such effects are shown in comparison by opening d-c. 


circuits with different types of breakers. 


P iia dne vtt 4 


Oscillograph records are produced showing the effects of open- 
ing circuits with (1) carbon break, (2) weak field magnetic blow- 
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(3) strong field magnetic blow-out, and (4) oil type breakers. 
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For the convenience of readers I reproduce in Fig. 25 the com- 


parative tables computed from a long series of tests. 


Figs. 26 and 28 illustrate the nature of the arcing and the rises 


d when opening a heavy d-c. short circuit. 
tains the record of the e.m.f. and current rise when opening a 


heavy inductive load with a d-c. oil switch. 
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The comparative table under Fig. 25 shows that the in- 
ductive rise obtained from the weak field magnetic blow-out 
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Figs. 29 and 30 present a key 


c. tests referred to. 
When the magnetic blow-out field, originally designed in 


exactly in accordance with fundamentals but contrary to the 


generally accepted opinion. 


breaker is much greater than those of its neighbors, which is 
diagram of the d- 
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America, was produced in this country, considerable opposition 
was experienced against its use for the reason that it was stated 
to introduce excessive potentials by the nature of its construc- 
tion, and its strong field, which broke down insulated cables. 

The series of tests, records of which are shown in the book 
above referred to, contains the exact effects of such fields on 
the circuit and shows that the strong field produces a less 
effective rise than those of the weak field type. 

Apart from the time taken in opening the circuit the extra 
inductive rise is due to the separate coil for the production 
of a magnetic field. This coil is short circuited when the breaker 
is in the closed position, but in series with the line when open- 
ing the circuit. As there is an appreciable time taken up in 
the building of this field, which is not at its greatest density 


AUTO CIRCUIT 
BREAKER 


MAGNETIC 
BLOW OUT TYPE Д 
АММЕТЕК 
SHUNT 


MOTOR 
ARMATURE 


A 00000 
GENERATORS 


DRIVING PUMP 


ZAQ 00 


GENERATORS 
Fic. 29—DIAGRAM OF CONNECTIONS, SHOWING METHOD ОЕ BREAKING 
PREDETERMINED Loaps, D-C. 


when the arc is first formed, a choking effect is introduced, and 
the resistance being low, the back e.m.f. assumes a high value, 
so that if the turns are doubled the induced e.m.f. is quadrupled, 
the current being one fourth. If a steady e.m.f. be applied at the 
ends of a conductor of resistance R, the current does not rise 


E . 
R’ 
it takes time to reach the value since at the moment when 
the current starts to flow it brings into existenceanopposinge.m.f., 
depending upon the rate of increase, which opposes the rise of cur- 
rent. Ifthe e.m.f. be removed the current sinks to zero, gradually 
decreasing in strength, for the reason that the current value is con- 
nected with the presence of a magnetic field due to it. 

The rate at which the current dies down is indicated by the 


instantaneously to its full value as given by ohms law, J = 
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angle of inclination of the curves in the oscillograph records 
and depends upon the e.m.f. of self-induction, which is partially 
governed by the geometric form of the conducting path and the 
amount of iron, if any, in the circuit. 

The maximum pressure recorded on the oscillograph is the 
resultant e.m.f., and is the geometric sum of the impressed e.m.f. 
and the e.m.f. of self-induction. The total inductance of the 
blow-out field coil is equal to the number of turns caused bv 
unit current and affected by the rate of change, symbolized 


L =. The e.m.f. of self-inductanceis E = — @ the algebraic 


sign depending on whether the current is increasing or decreas- 
ing. 
If the e.m.f. is withdrawn and the current dies to zero, the 


S. P. SWITCH/7 


TO С. СОШ. TO P. СОП. TO C. COIL TO P. COIL 
OF OSCILLOGRAPH OF OSCILLOGRAPH 


Fic. 30— DIAGRAM OF CONNECTIONS FOR D-C. SHORT CIRCUITS 


self-induction tends to assist, but if the current be increased, 
the induced e.m.f. opposes the increase. 


KILOWATT CAPACITY 


The implied meaning of the above term is contentious. 
Academically it is understood to represent “ the compound unit 
volume of a switch." 

Special committees have been formed to discuss and arrive 
at some arbitrary decision as to what this term should convey, 
and its limitations. Up to this time no complete definition 
has been published. Subjecting this term to analytical treat- 
ment, we find variable conditions affect the capacity of a switch 
as follows: 

1. Power factor, 

2. Period of time taken in opening the circuit, 
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3. Amount of current generated on short circuit, 

4. Position of the wave at the time of rupture, 

5. Impedance and reactance of the circuit. 

The effects attributed to “resonance,” ‘“‘distorted wave forms”, 
etc. are not commented upon in this paper these being a 
distinct field of research work. 

To comment upon each of the above items in detail as affect- 
ing the title referred to would necessitate a discourse covering 
the entire field of alternating-current distribution, and this is 
not suggested, and is only intended to show the pretentiousness 
of the title. Each of the above items controls а cardinal 
point of design such as: 

1. Cavitation, as detailed before, 

Length of break. 

Shape of contact, 

Escape of generated gases, 

Capacity of arc cooling medium, 

Speed of operation, 

Disposition of forces and potential limitations. 

Leading designers therefore attach considerable attention to 
these in conjunction with the standard application of switch 
design. 

The general tendency of manufacturers is to standardize, 
and scientific treatment of problems would materially assist 
towards that issue. The production of many designs indicate 
the incomplete knowledge of the subject. Statements referring 
to kilowatt capacity without other qualifications are of no 
value whatever, and could not be defended legally without 
classification. If, however, classification is possible in order 
to define limits of expression, it is very questionable if the form- 
ulas would satisfactorily cover design due to an instability of 
phenomena arising from rupture. Practical tests of designs 
are repeated under variable conditions for the purpose of judging 
the performance of the switch, but such tests entail considerable 
expense, especially when using the oscillograph, and very 
few manufacturers can afford this; those who have carried out 
such tests are reluctant to publish their records for the benefit 
of those who become competitive copyists. 

The rupture of a circuit introduces conditional changes, the 
transient phenomenon of which is so unstable as to be beyond 
theoretical equation. 

The introduction of secondary superimposed effects, either 


"d ee NS 
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permanent or cumulative, are forces not covered by kilowatt 
capacity ratings, and are very destructive under certain con- 
ditions. The majority of breakdowns that come under this cate- 
gory are preceded by surges, distortions,etc. The oscillatory 
character of these secondary forces are proportional to the combi- 
nation of elements which they possess. 

The question of power factor materially modifies the ruptur- 
ing capacity of a switch; the greater the phase displacement, 
the larger must be its rupturing value, for the reason that a 
potential exists tending to restore the circuit when the current 
is zero. This relationship between the voltage and current 
waves differs between the point of disturbance and its generated 
source, and the simultaneous value on opening the circuit de- 
pends upon the position of the switch relative to the cause of 
rupture and the known impedance of the circuit. 

Switches of a cubical capacity of, say, 4.5 cu. ft., designed 
to rupture a definite kilowatt load at unity power factor are 
generally increased to 5.7 cu. ft. for the rupture of the same 
load at a power factor less than unity. 

Feeder switches situated at substations are relatively smaller 
in size than those at main stations, as determined by the imped- 
ance of the circuit. In this connection there is a lack of uni- 
formity of design, possibly due to the unknown technical prop- 
erties of the circuits to be controlled. 

To limit the instantaneous rise of current on the develop- 
ment of a short circuit, reactors have been advised; their use, 
however, has been confined to stations of very high ratings. 

There is much that may be said for their use and introduc- 
tion, but it is contended that these additional links indigate 
the ineffectiveness of switches, and, as this is so, a develop- 
mentfor improving the rupturing value of the switch would 
be more consistent engineering practise. Weak points in a 
chain of electrical transmissions should be remedied. Апу 
duplication of linksintroduces further duplicated forces and 
increases possibility of failures. If a switch is unable to deal with 
the load, its function is destroyed. If, however, reactors are intro- 
duced to limit the current rise and its effect on the transmission, 
lines the position is changed, and as long as the resultant effect is 
controllable and of less danger than such a circuit without their 
introduction, then the design is justified. 

This paper is not intended to refer to reactors except in con- 
nection with the rateable value of the switch. The author 
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has already published calculations and experimental results of 
the effects of reactance on transmission circuits. Speed of 
operation is of importance for disconnecting the initial supply 
of generated forces, and the dclay in opening is primarily re- 
sponsible for the insertion of reactance. Distortions resulting 
from initial rises are considerable, and their effects are de- 
creased in proportion to the increase of operating speed. 

Tests have been taken on an alternator for the purpose of 
ascertaining the short circuit current at different speeds in 
opening. Alternators have variable characteristics and these 
results were taken from a 6000-volt, 5000-kw. machine with 
an estimated internal raectance of 3 per cent: 


Speed. Current. 
0.1 of a second. 30 times normal. 
0.3 s: | 20 " 
0.6 " 12 bs 
—.1 second. 8 s 
2 © 3 x 


In the actual tests taken on switches, referred to in the first 
portion of this paper, the switches opened, acting instantane- 
ously, in 0.4 of a second; thus the current rise would be in the 
neighborhood of 17 times normal; or, when the switch 1s in the 
off position, eight times normal. The solution of the difficulty 
1$ in opening a circuit before such rises appear destructive, and 
on those grounds time delayed switches do not satisfactorily meet 
such a demand. With the above explanation the kilowatt 
capacity of a switch is dependent upon the time taken in 
opening the circuit, the initial rise being in inverse ratio to the 
time, fluctuating in proportion to the component elements of 
the circuit. Independent of these calculations there must be 
incorporated provision for excessive e.m.fs., and for the condition 
of generators being dead out of phase, by which we get full 
potential and a leading current if the field 1s broken. 

E.m.f. rises have been dealt with in the first portion of this 
paper, and are only referred to in this section as affecting kilo- 
watt capacity and its important bearing on the question. 

It might be assumed that from the above results of current 
rises a time delayed switch is more serviceable owing to the 
short circuit current diminishing to within limits of normal 
rating. Provided such rises are of little danger to the gear or the 
system, there is no use of quick-acting switches ог re- 
actances, and the switch installed may be of smaller dimen- 
sions than that of the quick-acting type proposed. 
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‘rtion of 5 per cent internal reactance, limits the short- 

according to the characteristic of the generator, 
times normal, and 10 per cent reactance reduces the 
ipacity to half, such reactances being designed at 
voltage drop at normal current and frequency. 
stion of external reactors forms a problem in itself, 
as their situation on the system requires separate 

External reactors on the machine side of the 
ily limit the current that can pass into or out 
. several units could contribute a total rise in excess 
alculations, based on individual reactors. In the 
, feeder reactors might lead to some incorrect con- 
s the total rise on short circuit might be considerably 
se permitted by each reactor. Sectionalized reactors 
offer the same possibilities and may prove to be of 
2 whatever under any eventful conditions of disturb- 
itches situated beyond reactors in a feeder will be 
by the resistance and reactance assuming current 
ле way, the result being a vector sum of the two 
‚ thus, 1Ғ we get 5 per cent resistance and 5 per cent 
we have 


М 5? + 5? = 7 per cent approx. 


formers (static) are controlled, their internal react- 


‚ be taken into consideration. 
guson published in the Electrician, Dec. 5th, 1913, 


‚ below, forming a basis of design: 


• Increased 
Length of [Resistance | Reactance | Impedance breaking Breaking 
fcecder in |drop at full! drop at full | drop at full | capacity of | capacity of 
miles. load of load of load of switch. switch in 
plant. plant. plant. (timc substation. 
(per cent.) | (per cent.) | (per cent.) normal) kv-a 

i 4 5 6.4 1.3 7,700 

1 8 5 9.4 1.9 5.300 

2 16 5 16.7 3.3 3,000 

% 8 5 9.4 1.9 10,500 

1 16 5 16.7 3.3 6,000 

2 32 5 32.3 6.5 3,100” 


igures аге from calculation, and are given to show 
parative values, and are obtained from a three-phase 
00 volts, 0.15 sq. in. section, neglecting inductance 
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and capacity. The question of method of operation enters largely 
into the discussion, whether the system is, solidly earthed, par- 
tially grounded, or having an insulated neutral. The current in 
each feeder on grounded neutral can be limited by a resistance in- 
serted in the mid point of the star winding, the voltage to 
earth being proportional to the amount of resistance, and the 
current flowing. By such practises conditions worse than the 
unlimited rise of current can be obtained. Whatever system 
is adopted, the kw. capacity of the switch is again modified, 
and its design rated accordingly. It has been suggested that 
the rupturing value of a switch should be based on the watts 
dissipated at a definite temperature consistent with its other 
technical proportions, and in this connection it is very peculiar 
that rating errors are still published concerning the air break 
switches where the watts dissipated at a definite temperature 
are omitted and the contact area and current density given. 
Most of such specifications disagree, with the results so that 
the principal feature of a switch becomes obscured. As this is 
so on standards that have been built for years, a certain vari- 
ation may be permitted in calculations on recent modern de- 
signs, but, at the same time, in theinterests of technical 
advancement, we should approach the question in a more 
serious manner, and endeavor to standardize on the best 
scientific grounds. 


То be presented at the Panama- Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 17,1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


SUBMARINE CABLE RAPID TELEGRAPHY; OCEAN AND 
INTERCONTINENTAL TELEPHONY 


BY BELA GATI 


ABSTRACT OF PAPER 


The speed of the cable telegraphy is not satisfactory; the slow 
work makes the cabling very expensive. The direct-current 
impulses are lengthened on a long cable, because the long cable 
vibrates with its own natural frequency, which is very low. Тһе 
impulses of the direct current overflow, over a certain limit. 
Alternating currents do not suffer such overflowing. The oldest 
form of the alternating-current application is the inverse current. 
Especially Picard and Gott attained good results with their 
inverse current systems. Another direction for increasing the 
speed of the cabling is worked out by the various cable-relays; 

ulstad's, Muirhead's, Heurtley's and S. G. Brown's relays are 
discussed. The speed is not yet doubled by the aforementioned 
relays. The attempts with the high-frequency system on 
ordinary cables are discussed. The theory of the resistance 
of the cable is given, and different cables are taken into the com- 
putation. "The cable rapid telegraphy is solved by the inductive 
shunts with little resistance. The problem is nearly the same 
also for ocean telephony; the difference is, that for common 
telephony various frequencies must be transmitted without dis- 
tortion. The ocean telephony with aid of high-frequency cur- 
rents on improved cables is already a solved possibility. 

For connecting continental circuits strong current micro- 
phones, more sensitive receivers, improved single- wire :оа4е4 cir- 
cuits and telephone relays can be applied, which remove every 
limit of ocean and transcontinental telephony. 


R. Andrew Carnegie expressed an opinion once that men 

get to like each other, if they get to know each other. 

The best means of knowing each other is provided by the vari- 
ous systems of communication. The most agreeable and the 
cheapest means of communication are the telegraph and the 
telephone, both of which transmit human thought with gigantic 
rapidity and to incredible distances. It is a pity that neither 
the telegraph nor the telephone can fulfill both conditions at 
the same time. The distance of successful telegraphy has no 


limit in theory, but in practise, nobody can accuse the present 
submarine cable telegraphy of being rapid; considering the 
matter from another point of view, telephone speech does not 


Manuscript of this paper was received April 15, 1915. 
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exceed the 3000-kilometer distance. The number of the com- 
mercial messages between New York and Denver is very limited. 
This circuit forms today the longest telephone possibility of 
the world, in commercial use.* | 

I wish to enumerate the tendency and researches with refer- 
ence to improvements in both cable telegraphy and long- 
distance telephony. There is in reality no difference between 
the two kinds of communications. Both the telegraph and 
telephone employ electrical impulses which are conducted far 
out upon the electrical conductors. The number of the 1т- 
pulses only is different. We use in the human speech, sounds 
whose frequencies are as great as 20,000 persecond, but are 
generally only about 1000 per second; in the telegraphy even 
the most rapid system does not endeavor to exceed the speed 
of the human speech, which is about 20 letters per second. 

Table I shows the instrument speeds of different systems per 
minute. 


TABLE 1. 
INSTRUMENT SPEEDS OF DIFFERENT TELEGRAPH SYSTEMS. 


Number of signals 


Name of system. per minute 
Мотбесотаіпату ssa rs ана 70 
Sounder, огайїпагу................................ 95 
TUBES? ios du eee kw ese Bee ee ORE ea ee TE 160 
Вадоб . 9.4455 н Ba S Oe Re ee ae 150 
Murray simplet 50055 ele oes ee 600 
Buckingham зїтїрЇсх.............................. 500 
Wheatstone зитр]ех.............................. 1500 
Siemens-Halske бітріех........................... 2000 
Pollak-Virag $їтпр1сх.............................. 5000 
Recorder............... қазала ЛегексринФ Ке але 120 


According to this table the cable recorders work with two 
impulses per second; the highest speed is reached by the Pollik- 
Virag system, 83 impulses (rounded out to 100) per second. 
This system is not used in practise. In commercial traffic, 
these speeds can not be maintained regularly. 

Reading quickly, we exceed the speed of 60 printed letters 
per second; thus only the yet unused Pollák-Virág system re- 
cords the telegraphic impulses quicker than we could read them. 
One hour's reading matter makes for the submarine cables more 
than one day’s work. Considering the limited number of the 


*Since this paper was written the New York-Denver commercial 
service has been extended to San Francisco. — Eb. 
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submarine cables in use today, it is certain that the present 
conditions must be improved, because it is an impossibility 
that there should be no necessity for more exchange of thoughts 
between the people of two continents, America and Europe, 
which count some hundred millions of people, than what one 
person can read during 24 hours. 

To understand why the Pollák-Virág speed can not be attained 
on long lines, and especially on the submarine cables of today, 
I wish to explain how an impulse is formed, what its appear- 
ance is at the outgoing station, how it arrives at the incoming 
station. Fig. 1 shows the telegraphic impulse at the beginning 
and at the end of an aerial bronze wire circuit 2120 kilometers 
long. 

The duration of the signal is about 0.1 second, that is 100 
milliseconds. Hereafter in this paper the expressions, milli- 
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Fic. 2— THE OUTGOING CURRENT OF 
LAND LINE, WHEN AN INDUCTANCE 
IS INSERTED 


Fic. 1— THE LENGTHENING OF 
THE DIRECT-CURRENT IMPULSES 


second, or 0.001 second, and microsecond, or 0.000,001 second, 
are used. 

We see that in the first millisecond the intensity of the out- 
going current is about twice as great as at the end of the im- 
pulse. The circuit forms a condenser; the charging current of 
this condenser is large, hence the greater strength is obtained. 
Using inductances before the line, we get the form of Fig. 2, 
in which the high peak is rounded out. 

Returning to the study of the Fig. 1, we see that one milli- 
second of time in this case was long enough for all the transient 
phenomena to be displayed. The nearer part of the circuit being 
charged, the current becomes smaller and after about the 20th 
or 30th millisecond it reaches a steady value. 

Looking at the form of the arriving impulse (upper oscillo- 
gram), we see that the starting points do not coincide at the 
two curves. The electricity needs time to traverse the 2120- 
kilometer wire. The speed is not so great as in free air oscil- 
lations—300,000 kilometers per second—but only about 200,- 
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000 kilometers per second, or 200 kilometers per millisecond. 
Hence we see that about 10 milliseconds of time was necessary 
for the arrival of the signals (in the oscillogram the distance 
E C corresponds to this time). The strength of the arriving 
current has also changed; from C, during 30 to 40 milliseconds 
of time, the curve begins to be steady till it reaches point D; 
this latter point corresponds to the termination of the out- 
going current. From this point the discharge of the electric 
current commences with its own natural frequency, which has 
nothing to do with the superimposed frequency of the trans- 
mitted impulses. If the distance between the transmitted im- 
pulses is less than the time of discharge of the received cur- 
rents, the signals overflow; Fig. 3 shows this case schematically. 

If the outgoing impulses are short and too near to each other, 
the overflow is such that the signals are not readable. 

Up to this point we had to do only with unidirectional direct- 
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Fic. 3—THE OVERFLOW OF THE OUTGOING DIRECT-CURRENT IMPULSES 


current impulses. Using alternating current, the second half- 
wave counteracts the charge of the first half-wave; the cable 
can not keep a constant charge, and can not be discharged at 
its own natural frequency, which is very low on long cables. 
Fig. 4 shows the result when alternating current of 500 cycles 
per second was used. The distance A B is the same as C D; 
Е С is the time necessary for the propagation of the electricity. 
We have no lengthening of the signals. 

Of course, the frequency must not be too low, because at the 
first half-wave of the alternating current and at the last half- 
wave, there might be some lengthening effect. For example, 
it can happen that the breaking of the current occurs in the mic- 
rosecond in which the current has its maximum value; in this 
case the compensation of the preceding half-wave is not per- 
fect; the difference in the compensation manifests itself as a 
direct-current impulse discharging at its arrival with the natu- 
ral frequency of the cable, and so causing the lengthening. 
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› do not choose the frequency too low, the charging 
g under one millisecond, the charging is not done at 
ite that it would become troublesome. During one 
d, eventually during 0.1 millisecond, that the transient 
ia take place, the charging current has not reached its 
lue and so its effect does not become harmful. 

‚ for receiving the alternating-current signals, special 
„ which responds only to alternating currents, and 
the lengthened direct-current part of the impulse does 
luce trouble at the receiver. 

from Fig. 4, that the use of alternating currents has 
atable advantage; the lengthening of the signals, and 
the overflowing, is overcome. The arriving alternat- 
it, however, is very small and therefore this system can 
>d on the present submarine cables. The whole resist- 
e submarine telegraph cables of today is very large for 
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IE LENGTHENING ОЕ THE TELEGRAPH SIGNALS DOES NOT TAKE 
PLACE WITH ALTERNATING-CURRENT IMPULSES 


X moderate frequency. We shall treat this matter 


ore detail. 
of ordinary alternating current, attempts were made 


t years of the cable telegraphy, with inverse currents. 
aid of inverse currents, it 1s possible to fully annihilate 
rging current, or at least, to diminish it considerably. 
ehouse, the physicist of the Atlantic Telegraph Com- 
ced as early as in 1856 that the speed of telegraphy can 
when the polarity of the successive impulses of the 
changed. 

ighties of the past century the scheme shown in Fig. 
loyed.| The inverse current was regulated just to 
aration, as to its strength. For instance, for short 
inverse current had only two-thirds the strength of 


ing current. 


é de Telegraphie Sous-marine, 
e 488. 


E. Wunschendorf, Paris 
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In Fig. 5, S is a polarized relay, the coils of which have about 
the same resistances as the coils at the arrival end of the cable. 
The tongue A B of the relay can be regulated. 

Pressing the button of the key, the positive current divides 
itself, going across the cable and acting upon the relay 5. The 
tongue of the relay comes in the V' position. After the key 
returns to its resting position, the negative current of the dis- 
charge battery divides itself between the cable and the relay 
S, and so annihilates the charge of the cable. The tongue of 
the relay comes in the V position—on the right side. There 
were, of course, simpler arrangements in use. 

In 1898, Mr. Pierre Picard proposed his system, which is em- 
ployed between Algiers and Marseilles, and even between Algiers 
and Paris. With the aid of this system, Baudot ty pe-printers are 
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Fic. 5--Тне METHOD OF USING Fic. 6—INSTALLATION OF THE 
INVERSECURRENTSIN THE EIGHTIES MORSE FOR SUBMARINE CABLE 
OF THE PAST CENTURY ACCORDING TO THE PICARD SYSTEM 


worked over 900-kilometer cables. Fig. 6 shows the scheme" 

I do not want to go into details, and therefore omit the descrip- 
tions of the ingenious devices, ‘with aid of which type-printer 
devices can be worked over nearly 1000 kilometers of submarine 
cables. I wish only to describe the characteristics of the system, 
which are: 

1. The outgoing impulses are equal in time and are of short 
duration. 

2. Two impulses sent one after the other, have a contrary 
polarity. 

3. After each impulse the sending end of the cable is isolated. 
— 2. Télégraphie Sous- marine. Systéme Pierre Picard. Notices descrip- 
tives sur quelques installations récentes du service des postes, télégraphes 
et téléphone. Paris, imprimerie nationale 1910, page 81-100. 
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A and B represent relays in Fig. 6. The long and unequal 
impulses of the Morse code are transformed with help of this 
installation. а is a battery, the negative of which is connected 
to relay A and across the coil of this relay, to the resting position 
of the sending key. The battery c (positive) is arranged across 
the relay В to the working contact of the key. The axis of the 
key communicates across the condenser C with the earth. The 
tongues of the relays are connected to the cable; if no current 
exists in the relay, the tongue is in its resting position. 

The condenser C 1$ negatively charged in the resting position 
of the key. . Pressing the Кеу down in its working position, the 
negative charge of the condenser is changed to positive; this 
change produces a very short current, which actuates the relay 
B and sends the outgoing current into the cable. After the 
charging current of the condenser ceases, the tongue of the relay 
comes back into its resting 
position, and so the outgoing 
cable current is also very 
short, although the time of 
the pressing down of the key 
might have а considerable 
duration. 

Letting the key loose, re- 
peats the cycle, but we get 
a cable current with inverse 
sign. We see that the cable 
was charged with a very short duration positive current, after- 
wards it was isolated, after this a negative current of short 
duration was sent into the cable, then the cable is isolated again. 

Picard emploved for receiving, a verv sensitive dynamometer- 
relay. The connection of this with the more robust type- 
printer relay is shown in Fig. 7. 

In the nineties of the past century the inverse current question 
was discussed; Mr. W. H. Ash, the superintendent of the Eastern 
Telegraph Company at Porthcurno, gave some suggestions to 
Mr. A. Fraser; the method did not come into general use.’ 

Mr. Delany in his patent No. 21629 in 1893 described the 
inverse current system, but did not give details for the sending 
apparatus. 

Mr. P. O'Neil was granted the British patent No. 16462 in 


3. Telegraphy with inverse currents. A. Fraser. The Electrician, 
1913. March 7th issue, page 1018. 


Cable Relay 


Fic. 7—THE RECEIVER-RELAY 
SCHEME OF THE PICARD SYSTEM 
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1907 for telegraphing over submarine cables in type or Roman 
characters by means of consecutive alternating impulses. 

Mr. John Gott, consulting electrician of the Commercial 
Cable Companv, made experiments with his inverse current sys- 
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Fic. S—FoRM ON ARRIVAL OF LETTERS '' S О’, SIPHON RECORDER CODE; 
LENGTH OF ELEMENT 0.08 SECOND 


tem between London and New York with satisfactory results; 
the reports appeared in the daily press in the first month of 
1913. According to the Electrician, February 21, 1913, issue, 
page 923, “ Each unit of a letter is formed bv an inverse current 
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Fic. 9—FORM ON ARRIVAL OF LETTERS "S O", ORDINARY MonsE CODE; 


LENGTH OF ELEMENT 0.08 SECOND 


so that during the transmission two currents of the same polarity 


never follow one another. At the receiving end the signals are 
retransformed into ordinary Morse." Gott uses a polarized 
relay and the change of the polarity is obtained automatically. 


1915] GATI: TELEGRAPHY AND TELEPHONY 2109 


т = 4 ae 
фе. е -.-, 9n s 
өз, de - E 
=> -.— 

„ет р 
- ~~ 


Gott employs the ordinary transmitting key, but instead of 
the ordinary transmitting key the Wheatstone transmitter can 
be used also. ‘‘In order to transform back again from the 
Morse alphabet with inverse currents to the ordinary Morse, 
the two contacts of the receiving relay are connected together 
electrically, so that a change of polarity makes no difference, and 
the signals are transmitted as if they were made continually 
upon one contact.” 

To compare the methods of cabling, the Figs. 8, 9, 10 апа 11 
show the form of the arrived currents in the letters ' so ", drawn 


Бу Н. W. Malcolm according to his theory.‘ 
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LENGTH OF ELEMENT 0.08 SECOND. CURVE A AS SHOWN ON SIPHON 
RECORDER. CURVE В As SHOWN ON MORSE INKER. 
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Malcolm computed the arrival form for the San-Francisco- 
Honolulu cable with the following data: 
The capacity of the condenser at the sending and at the 


receiving ends, each 87.46 microfarads. 
L, the length of the cable 2276 nautical miles, 3663 kilo- 


meters. 
The whole ohmic resistance L r = 4975 ohms, the whole 


capacity Г, с = 874.6 microfarads. 
cr L? = 4.352 seconds. 


4. The methods of submarine cable signalling, H. W. Malcolm. 
The Electrician, 1913, issues April 11 and 18, pages 16-18 and 52-54. 
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Considering the curves, it is evident that the Gott method 
is superior to ordinary Morse and to siphon recorder code for 
the non-cross (cumulative) letters. 

Malcolm computed with cross-letters the arrived current- 
forms also and he concluded that in the case of the cross letters 
Gott’s method offers no advantage over, or is even inferior to, 
the siphon recorder code, and inasmuch as a dash 1s of greater 
duration than a dot, Gott’s method is necessarily slower than 
siphon recorder code, when read by an instrument of variable 
zero, whether relay or recorder. 

According to this opinion it is certain that Gott's method 
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Fic. 11- Ғовм ON ARRIVAL OF LETTERS ‘5 0”, UsiNG MODIFIED PI- 
CARD. LENGTH OF ELEMENT 0.02 SECOND. CURVE А AS SHOWN ON 
SIPHON RECORDER. CURVE В As SHOWN ON MORSE INKER 


does not reach a much greater speed than hitherto; his ad- 
vantage, beside the simplicity of Morse-inkers, 1s that the land 
lines could be connected with submarine cables and so a saving 
in operators is possible. Rapid cable telegraphy, however, 
with help of this method, is not obtainable. 

From Fig. 8 we see that at the siphon-recorder the first dot 
and the first dash are washed away. With aid of a suitable 
relay it would be possible to reestablish the original shape of 
the curve. 

Investigators and inventors have done a great deal of re- 
search work in this direction. The researches require a very 
complicated and minute study; we describe only those relays 


1915] GATI: TELEGRAPHY AND TELEPHONY 2111 


which have been proved in practise. It is quite certain that 
many new forms have not yet had an opportunity to work 
on real cables. | 

I have spoken before about Picard’s relay; Picard’s inverse- 
current system and the Picard relav 
made it possible to keep in con- 
stant work the Baudot type-prin- 
ters in the longest submarine cable 
practise. It is the aim of future 
progress to have multiplex type- 
printers work on the Atlantic and 
Southern Pacific cables. 

The relays in use today do not 
vet permit this progress, but thev 
make the shape of the received 
current better, and so raise the 
speed by 20 per cent. 

One of the oldest relays is Mr. 
IG PR nop EM ean К. Gulstad's vibrating relay. The 

р у Great Northern Telegraph Com- 

pany, of which Mr. K. Gulstad was 

engineer-in-chief, has teen using it more than 20 years; in 

recent years it has been used by other telegraph companies 
to a small extent. 

The relay may be best used on all land lines and on sub - 
marine cables up to cr = 0.5 to 0.75 second. 


To Cable 
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Fic. 13—S1GNALS REGISTERED ON THE LOCAL RECORDS OF THE GUL- 
STAD VIBRATING RELAY. A: VIBRATIONS FREE; B: VIBRATIONS 
CHECKED BY DASHES; C: VIBRATIONS CHECKED BY SPACE CURRENT; 
D: SIGNALS 


Fig. 12 is the diagram of the Gulstad vibrating relay, Fig. 
13 shows some curves to explain the action of the relay. 

Gulstad’s relay is more sensitive than any polarized relay 
and besides has an increased stability against outside disturbance. 

The battery keeps the tongue in constant vibration; the 
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speed of this vibration can be adjusted by the values of the 
capacity and resistance. It must be made about equal to the 
pre-arranged speed of dot signals from the cable to which the 
relay is applied. The cable current controls only the vibra- 
tions. For instance, the heavier cable currents (dash or space 
signals) in the main winding of the electromagnet overpower 
the local vibrations and hold the tongue at one or the other 
stop, according to its polarity, till the received dash or space 
current falls below the strength of that of the local vibratory 
current. When the local vibratory current is stronger than 
the received current, the tongue continues its own vibrations 
as previously. 

When ''dots" are received from the cable, their current 
amplitude is so small that only a very slight control, and in 
some cases practically none at all, is exerted over the tongue. 
In working through a moderately long cable the dots have at 
the end no appreciable influence, but the relay still produces 
the dots perfectly. 

With the Gulstad relay the cable current is relieved oi the 
work of moving the armature and of overcoming the magnetic 
inertia, hence its greater sensitiveness.? | 

We need for Atlantic cables a more sensitive relay, which 
is suitable for cables with cr = 2 or 3 seconds. Muirhead 
exhibited at the English Festival of Empire Celebration (1911) 
a relay, with aid of which the time of transmission from New 
York to Buenos Aires can be reduced from 20 to 3 minutes. 
This 1s owing to the fact that the number of re-transmissions 
by hand 1$ reduced from six to one. 

The Muirhead relay consists essentially of a siphon recorder, 
the moving vane of which causes a gold wire to oscillate back- 
wards and forwards between two silver pegs, with which it 
comes in contact. А movement to one side signals dash and а 
movement to the other dot. The contacts being made from 
gold and silver are not oxidizable, and give a better contact 
effect than other metals. Muirhead modified the sending and 
receiving circuit; a description of this would involve too much 
detail.® 

A successful cable relay was constructed by Mr. E. S. Heurt- 

5. The Gulstad vibrating relay. W. Judd. The Journal of the 
Institution of Electrical Engineers, 1914, issue March 16th, pages 404- 
405. 

6. Muirhead's Telegraph Relay. The Electrician, 1911, issue October 
13, pages]3-4. 
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lev. Heurtley's relay was adopted bv the Pacific Cable Board 
to magnify the signals on Fanning Island, especially those 
coming from Vancouver Island. These signals, owing to the 
great distances, are necessarily feeble, and the magnification 
of them by means of the Heurtley magnifier not only tends to 
accuracy of transmission, but sensibly increases the speed at 
which ћеѕѕареѕ can be sent, by as much as 25 per cent. 
Heurtley's instrument resembles an ordinary siphon-re- 
corder, but the writing appliance and the paper band driver 
motor fail. The movements of the siphon recorder coil do 
not act upon the writing siphon, but upon a very light lever of 
glass, over which a bronze wire is stretched. The glass tube 
serves only for the stability of the bronze wire. Two very 
fine platinum wires are fixed at the end of the glass tube. In 
the normal position of the glass lever these fine wires are cooled 
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Fic. 14— THE ELECTRIC SCHEME OF HEURTLEY'S MAGNIFIER 


by an air-current, which acts over their entire length. When 


we cool both of the fine wires equally, the resistances of these 
fine wires remain equal, and in the connected Wheatstone 


bridge diagonal, no current is generated. 


Fig. 14 shows the electric connections of the magnifier local 
circuits. 

If a signal arrives in Heurtley's siphon apparatus, the glass 
tube will move; the point А, Fig. 4, will change its place, the 
fine wires escape the air current, because the cooling air is passed 
only through a narrow slit. The resistance of the wire changes; 
we get a current in the bridge diagonal and the local recorder 
begins to work. The cooling slits are arranged so that, for the 
movement of the point А in one direction, the one wire escapes 
from the cooling effect of the air, in another direction of move- 
ment, the second wire is better affected. We get the signals 
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according to the movement exerted by the arriving currents. 

Heurtlev's magnifier was tried at first on the Emden-Vigo 
cable; the relav increased the speed by 40 per cent. 

One of the most fertile inventors in the field of cable relays 1s 
Mr. S. G. Brown. He exhibited some relavs at the Eighth 
Annual Exhibition of Apparatus of the Physical Societv, held 
in December 1912.1 ° 

Brown's relay tends to decrease the inertia of the ordinary 
siphon recorder. It is hard to build up the galvanometer coil 
and the siphon without a considerable inertia effect, which re- 
duces the speed of the deflections. Brown separates the re- 
corder coil from the inking siphon and constructs both as narrow 
and with as little inertia as is possible. The movement of the 
coil is transmitted by a silk fiber to the inker-siphon. Brown 


Fic. 15—Brown’s THERMOPILE CABLE RELAY 


perfected the manner of the inking also. His siphon does not 
touch the paper even momentarily, but arrangements are pro- 
vided to squirt the ink in fine drops onto the paper. A vibrator 
is used for this purpose. When the instrument is adjusted to 
a natural frequency of 10.5 seconds, with a 300-ohm 300-turn 
coil, a current of 50 microamperes gives a full-size signal corres- 
ponding to a deflection of 0.1 inch (2.54 millimeters) on the paper. 
Trials with this instrument have shown an increase of speed of 
30 per cent on the largest Atlantic cables. 

Mr. Brown also invented another form of cable relay, which 
works with the aid of a movable thermopile. Fig. 15 shows 
the details. 


7. Some methods of magnifying fecble signalling currents. S. G. 
Brown. The Electrician, 1913, issue February 21st, pages 921-923. 
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The incoming current flows in the coil A and the deflection ot 
the coil A is transmitted with the aid of the fine fiber E to F, on 
which the thermopile B is fixed. The thermopile is located 
between two flames C, C. The movements of the coil А bring 
the thermopile more or less under the heating effect of the flames; 
the thermopile generates currents, which act upon the local 
siphon-recorder. The thermopiles consist of alternate junctions 
of platinum and platinum plus 20 per cent iridium, wires of very 
fine diameter (25 micrometers) being used. Magnifying 27 
times is possible with this relay. Trials of this instrument on 
an Atlantic cable have shown an increase in speed of about 40 
per cent. | 

А third form of Brown's cable relay is constructed on me- 
chanical principles. The relay consists in principle of a rotatiny 
spindle around which are wound one or more turns of a flexible 
cord, the ends of this cord are connected to relays. The spindle 
is revolving in such a direction as to pull away from the magnified 
forces and towards the small forces that control the movement. 
The incoming current deflects the coil; the small force originated 
by this movement will be magnified by the rotating spindle and 
the tension on the other end of the flexible cord is increased. 
By using this rotating spindle and flexible cord arrangement, it 
is possible to work an ordinary siphon direct writer by a current 
of 10 microamperes. (The recorder requires normally about 3 
milliamperes. ) 

There are other descriptions of cable relays, namely in various 
patents. 
under ordinary traffic conditions. Wesee that the increase of the 
speed is not even 100 per cent. The inventors sought the solu- 
tion of the rapid cable telegraphy in another direction. 

It was Mr. Fr. Weinberg who proposed first, in a German elec- 
trotechnical periodical (Electrotechnische Zeitschrift 1909, page 
160), the use of high-frequency current for submarine telephony. 
І have shown in the same periodical, that the high-frequency 
resistance of a submarine cable of today is so large for Wein- 
berg’s currents, (about 19+% ohms), that only infinitely small 
currents arrive at the receiving end, (10-7 amperes). The 
proposition was not executable. 

Mr. George О. Squier’, on the ground of actual experiments оп 


8. Multiplex Telephony and Telegraphy by Means of Electric Waves 
Guided by Wires, George O. Squier. TRANSACTIONS of the American Insti- 
tute of Electrical Engineers, 1911, Vol. XXX. Part II, pages 1617-1664. 
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telephone cables, believed that with electric waves (high-fre- 
quency currents) long distance telephony and a more rapid cable 
telegraphy and ocean telephony will be possible. According to 
Mr. Squier the ohmic resistance of the wire plays a comparatively 
unimportant part in the transmission. In the discussion of Mr. 
Squier's paper (page 1677-1681 in the same volume of the TRANs- 
ACTIONS), I have shown the real effect of the ohmic resistance. 
Actual experiments on submarine cables were not made either 
by Mr. Fr. Weinberg, Mr. Squier, nor by Mr. Gustiv Maior. 
The latter is a staunch advocate of the use of high-frequency 
currents for submarine and rapid telegraphy and ocean telephony 
purposes. 

To show the impossibility of the high-frequency current tele- 
graphy on the submarine cables of the present day, it 1$ necessary 
to compute the actual resistances of these cables. If the at- 
tenuation is under 10, we can use Kennelly’s formulas’; the 
transient phenomena, as I have shown in Fig. 4, are not at all 
dominant. When the cable 1$ long and the attenuation is over 
10, the transient phenomena begin to predominate, but in this 
case the arriving currents, according to Kennelly's theory, are 
so small, that telegraphy or telephony 1s impossible. 

The incoming current at the end of the cable is 


lary ae аш (1) 


E is the electromotive force at the sending end of the cable. 
Zi = Zo sinh (L В) + Zr cosh (L В); (2) 


L is the length of the cable, Zr is the impedance of the receiver 
apparatus, Zo is the sending end impedance (wave-impedance). 


Е r+ijlw 
Z= М = (3) 
В = М( + 11%) (et jcw) (4) 


where r is the effective resistance in ohms. 
l 15 the effective inductance іп henrys. 
g is the reciprocal value of the insulation in 1/ohms, 
c the effective capacity in farads, 
w —2mTXírequency, j =V —1. 
79. The Alternating-current theory of transmission speed over sub- 


marine cables, A. E. Kennelly. Transactions of the International Elec- 
trical Congress of St. Louis, 1904, Volume I. 
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For simplicity, we suppose Zr = 0; this makes the computae 
tions easier. The hyperbolic sine and cosine functions being, 


over a certain value, nearly equal, 


Zi = (Zo + Zr) sinh (L В) (5) 


can also be written. | | 
Neglecting the. value of Zr merely makes а certain percent- 


age correction necessary in each case; the value of Zr is 
not important in the comparison of the cables themselves. 
The data of an old type ocean cable are: 
r = 0.9 ohm 
с = 0.23 х 10-8 farad (0.23 microfarad) 
1 = 10-4 henry 
в = 10-6 1/ohm 
Computing for = 5000, we get 
Zo = 25.79--) 15.16 
В = (17.47 + 7 29.66) 103 
and the total resistance is shown in Table II. 


TABLE II. 
The total resistance of an old type ocean cable at various lengths. 


The total resistance of the 
cable in ohms. 


The length of the cable 
in kilometers 


500 93,000 
640 1,000,000 = 1 x 10 t$ 
1000 578 x10 +° 

1500 3.61 X10 +12 
2000 0.022 x10 +18 
3000 0.86 x10 + 2 

4000 33 x10 +39 


Applying at the sending end 100 volts and using recorders, which 
still work at 0.1 milliampere received current, the resistance at 
which this current comes in will still be 1,000,000 ohms. As 
we see, we can use this cable without improving 1t for merely 640 
kilometers distance; at this distance the value of 1,000,000 ohms 
is reached for the speed w = 5000. The increase of the re- 

"NE" etpi—e- st 
sistance is very rapid; instead of sinh (8 L) = саш: E 


we can use only е+8,е—81. being negligibly small. Тһе 
curve is pure logarithmical, appearing as a straight line drawn on 
semi-logarithmic paper. (Fig. 16). 

The old type cable does not permit the passage of any high- 
frequency currents at all. Тһе fact is to be remembered, that 
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g = 10-615 hardly obtainable for currents which have only tele- 
phone frequency, w = 5000 to 16,000; for frequencies used by 
Messrs. Weinberg, Squier and Maior, w = 2 т 100,000 or higher, 
the total resistance will be very much higher. 
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Fic. 16—CuURVES OF THE TOTAL RESISTANCE AND LENGTH OF DIF- 
FERENT CABLES; NAMELY, OLD ТҮРЕ CABLE, MODERN KRARUP CABLE, 
IMPROVED CABLE WITH INDUCTIVE SHUNTS 


Choosing another modern cable, which is wound with iron 
spirally (Krarupized), we get the following data: 

r = 1.2 ohms ; 

l = 3.6Х 10-3 henrys 

g = 4.37Ж 10-8 mhos 

с = 0.3Х 10-8 farads 

w = 10,000, and so 
Ло = 331 — j 4.819 

В = (5.712 + j 328.4) 10-3 

Table III shows the total resistances. 

TABLE Ш. 


The total resistance of a modern Krarupized ocean cable at various lengths. 


The length of the cable The total resistance of the 
in kilometers cable in ohms. 
1000 30,100 
1500 876.000 
1525 1,000,000 
2000 15,160,000 
3000 4,500,000,000 


4000 1.37 x 10 +12 - 
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For 1,000,000 ohms we find the length of 1525 kilometers, 
which is not sufficient for rapid telegraphy on ocean cables. We 
must investigate how the attenuation can be decreased. 

Fig. 17 shows a cable element, which is designed for use in 
telephony. For telegraphing, the two r/2 and //2 values may be 
replaced by r and /. 

The electrical coefficients which are connected in series, 
appear in the formula of В with direct values (r and /); the line 
coefficients, which are connected in shunt in the cables appear in 
the formula of В with inverse values. The insulation is a; its 


1 
Inverse value is g = "е that is, for one megohm insulation, 


we write in the formula g = 10-5 mho. The capacity-resistance 


Ne scd 
15 —— ; its inverse value in the formula will be j w с. 


Fic. 18— Tuck SCHEME OF A CABLE 
WITH INDUCTIVE SHUNT 


Fic. 17— THE SCHEME OF А Nor- 
MAL CABLE ELEMENT 


When we use an inductive shunt, the scheme of the cable 


element will change, as Fig. 18 shows. 
In formula (4) we must substitute for g + j wc 


1 
Е Ея (6) 


where К is the effective resistance of the shunted coil and Г, - 


is its inductivity. Let us eliminate the imaginary quantity in 
the denominator, and we get” for B 
Lxx] 
К? + и? І? 


(7) 

10. L’améloriation des communications téléphoniques sous-marines 

au moyen des derivations inductives, Bela Gati. La Lumiere Electri- 
que, 1913, juillet 26. 
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It is possible to choose all the coefficients in such а manner 
that В may be a minimum. Іп this case the value of В depends 
only upon 7 and g, being 


B minimum = Vr р (8) 


For instance, choosing 
R = 0.0189 ohm 
L = 0.04348 henry, 


We get for an old type cable 
= 0.9 ohm 

10-* mho 

0.23, 10-6 farad 
10-* henry 

= 0.001 


Computing with these values gives the results shown in Table 
IV. 


UD ом ч 
|| 


TABLE IV. 
Total resistance of an old type cable with modern inductive shunts. 


Length of cable Total resistance of cable 

in kilometers in ohms. 
4,000 24,680 
5,000 67,800 
6,000 182,400 
7.000 493,000 
7,700 * 1,000,000 
8.000 1,340.000 
9,000 3,670,000 
10,000 9,961,000 
15,000 1,487,800,000 


We reach the limit of 1,000,000 ohms at 7700 kilometers of 
cable; that is, the question is settled for Atlantic ocean cables. 

Using a high voltage and some sensitive relay, we may deem 
the question solved for the Pacific ocean also. 

Of course it 1s another question how these coils could be ap- 
plied on cables already laid. The expectations from Pupin coils 
were abandoned; [ shall explain the reason very briefly. We 
need for Pupinization of a submarine cable, coils with an induc- 
tivity of 0.2 henry per kilometer. Itisimpossible to apply Pupin 
coils every 2 to 4 kilometers; it would be very expensive. Using 
them at cach 100 kilometer distance, one coil ought to have less 
than 18 ohms resistance and a self-induction of 20 henrys. 
This coil, if not in itself an impossibility, would have such dimen- 
sions as not to be applicable in submarine cables. 


1915] GATI: TELEGRAPHY AND TELEPHONY 2121 


Using inductive shunted coils, as computed before with 
К = 18.9 X 10-5 ohm 
L = 43.48 X 10^ henry, 
the coil in each 100 kilometers must have only one hundredth 
part of this value, (the coils being connected in parallel) and 
so the actual coil has the dimensions at each 100 kilometers 
К = 0.189 X 10^ ohm 
L = 0.4348 X 10-3 henry 


10 Milliamperes 
0.1 Milliamperes 
1500 ~ 1’ 1600! 


Fic. 20—THE TRANSFORMATION OF ALTERNATING-CURRENT SIGNALS 
(0.1 MILLIAMPERE) TO DIRECT CURRENT IMPULSES, (10 MILLIAMPERES) 
600 L . — · . PER MINUTE 


In reality the shunted coil will have 100 X 100 = 10,000 
times less inductivity than Pupin coils, applying them at each 
100 kilometers. Pupin coils shorten the wave length; shunted 
coils lengthen the wave-length of the alternating current, but 
the explanation of this would need a more detailed mathemati- 
cal solution. | 

We have seen from Fig. 16 that old type telegraph cable 


10 Milliamperes 


0.1 Milliamperes 
——À: ел 
1500~ 1 16002 


Fic. 21--Тне TRANSFORMATION OF ALTERNATING-CURRENT SIGNALS 


(0.1 MILLIAMPERE) TO DIRECT-CURRENT IMPULSES, (10 MILLIAMPERES) 
1600 L . —.. рев MINUTE 


fitted with inductive shunts could be used for transmitting 
alternating-current impulses. Our type-printers and all мп- 
ting apparatus work with direct current; it is necessary to trans- 


form the arriving alternating-current signals to direct-current 


impulses. Fig. 19 shows how the Brown telephone relay 
could be transformed for these purposes. Figs. 20 and 21 
show what can be done with alternating current signals. 


The Baudot, Murray, Morkrum and Siemens-Halske printers 
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work with direct-current impulses, and with aid of the described 
relay they can be used for alternating-current rapid telegraphy 
also. With this the question of rapid cable telegraphy is set- 
tled; of course, the construction of the shunted coils and their 
application in the already laid cables needs yet further inves- 
tigations and practical researches. I do not speak of the 
multiplex cable telegraphy; this is solved for alternating-cur- 
rent telegraphy also, namely, the Mercadies-Magunna system, 
which was tested for land lines only. 

The high-frequency current cable telegraphy with aid of 
inductive shunts has so many features in common with the 
ocean telephony, that we can treat at once the question of the 
ocean telephony too. There are two distinct features, which 
differ in the ocean telephony from the rapid cable telegraphy. 
In the cable telegraphy we need a minimum attenuation only 
for one separate frequency; in telephony we need the minimum 
for all frequencies of the human speech, at least between 100 
and 1000, ultimately up to 2000. The voltage of the out- 
going telephone current in commercial discourses is about 
1 volt; the incoming current at the distant end is 0.1 milh- 
ampere; sometimes only 0.05 milliampere (100 to 50 micro- 
amperes). Hence the total resistance of the cable at ordinary 
microphones and telephone-receivers can not be higher than 
10,000 to 20,000 ohms. We had as the limit in the rapid cable 
telegraphy 1,000,000 ohms. 

We see from Tables II, III and IV, and from Fig. 16, that old 
type cables can not be used for telephony even to 500 kilo- 
meter distances; the continuously loaded cable would be good 
for 600 to 700 kilometers (continue the straight line down- 
wards in Fig. 16). Only the shunted coil cable is suitable 
for ocean telephony, its resistance being only 24,680 ohms at 
4000 kilometers. The length of the South American and African 
connecting cable is less than 4000 kilometers and so on these 
cables ocean telephony is already possible; naturally only with 
the aid of the one frequency system. 

Professor Silvanus P. Thompson, 22 years ago, delivered at 
the Chicago Worlds’ Fair his lecture, stating the possibility 
of the ocean telephony with the aid of shunted coils. He 
failed in the dimensions of his coils, believing the coils must 
possess a large resistance, so as not to cause considerable leak- 
ance. 

The shunted-coil cables keep their minimal resistance for 
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19—THE BROWN TELEPHONE RELAY 
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ORDINARY MICROPHONE 


IMPULSES 


Strong Current Microphone 
Fic. 22—THE OUTGOING AND RECEIVED TELEPHO 


Various DISTANCES, USING A STRONG CURRENT MICROPHONE AND AN 


CURRENT SIGNALS TO DIRECT-CURRENT 


Fic. 
UskED AS TRANSFORMER OF ALTERNATING- 
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one frequency only, although there are now in preparation 
coils which work equallv for all telephone frequencies; the at- 
tenuation of the cable remaining about the same for the diverse 
frequencies of the human speech. 

Employing the high-frequency telephony system of George 
O. Squier on the South American and African cables, we are 
in need to increase the distance of commercial speech for aerial 
lines and for other cables too. This can be done by various 
means, which are briefly enumerated in the following: 

1. We employ a higher voltage for the outgoing current; 
and the use of strong-current microphones. 

2. We use more sensitive telephone receivers, which transmit 
the human speech more distinctly than before. The arriving 
current can be less, and so the whole resistance of the line 
greater, and the speaking distance can be increased. 

3. We lessen the whole resistance of the line, for instance, 
using one-wire telephony for long distances, or Krarup Pupin 
methods, inductive shunted coils. 

4. We employ telephone relays, for strengthening the re- 


ceived currents. 
STRONG CURRENT MICROPHONES 


By using a higher voltage in the ordinary microphones, the 
speech causes greater variations in the current strength of the 
microphone circuit; our outgoing telephone current will have 
30 to 40 volts tension instead of one volt as with the ordinary 
microphone. In such a manner the expression of Zo sinh (Ё В) 
can be increased, and still we get the received current strong 
enough for commercial purposes. | 

Fig. 22 illustrates the effect of the strong current micro- 
phone compared with an ordinary microphone at various dis- 
tances. Table V gives the results. 

The microphone tested was constructed by the author; it 
had a water-cooling device. The strong current microphone 
could not come in general use; only in Sweden are the Egnér- 
Holmstróm microphones commonly used. They can be used 
onlv in those countries where the insulation of the long-dis- 
tance lines is well maintained, and the public is more accustomed 
to the separation of the speaking from the listening position. 

Because the tension of the outgoing current is greater, the 
insulation of the line is decreased. Using 10 times greater 
voltage, the insulation is decreased about 50 per cent. In the 
formula of the minimum attenuation, 8 = Ver. 
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р is increased by this and so В is increased also. We have 
with strong current microphones on poorly insulated lines a 
worse effect than with an ordinary microphone. 

The outgoing current is strong; we cannot keep the receiver 
to the ear for the outgoing current. We must change the 
speaking and listening positions. This is not possible in every 
country, because the change requires a specially intelligent sub- 
scriber. Тһе method is used in the Scandinavian countries, 
where the Egnér-Holmstróm microphones attained a better 
result. 


TABLE V. 
Strong current The re- | Ordinary microphone 
microphone ceived cur- 
Distance ------------ rent in || Remarks 
in kilometers | Outgoing | Received | percentage Outgoing | Received 
———— of the 
current in outgoing. current 1n micro- 
microamperes amperes 
1. 404 16,625 | 2363.8 14.22 6125 848 [8 km. cable 
с. 
2. 992 17,500 | 1484 8.48 7000 20608 |84297 
3. 1188 15,750 720.8 4.57 5250 190.8 |84522 
4. 1592 18,025 | 265 1.47 7000 127.2 |1644 4.5 
5. 2110 16,625 159 0.956 7000 0 244 3 5 т 
6. 2514 21,875 50 0.23 4375 0 с с 3 
ЕСІ с 


SENSITIVE TELEPHONE RECEIVERS 

We have seen from formula (2), that the effective resistance 
of the receiver also plays a role, especially for long distances. 
In this respect very little has been done. Using one receiver 
(American method) instead of the two (European custom), we 
can gain sometimes 500 kilometers distance in long distance 
speech. 

The sensitiveness of the receiver can be raised considerably, 
but nothing has been done in this direction. Тһе researches 
need a well equipped laboratory and lony live lines. The 
question could be settled only by organized research of an in- 
ternational institution. 


IMPROVEMENT OF THE LINE 


The best results in telephone transmission have been ob- 
tained in the past decade by loading. We employ the con- 
tinuously loaded lines (Krarup system) and the loading with 
inductive coils at given distances (Pupin system). The 
shunted coils are not yet used on continental lines or cables. 
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The Krarupization seems to be better on very short cables 
and on very long ones, because it is difficult to distribute the 
Pupin coils on short distances. 

The formula r: l = g: c gives the minimal attentuation of 
В (В = мур). We use for long distance telephony such lines 
in which r is already a small quantity; we do not need a strong 
increase of the inductivity of the line. The Krarup cable in- 
creases moderately the inductivity and so it 1s sufficient in this 
case. The Pupin coils have today 5 to 15 ohms effective re- 
sistance, thus they can not be used for lines with a small re- 
sistance, for instance, copper wires of five millimeters diameter. 
Certainly the Pupin coil can still be improved considerably. 

By reducing the resistance r of the line by connecting two- 
two wires in parallel, we obtain a very good result. The so- 
called phantom circuit of the New York-Denver line, which is 
up to date the longest telephone circuit, was constructed in 
this manner. Fig. 23 illus- 
trates the Pupinizing method 
of this four-wire circuit". 
To avoid confusion the wind- 
ings for but one side.of the 
phantom are shown. 

Fic. 23—DIAGRAM OF WINDING Table VI shows the differ- 
OF LOADING COIL FOR USE ON PHAN- ent line-coefficients at various 
а diameters of the wires of 
telephone circuits and the total resistance of the telephone 
circuits. 

The complex quantities are given in their two forms (polar 
and rectangular coordinates.) The Heaviside formula for the wire 


—6 
of five millimeters diameter 1$ (TEIP > ax) 
instead of the equality. Increasing the insulation from 10-6 
to 10-7 (diminishing the leakage,) the formula r/l = g/c holds 
good and we can get the minimum attenuation without load- 
ing or with a minimal loading, which may be installed cheaply. 
One of the best methods of amending the insulation is the use 
of one simple wire. The 50 per cent of the leakance places 
and leakages are avoided. I experimented with one-wire 
long distance telephony on telegraph lines; the disturbing ef- 


11. The Commercial Loading of Telephone Circuits in the Bell System, 
Bancroft Gherardi. TRANSACTIONS of the American Institute of Elec- 
trical Engineers, 1911, Vol. XXX, Part III, pages 1743-1764. 
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fects of the earth currents are very simply and easily sur- 
mountable. Mr. Devaux-Charbonnel proposed first in the li- 
terature! the one-wire telephony for submarine cables. We 
have seen that the problem of submarine (ocean) telephony 
is only possible with the one-wire cable system. Devaux- 
Charbonnel did not propose the one-wire system for land-line 
telephony. It is not profitable for common use. We can not 
permit other conductors in the neighborhood of the wire. 
We can not use our transcontinental telephone wire mounted 


TABLE VI.—VALUES OF THE TELEPHONE-LINE COEFFICIENTS AND THE 
TOTAL RESISTANCE OF THE LINE. 


Diameter of wire... 3. 4. 4.5 5. 
r resistance....... 5. 2.8 2.21 1.7 
l inductivity...... 1.49.10 143-105 1.58:103 1.56-10°¢ 
с capacity........ 11.00:105 12.00-10-? 10.27-10-? 10.77-10 
g leakance per kilo- 

meter... osos 10-8 10-6 10-6 10-6 


Zo wave resistance!377.912 (— 18?|348.459 ( — 5?17'|394.11 ( — 3? 417138713 (— 2° 49 
17.43) 359 389 —|.85) 346.98— j 1.57) 393.29 — j 25|.66? 386.65 – 3 19 
j 116.93 32.175 379 4 

a attenuation..... . |41.58-10-3 (80°27'|41.8169-10-3 (849|40.748:10-3(859 |40.533:10-3 (56° 
.67) 68.90 49-10-*|13/.09) 42.126- 1437.76 350.143: |36”.46) 16.918- 
+ j 410.018-10-4 10-* + j 416.06- 10-4 + j 403.66- |107* + j 404.99- 


КЕ 10-4 10-4 
Distance Total resistance of the line in ohms. 
kilometers 
3¢ 4¢ 4.5 $ 5 ф 
1000 185.720 (—9° 7'.|11.763 (+ 40°31 14,009.10(—31°30711 024.03 (—24? 
44) .01) .12) 00'.35) 
2000 182,160,009.504 |801.390 (- 812181, 801.47 (— 58? 
(+ 0? 13'.47) 29'.36) 53'.55) 
30 X) 1.665,351.216 11, 377.70(- 62° 


( — 86° 5’, 53) 32'.61) 


on the same poles as our other telephone circuits. The inductive 
effects affect the resistance of thewire. Currents are induced 
in the neighboring wires which dissipate the energy; it seems 
ultimately, as if the resistance of the one single wire would be 
doubled or tripled. Two-wire circuits do not possess this 
peculiarity, being free from outside induction. 

The one single wire has only half the resistance of the double 
wire circuits, but the change of the inductivity and capacity 


12. Telégraphie et Telephonie. Devaux-Charbonnel. La Lumiére 
Electrique 1913, No. 6, pages 164—168. 
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counteracts this effect, the inductivity decreases and so it 15 
again suitable for loading; the capacity increases, which makes 
some loading desirable again. When the capacity is balanced 
in the sense of the Heaviside formula, the attenuation of the 
single wire circuit is only half of that of the double wire circuit, 
using the same diameter of the wire. | 

For the balanced five-millimeter double wire, (r = 1.7, 
а = 10-5) circuit В would be V1.7 X 10-5 = 1.30 x 10-3 
= 13 X 10-4 instead of 16.91 (Table VI) at the unloaded circuit. 
Loading the five-millimeter diameter single-wire circuit, we 
could obtain an attenuation 


С” ЕЕ E = 
Bx м2, 65х10 


The length of а 10,000-kilometer wire multiplied by this at- 
tenuation would give BL = 6.5. BL = 4 is the commercial 
limit of today of the telephone discourse; we reach this limit 
at 6100 kilometers. 

Of course, it is not permissible to carry conductors in the 
neighborhood of the Big Creek 150,000-volt transmission line, 
or other disturbing circuits. The future transcontinental tele- 
phone must be free from these disturbances. The insulation 
must be well maintained; we have much to do in this respect, 
because, strange to say, no telephone lines are measured with 
telephone frequency currents, least of all the insulation. 

It is very difficult, if not impossible today, to get a circuit 
over 2000 kilometers, without insulation faults. Measuring 
the transcontinental lines daily and with the telephone cur- 
rents, we shall be able to maintain the proper insulation after 
we have thrown out the existing latent faults, which are very 
numerous. We need, for long-distance international telephony, 
a much better organized service and better methods than are 
customary today. 

TELEPHONE RELAYS 

The considerable strength of the disturbing currents hinders 
the use at present of telephone relays. I have found that the 
disturbing effects over 1000 kilometers have already a greater 
intensity than the incoming current itself. By relaying these 
currents, the disturbing currents will become magnified and 
finally totally obliterate the speech currents. 
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Considering the problem from this point of view, I will dis- 
cuss only briefly the relays which might be successful in the 
future, especially on one-wire transcontinental telephony free 
from disturbances. 

S. С. Brown's telephone relay is shown in Fig. 24. 

‘Brown uses a granular carbon microphone in a sealed capsule 
and connects this with thc tongue of a verv sensitive magnetic 
relay. 

Telephone-receiver microphone relays were tried by many 
inventors, but without success. Mr. Brown worked out the 
principle very carefullv and gained a good result. Mr. Brown 
has another system of high-frequency current relay, where the 
air-gap resistance between osmium .and iridium surfaces is 
changed by the vibratory movements of a very fine relay tongue, 
the vibrations being caused by the high-frequency currents. 
The relays are not in use on commercial circuits. 

To avoid the inertia of the magnetic relay, inventors have 
tried to use the cathode ray action. Lieben constructed the 
first cathode ray relay; later he and his collaborator Reis relin- 
quished the pure cathodic ray action principle and formed the 
electron-relav. Lee de Forest patented h's audion also. Both the 
Lieben-Reis rclav and Lee de Forest audion work on the electron 
principle. The cathode (covered eventually with Wenelt's 
alkali-earth metal salts) is heated by an electrical current; a 
metallic obstacle is placed in the way of the electrons which are 
thrown out from the cathode: (the bored-out plate of the Lieben- 
Reis construction, and the grid in de Forest's audion.) When 
we have no potential on the plate or on the grid, the flow of the 
electrons is not changed. But it 1$ possible to arrange the 
conditions in such a manner, that a minute change of the poten- 
tial causes a considerable increase of the electron current. Mag- 
nification of from 20 to 30 times can be produced in this wav. 
Because there is no inertia present, and no movement of relay 
tongues or anything similar, the spcech 1s not distorted. 

Their present application is very uncommon. It isquite cer- 
tain, that under favorable conditions of the telephone circuits a 
considerable distance can be reached; however, we need to insert 
the relay before reaching 1000 kilometers, and so for trans- 
continental speech more relavs (three to four) are necessary. 

Telephone-relays will play an important role in the future of 
transcontinental and ocean telephony. We need today better 
circuits and fewer disturbing effects, which can be obtained only 
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GATI: TELEGRAPHY AND TELEPHONY 
I have explained in this paper the present situation and the 


hopes of the rapid cable telegraphy, and of the ocean and trans- 
the Atlantic and the continents will be able to aid future gener- 


become a reality, and thus the telephone communications across 
ations in avoiding misunderstandings. 


continental telephony, and I presume that the prediction made 
in Professor Silvanus P. Thompson’s lecture іп 1893 will soon 


Because these electron relays are not in common use yet, I will 


through a careful investigation and research organization. 
not go into details. 
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OF PROPERTIES WHEN THESE ARE TO BE UsED FOR DIFFERENT 
PURPOSES. 


Ир. L. CORY 


S WITH any other engineering, economic or financial prob- 
lem, before starting on an inventory and appraisal of an 
electric light and power property it is absolutely and imperatively 
necessary to decide upon, and constantly keep very clearly in 
mind, what is desired and what technical name shall be given the 
answer or conclusion. А vague and nebulous idea of the aim of 
the work to be done surely leads to unsatisfactory results, which 
are often misleading and more often misused. In many instances, 
useless work is done at great expense in getting an answer or result 
which has no real significance and has a value far less than the 
cost incurred in obtaining it. 

Because it is not at the outset made perfectly clear, so that it 
may be understood alike by all—attorneys, managers and direc- 
tors of utilities, commissioners, financiers, and other engineers— 
what it is intended to call the final answer, it is not uncommon to 


find appraisals of the same property made by different engineers Ғы» RE 
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differing so widely as to discredit the engineering profession and 
create in the minds of those with little or no engineering training 
or experience not only grave doubts, but convictions, that in 
general detailed complex inventories and appraisals should be 
given very little weight when tested by the rules of evidence. 

Because of my strong belief in the foregoing, I prefer to lay 
stress upon this one of the many chief factors which should be 
taken into account in making an inventory and appraisal of any 
public service utility or industry. 

Any one of not less than five results may be sought in appraisal 
work, and to them I give the following names: 

1. The investment 
“Тһе original cost 
. The cost of reproduction new 
. Thereproduction cost 

5. Present value. 

Assuming for the present that the final figure which 1$ to be 
determined may, within reasonable limitations, be given one of 
the above five labels, it is obvious that a clear mutual under- 
standing must be had in the beginning, before the inventory and 
appraisal work is undertaken, as to which of the fiveresults is 
wanted. If this 15 done at least one perplexing question, namely: 
“Мау there appropriately be differences in inventories and ap- 
praisals of properties when these are to be used for different pur- 
poses?’’, which has arisen time and time again, may be definitely 
and finally answered emphatically “ Yes." 

It is of course well recognized that in the present state of legis- 
lative, judicial and administrative procedure, and also in the 
financial, economic and engineering field, the ‘‘ value" of an 
operating composite system such as an electric lighting and power 
property is very difficult to determine. Confusion is, however, 
but more confounded when any process of analysis is utilized 
which considers synonymous or equivalent any one of the above 
five names for the ultimate result of such analysis. 

Without attempting at the outset to indicate the purpose for 
which a valuation may be undertaken, whereby any one of these 
five conclusions or results may be desired, it is important to 
indicate the salient differences in the principles of, as well as in 
the final results reached, by each of the five methods. 


wm Go М 


99 


THE INVESTMENT 


Ordinarily it would not seem difficult to set up an outline and 
method of procedure if the inquiry is concerned solely with the 
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theless, it is manifest that the ‘ investment ” in the propertv 
may not and in most cases does not, to any appreciable degree, 
indicate its 4 value." 


THE ORIGINAL COST 


The determination of the original cost and investment has 
many details and quantities in common. Ordinarily, the dif- 
ference between them is that the former excludes everything 
but the actual physical property which 1s dignified by the word 
" tangible." It is difficult to convince some types of minds that 
anything which has no physical existence 1s real. To such 
men, to place a monetary figure upon so-called “ intangibles,” 
even if the records of the property show unquestionable and 
wise expenditures for some things other than actual physical 
property, seems pernicious. They seem to think that such 
expenditures have gone for something not unlike “ ghosts " 
or “spirits,” have the same faculty of disappearing without 
permission, are not under human control, and should be wiped 
out by judicial or commission decisions. 

The owners and managers of operating properties, on the 
contrary, too often have exaggerated and unsubstantial ideas 
of the ‘“‘value’”’ of the business of such properties, іп most 
cases far in excess of the actual or theoretical cost of develop- 
ing the business. In relation to such intangibles there is cer- 
tainly scrious controversy, and until a more sensible and prac- 
tical viewpoint is established in this regard no very satisfactory 
agreement seems attainable. 

Generally speaking, the “ original cost " is most often deter- 
mined independent of the ordinarily necessary methods of 
financing, and in this regard probably morethan in any other, 
except the restriction of ‘original cost" to the physical 
property only, 1s there a decided numerical difference between 
the figures obtained which represent the “investment © and 
the ' original cost " respectively. 


THE Cost or REPRODUCTION NEw 


Since large public service properties are not bought, sold 
and exchanged as often and under the same conditions as real 
estate, grain, stocks and other forms of wealth, and since it is 
becoming more and more desirable in recent years to determine 
or at least approximate the “ value " of such properties, we 
have the sanction at least of the highest court in the land that 
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one of the best measures of “ value " is the “cost of repro- 
duction new." For this reason more than any other, perhaps, 
most inventories and appraisals tend in their final analysis 
toward this end. 

If wisely and fairly considered from every angle, particularly 
in the various details and processes involved in arriving at the 
result, the * cost of reproduction new" is a very compre- 
hensive and pretty nearly all inclusive measure of the “ value ”’ 
of a property under given conditions, and may be made the- 
oretically at least to include not only the physical property 
but the so-called intangibles as well. The most wisely directed 
and painstaking inventory is absolutely necessary, however, 
and equal care must be continued in arriving at the unit costs 
and the so-called overhead percentages. The writer has per- 
sonally found it of great value and assistance to ascertain as 
nearly as possible what the “ original cost " has been, frankly 
aware all the time, however, that ''original cost " and ‘‘ cost 
of reproduction new " may and often do result in widely vary- 
ing figures. To substantiate intangibles such as “ value of 
the going concern," a measure of which is often dictated by, 
but not identical with, the “cost of developing business," 
it is many times enlightening and in a few cases convincing to 
get the actual figures from the records when such are available. 

One important question many times does, and certainly al- 
ways should, arise, however, which has to do with the query 
as to whether the property as it exists today, built piecemeal 
during the construction and extension periods covering perhaps 
vears of time, is to be reproduced item for item, or 1s the service 
rendered today to be reproduced by a “ substitute " installa- 
tion, possibly of the most modern type. If the “cost of re- 
production " were desired, there can be little question but that 
б costs " or “ unit prices " should be of today or the present 
time, rather than the “ historical costs," and herein will in most 
instances be found the discrepancies, often noted with criticism, 
between two appraisals of the same property by two different 
engineers. ‘‘ Original unit costs " and “ present unit costs ” 
very seldom, if ever, are identical, and a property built new to- 
day, taking advantage of every modern invention and im- 
provement, not only in physical units but in scientific processes, 
would not by any means be the physical duplicate of a simi- 
lar but different property which might well give the same 
service, but which has been developed and extended from a small 
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beginning years ago. Hence there is every reason why the 
final figure of an appraisal based on “ original cost " should 
differ very materially from another appraisal of the same 
property based on ' cost of reproduction new." 

It remains for some authoritative body, court, commission 
or engineering society to establish if possible which is the best 
measure of “ value " or perhaps ' present value," “original 
cost" or “cost of reproduction new " in any given case, 
but it requires only ordinary common sense to appreciate that 
neither is synonymous with “ value," and, what 15 of more 
importance, that there is no possible valid reason why thev 
are equivalent or svnonvmous with each other. 


THE REPRODUCTION CosT 


I ао not know to what extent ‘ reproduction cost ’’ has 
become known as a term to indicate the cost of reproducing a 
property in its present physical condition, taking into con- 
sideration physical deterioration, as contrasted with the ©“ cost 
of reproduction new." For obvious reasons no public service 
property can accurately be considered as '"new". It may 
possibly all have been new at one time, but in most practical 
cases the original plant was so insignificant in size and capacity, 
as compared with the present one, that but a very small part 
at any time may be accurately said to be new. 

The component physical parts of such a property are so com- 
plex, requiring constant renewals, reconstruction and enlarge- 
ment, that it is but academic and theoretical to apply the 
adjective ‘‘ new " to but a small part of the whole. Physically 
it is beyond the realm of possibility to have a пеш public utility 
property. Parts of it must be physically deteriorated, but not 
necessarily to the same extent depreciated 1n value particularly, 
from the service standpoint. 

Therefore, since service is continuously rendered and pre- 
sumably will continue to be so rendered in future, no public 
utility property can possibly be in 100 per cent physical con- 
dition, but at some percentage less than its original or initial 
physical condition. So long, however, as elements in the com- 
plex utility properties fulfill their part in economically and re- 
liably rendering service, they have not necessarily suffered 
“depreciation of value." 

“ Reproduction cost " then may be said to differ from “ cost 
of reproduction new ” in a practical but very important sense. 
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In determining the former the present physical condition and 
service usefulness of each element is taken into account in arriv- 
ing at the final figure. Obviously knowledge and experience 
are necessary to arrive at an accurate conclusion. Тһе service- 
ableness in a broad sense of each device as well as the complex 
property as a whole is of more importance than its age or exact 
physical condition. 

It would seem that a higher and more experienced order of 
mind is necessary to make an estimate of the “reproduction 
cost " than that required to collect the data for an appraisal 
on the basis of the ''cost of reproduction new." Neither, 
however, can be said to give a very conclusive measure of 
“ value," although it is the writer’s personal opinion that in 
most practical cases “ reproduction cost ” is a broader, more 
comprehensive, and better indication of “ value” than the 
“cost of reproduction new." 


PRESENT VALUE 


If knowledge, and patient detailed work, are required to 
estimate the investment in, or cost of, a public utility property, 
then surely a combination of wisdom, experience and alert 
yet sound judgment is necessary to approximately determine 
the “ value," or what is more commonly referred to as the 
“ present value," of the same property. Cost may be and 
often is an indication of value, but cost and value must not be 
confused, or, except in the rarest cases, considered as equal. 
In attempting to determine either, especially in a public utility 
property, every evidence of the magnitude of both should be 
most carefully weighed. 

Depreciation of value, especially from the standpoint of service, 
does not follow the same law as physical deterioration. Never- 
theless, from the courts and many commissions, we have num- 
erous precedents for attempting to determine '' present value ” 
by first finding the ‘‘ cost of reproduction new” and then 
deducting a purely theoretically computed quantity, based 


primarily on estimated life tables, termed “accrued deprecia- 


tion," and then call the remainder ''present value." 
Notwithstanding the precedents for, and present practise of, 
estimating present value by mixing up ''cost of reproduction 
new " and '' accrued depreciation," the writer does not con- 
sider this procedure has any merit either in fact or in equity. 
It is only because of the limitations restricting our experience 
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in these matters up to the present time, that the questionable 
expedient has been resorted to of tacitly admitting that '' pres- 
ent value" is less than the “сов of reproduction пех ' 
by an amount which more or less depends upon the physical 
age and the condition of the component parts of the property. 

Value depends upon a large number of factors which mani- 
festly cannot be determined solely by the logic of mathematics, 
any more than one can determine the value of an individual 
to society by any similar process. Upon some of the elements 
of value, practically all competent and fair-minded men will 
agree, but upon others in our present state of inexperience and 
lack of tested data there will be wide vet honest differences 
of opinion for some time to come. . 

Value, however, cannot be determined independent of the 
service rendered, judging this service from the standpoint of 
its quality, reliability and cost of production. The rates to 
be changed for such service are of secondary importance either 
to the public utility property or its customers, providing the 
mutual interests of both are maintained, not only for the present, 
but for the future as well. 
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THE PROCEDURE THAT IS NECESSARY TO OBTAIN RELIABLE 
INVENTORIES AND REASONABLE APPRAISALS OF PROPERTIES 
THAT CAN BE DEFENDED BOTH FROM THE STANDPOINT OF THE 
PUBLIC AND COMPANIES: THE EXTENT TO WHICH DETAILED 
‘ INVENTORIES AND APPRAISALS SHOULD BE КЕРТ СР TO DATE 
BY COMPANIES: THE BEST WAY IN WHICH DETAILED INVEN- 
TORIES AND APPRAISALS MAY BE КЕРТ UP TO DATE BY ComM- 
PANIES. 

BY W. G. VINCENT, JR. 


INTRODUCTION 


HERE ARE many reasons why valuations of public utili- 

ties have been made in the past and are continuing to 

be made, and there seems every prospect that the necessity for 

valuations that has existed will continue and become more 

pressing as methods of financing become more conservative 

and as public control develops, or public ownership becomes 
more general. 

In general the necessity for a valuation will come under one 
or more of the following: 

1. Issuance of securities. 

2. Sale or transfer of property. 

3. Securing franchise extensions or other negotiations with 
the public. 

4. Fixing of rates. 

5. Allocation of the property in establishing a system of 
accounting. 

6. Basis of taxation. 

One or more of the above are usually the cause of a valua- 
tion being made and in a majority of cases the work is decided 
upon to meet some one requirement, and if the other reasons 
are thought of at all they are given very little consideration 
an engineer being employed and asked to make a valuation of 
the property for the particular purpose at issue. Rarely is any 
thought given to the great value that can be obtained from a 
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valuation prepared in such a way as to be of use in analyzing 
the results of operation and that can be kept up to date as 
changes and extensions are made. It is only after the valua- 
tion is completed that the various uses that can be made of it 
begin to be appreciated and attempts are then made to keep 
it up to date by changing existing methods of handling charges 
to construction, replacements, maintenance, etc., at which time 
it becomes evident that the valuation should have been worked 
up in conjunction with, and in concordance with, the account- 
ing scheme and general routine of the operation of the property, | 
and be in such a form as to be of the greatest use. 

It should be the function of the appraising engineer to point 
out to the owners of the property the advantages which can 
be obtained by preparing the inventory and valuation in such 
a way as to serve the greatest possible use to them, not only 
for the purposes for which it is immediately necessary, but for 
the many other ways in which it can be of value. 


PRELIMINARY INVESTIGATIONS 
In commencing the work of making an inventory and ap- 


praisal, the appraiser should first become familiar with the 


property and just what his work is to include and just what it 
is not to include. He should also become as familiar as is pos- 
sible with the operation of the property and the function which 
each portion occupies in rendering the service for which the 
property is used. Having become familiar with these matters, 
lists of the property should be prepared, classifying the various 
items and all questions of ownership determined before the 
inventory is commenced. 

Too much stress cannot be laid upon the necessity for care- 


fully summarizing and classifying the items to be inventoried, 


as it should be borne in mind that it is almost impossible to 
include, through error, property of foreign ownership, but very 
easy to omit a structure which should be included, either through 
omission from the summary or failure to assign the work to any 


department of the organization. 


The appraiser should also make a careful study of the history 
of the property in question and get all the information avail- 
able as to the conditions under which the property was con- 
structed. А great deal of this information will not be of record 


апа can only be obtained by interviewing individuals who have 


been connected with the property. Such interviews assist very 
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materially in giving the appraiser the proper perspective with 
regard to the property, and very often bring out conditions 
which were actually met with in the construction and which 
would have to be met with again, were the property not in 
existence and to be built at the present time, which would not 
be evident to an investigator going over the ground after the 
construction was completed. 


ORGANIZATION 


The organization necessary will in a large measure depend 
upon the size of the property and the time available, but in 
any event as high a standard as possible should be established 
in the selection of assistants. It is advisable to divide the staff 
into groups or divisions, each group being in charge of an en- 
gineer qualified to direct and carry through to completion the 
field and office work pertaining to the property under his charge. 
It is essential that each division head is familiar with the divid- 
ing line between his work and that of the other divisions so that 
there will not be omissions or duplication in the work; also that 
where construction or material of the same class is to be found 
in more than one division, the same methods of inventory and 
valuation and the same prices be used in all cases. It is some- 
times advisable and particularly on large jobs to have a separate 
division to direct the office work of compiling material prices, 
‚ computing, typing, indexing, etc. 


FORMS 


The designing of the necessary forms to carry out the field 
inventory is a question of detail, but one which probably will 
affect the total cost of the work more than anything else, as in 
a large measure the extent of subsequent operations are de- 
termined by the form in which the field inventory is made. 
Carefully designed forms will often permit the inventory 
being made by more experienced assistants than would other- 
wise be possible, and this will of course reduce the cost of the 
work. It is advisable to have the information brought in from 
the field as complete as possible and in such form as to lend 
itself most readily to assembling and summarizing the infor- 
mation. 

The appraiser must, of course, in planning his forms and the 
information desired have in mind the subsequent steps through 
which the information is to be carried, and for this reason it 
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will be found that an experienced appraiser obtains data in 
his field inventory which would not be deemed important or 
essential to an engineer inexperienced in appraisal work, who 
starts out to make an inventory for the first time. This is not 
well understood, as the general impression seems to exist that 
any engineer can go out and get the necessary information for 
making a complete appraisal; but such is not the case, the ap- 
praiser’s experience pointing out to him manv elements which 
have to be taken into consideration; on the other hand he knows 
that certain other information is of little or no value, and just 
how far he can estimate and eliminate minor items without 
affecting his results bevond the limits of error always present. 


ASSEMBLING AND SUMMARIZING FIELD NOTES 


Тһе amount of work which is necessary in assembling and 
summarizing the field notes of the inventory is very often under 
estimated both in time and in money and the extent of this 
work can be very materially affected by the form in which the 
field notes are brought into the office. Insofar as possible, in 
order to avoid errors due to the personal equation, the field 
men should be required to partly summarize their notes before 
turning them in. In this way the men who make the field in- 
ventory are required to interpret their own notes as to special 
conditions, etc., which another individual might not be able to 
understand. Wherever possible, and the extent of the work 
justifies 1t, mechanical equipment, such as tabulating machines, 
should be used. Too much stress cannot be laid upon the neces- 
sity for checking and re-checking each step of the office work 
and at least a part of the field inventorv Бу others than the 
persons who did the work in the first instance. 


PREPARATION OF UNIT PRICES 


It is impossible to determine all of the unit prices which 
will be required until the field inventory is completed. The 
major portion of the unit prices, however, can be partly de- 
termined and to a large extent worked up while the field in- 
ventory is in progress. This work consists in making careful 
investigations of prices of matcrial and equipment at the time 
of the appraisal, and also for the materials which enter most 
largely into the property, such as wire, poles, cables, etc., in an 
electric distribution system, the average market prices of material 
for a period of several years should be determined, as well as 
the average actually paid by the company. 
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The other costs which enter into the unit prices, such as labor, 
hauling, etc. should be made the subject of special investigations 
and all information available compiled before finally determining 
upon the units to be used. 


INDIRECT CONSTRUCTION COSTS 

There are certain expenses which are present to a greater or 
less degree in all classes of construction and which come in 
between the direct costs, which should obviously be placed in 
the umit costs, and the general expenses, which should obviously 
be placed іп the overhead charges, and which are often difficult 
to determine and to properly place in their proper relation in the 
valuation. These expenses may be termed “ indirect construc- 
tion costs " and include such costs as tools, construction equip- 
ment, temporarv buildings, temporarv roads, transportation of 
men, camp.expenses, etc. That these costs are naturally greater 
on construction work 1n more or less inaccessible locations than 
on work located in or néar cities and towns is generally known, 
but the verv large amounts of money necessarv to meet these 
expenses and the large proportion of the total costs absorbed bv 
these indirect costs are not generally realized, and in making 
estimates of reproducing inaccessible properties the appraiser 
will in most cases underestimate these costs. Infact, unless the ap- 
praiser has at hand very competent and accurate data to substan- 
tiate his estimate he will hesitate to allow as much as he should 
for these items, as a careful analysis of construction jobs on the 
Pacific Coast, involving hydroelectric and hydraulic construc- 
tion, reveals the very surprising fact that the топеу expended 
for indirect construction costs varied from 10 to 50 per cent of 
the money expended for direct construction costs where the total 
expenditure on each job exceeded one-half million dollars. These 
costs should not be confused with overhead charges, which on 
the jobs above referred to, averaged over 25 per cent of the sum 
of the direct and indirect construction costs. 


OVERHEAD CHARGES 


There 1$ probably no other subject in connection with inven- 
tories and appraisals upon which appraisers differ as widelv as 
upon the proper allowances to be made for overhead charges, 
and while it is difficult to touch upon this subject in the space 
available here, it may not be amiss to call attention to the abso- 
lute necessity of analyzing overhead charges as a whole only in 
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connection with the unit costs to which they are applied. Wide 
divergence in overhead charges as used by different engineers 
can in many cases be traced to questions of definition, to the 
various items included, and the make up of the unit costs; also 
itis very much more difficult to obtain records of actual overhead 
costs than it 1s to obtain records of unit construction costs, and 
for this reason personal judgment and opinion enter to a greater 
extent into the determination of overhead charges than in the 
determination of unit costs. 

The overhead charges being usually applied as percentages of 
the units, offer a very convenient method of including items of 
cost that are not always convenient to work into the unit costs, 
or to set forth as separate items, and for this reason we find a 
great many items included as overhead charges that should prop- 
erly be placed elsewhere, and which when placed where thev 
properly belong are obviously proper and correct; whereas, when 
included as overhead charges, appear unreasonable. 

Without attempting to make any comprehensive definition or 
distinction as to just what costs should be included in the units, 
what in overhead and what as separate items, it is suggested that: 

The Unit Cost should include all direct costs and as much of 
the other costs as can be directly distributed to various parts of 
the work, as for instance, warehouse expenses and fire insurance 
should be added directly to the material costs, and employee's 
liability can be added directly to the labor costs. Among other 
items which should be included in the unit costs may be men- 
tioned contractor’s profit, piecemeal construction, testing, con- 
struction contingencies, etc. 

The Overhead Charge should include such general costs as can- 
not be properly allocated to particular parts of the work, but are 
a part of the total costs, such as administrative, engineering, 
engineering supervision, interest during construction, taxes 
and general contingencies. 

Expenses which should be included as separate items are or- 
ganization, development costs, discounts on securities, promotion 
expenses, etc. 

It will be noted that in the above it is suggested that “ con- 
struction contingencies " should be included in the unit costs 
and that ‘ general contingencies " should be included in the 
overhead charges. [n making this division of the contingencies 
item it is intended. that the " | 
should include all of the general and what might be termed usual 


construction contingencies ` 
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contingencies incidental to different classes-of construction, and 
that the ' general contingencies " should include such extra- 
ordinary contingencies as are liable to occur, due to fires, floods, 
catastrophes, etc. The idea in making this distinction is that the 
division of the items in a valuation should, as nearly as possible, 
approach the division which it is possible to obtain from the 
analysis of actual construction records, and in analyzing such 
records it is impossible to separate out from the unit costs the 
construction contingencies which are usual and constantly 
recurring on construction work. On the other hand, it is often 
possible to separate out the general contingencies, and inasmuch 
as these are not constantly recurring, and it is necessary to make 
some overall allowance for them, it would seem better to include 
the allowance for them in the overhead charges. 

Whatever items may be included in the units and whatever may 
be included in the overhead charges, much confusion and mis- 
understanding will be saved by a careful definition of just what 
each is intended to cover, and the appraisal will be materially 
strengthened by having the overhead charges carefully segre- 
gated rather than having a number of items grouped under an 
overall percentage. 

The following table is of interest, as it gives the results of the 
analysis of the overhead charges actually incurred on nine sepa- 
rate construction jobs on the Pacific Coast, where the total ex- 
penditures were approximately $50,000,000: 


OVERHEAD CHARGES IN PER CENT OF THE EXPENDITURES FOR 
DIRECT AND INDIRECT CONSTRUCTION 


Adminseuu ts (en a ee A 5.03 per cent. 
Engineering and supervision.............. 6.65 
Casualty and insurance... 5.600 35% e004 es Lake 
‚ BOARS and атар 1066; з:5555%%5 кезе ‚61 
Төлес and miselne г. „ои rr Ro ‚07 
Interest during construction..... 13.71 
ТОЙ оаа А зе баа А 27.24 per cent 


FORM OF APPRAISAL 
Just how much of the detail should be included in the final 


appraisal is a matter which is often difficult to decide. It is 


absolutely. necessary, however, that the final appraisal should 
refer to all of the working sheets and field notes, all of which 


should be carefully indexed, in order that if at any time sufficient 
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detail is not contained in the appraisal, the details may be readily 
located. | 

The form апа groupiny in the final appraisal is a matter for 
careful consideration and one where an appraiser's experience 15 
of great assistance to him. The proper grouping and classifi- 
cation which it is necessary to have in order to work out allow- 
ances for depreciation, deductions for portions of property re- 
moved, etc. is a matter of detail which should not be overlooked, 
as it is a very important consideration. Also the accounting 
classification in use by the company should be carefully consid- 
ered in preparing the appraisal, as in nearly all cases it is desired 
that the details of the appraisal should permit of the grouping 
of the property under certain accounting classifications. 


KEEPING INVENTORIES AND APPRAISALS UP TO DATE - 


Perhaps one of the most difficult questions which is asked an 
appraiser is that as to how the companv can best keep the in- 
ventory and appraisal up to date. This is most important in 
large properties where it is also most difficult. It is, of course, 
possible to make plans and arrangements for keeping an inven- 
tory and appraisal up to date, but this nearly always involves a 
tremendous amount of detail and for certain classes of properties 
it is very often a question as to whether the cost of maintaining 
the necessary records is not more than the results obtained would 
justify. There are certain classes of property, such as under- 
ground systems, where it is absolutely necessary to keep plans 
and inventories in great detail. On the other hand, for overhead 
distribution work just how much detail should be carried on the 
records of the company, when an inventory can be made at any 
time of all the property listed, is a question to be carefully con- 
: sidered. 

Best Way to Keep upto Date Inventories and Appraisals: An 
inventory and appraisal is necessarily made as of a particular 
date and it is usual that by the time the work is completed 
changes have been made in the property so that the conditions 
and value as set forth in the appraisal have been changed. These 
changes will continue to go on from time to time and it is not 
many years before the inventory will be considered out of date 
and a new one made necessary. In order to avoid this condition 
it is desirable that all changes made in the property be a matter 
of record and such records incorporated with the inventory and 
appraisal in such a way as to keep it up to date at all times. In 
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theory this is perhaps not a difficult matter; in practise, however, 
it becomes a very difficult one, due to the tremendous amount of 
detail involved in keeping track of all of the changes in the prop- 
erty which are made from time to time. This difficulty is also 
increased by the fact that most of the construction reports; 
that 1$, reports giving the costs of construction, are not made out 
in the same form as is the appraisal, nor are the costs of construc- 
tion ordinarily sufficiently analyzed to permit of their being incor- 
porated in and made a part of the appraisal. It is possible, 
however, to approximate the desired result fairly closely by divid- 
ing the construction costs into certain capital accounts and by 
keeping a segregation of the total moneys invested in each capi- 
tal account and likewise keeping a segregation of the items of 
equipment or materials which are added to the capital classified 
under this account. To illustrate what is meant by this, we 
might take for instance the item of ‘‘ poles ” and consider that 
we have a capital account representing the investment in poles 
and fixtures. An inventory of the property would naturally 
show under the account of poles and fixtures the number of poles 
of each length, size and kind; also under this account would be 
listed the number and detailed description of all fixtures attached 
to these poles. Now after the inventory is completed, if we as- 
sume that some changes are made in the property involving 
the removal of several poles of different sizes and replacing these 
poles with other poles also of different sizes, it is almost impossible 
to get a correct analysis of the cost of doing this work of taking 
out the old poles and the proper charges for installing each of the 
new poles of each size. On the other hand, it 1$ not difficult to 
determine an amount which as a whole should be charged to 
poles and fixtures and to keep track of the number of poles of 
each size removed and also installed. 

Any plan of keeping an inventory and valuation up to date is 
going to necessarily involve a more careful analysis of construc- 
tion costs than it has been the general practise to keep in the 
past, and also it is going to make necessary a more elaborate 
system of accounting for expenditures by the bookkeeping depart- 
ment. In the last few years great changes have been made in 
keeping the books of public utility properties by increasing the 
number of accounts through which all expenditures such as 
operation, maintenance and capital expenditures are charged, 
and just how far this increasing of the number of accounts which 
are required will go is a matter which is yet to be determined. 
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This elaboration of the accounting methods, however, will 
probably be continued to some extent at least and will make 
necessary more careful and detailed records of construction 
costs, which will in turn make the work of keeping valuations up 
to date simpler than it has been 1n the past. 

It will, therefore, probably develop that the keeping of an 
inventory and valuation up to datein the future will be accom- 
plished, with a very fair degree of accuracv, by a compromise 
between the detail in which an inventory and valuation is made 
from a field inspection, and the capital accounts that have been 
or are now carried on the books of a company. In other words, 
it will be necessary to sacrifice some of the details of the field 
appraisal and to elaborate the capital accounts in order to obtain 
a practical system of keeping an inventorv and appraisal up to 
date. 


То be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 16, 1915. 


| Copyright 1915. By A. I. E. E. 
(Subject lo final revision for the Transactions.) 


PART III. 


WORKING CAPITAL 


BY WILLIAM J. NORTON 


N ANY valuation for rate making purposes it is most es- 

sential that a careful and accurate determination be made 

of the item of working capital. In many instances this has been 

considered as a small and relatively unimportant item in the 

general rate calculation, and the analyses made by commissions, 
engineers and accountants have often been superficial. 

Perhaps the most popular method of arriving at working 
capital has been to examine the current assets and the current 
liabilities and to consider as working capital the excess of such 
assets over the liabilities. That this method is fundamentally 
incorrect is apparent when we consider that the assets may 
include periodic increases in cash, as interest and dividend pay- 
ment dates approach, or from cash awaiting investment and 
plant extension, which would largely affect the result. 

Credit must be given to Mr. Ray Palmer, city electrician of 
Chicago and his associates, Mr. A. C. King and Mr. C. B. Wil- 
lard, in their investigation of the Commonwealth Edison Com- 
pany, 1913, for first publicly pointing out this usual error, and 
in their suggestions for a better method of determining working 
capital. 

The methods suggested bv Messrs. Palmer, King and Willard, 
may be developed into a fundamental basis for the establish- 
ment of working capital and a careful study of their methods 
brings to light the essential soundness of the theory which they 


used. 
Most of our rate making cases at the present time are deter- 


mined primarily by a careful consideration of the value as found 
by the reproduction new method, and the calculation for work- 
ing capital is very often required to complete the valuation so 
found. If we assume that the complete plant has been repro- 


Manuscript of this paper was received August,16, 1915. 
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duced and is ready to operate, our working capital calculation 
then becomes an estimate of the additional cash money which 
will be necessary for the company to use until its revenue from 
operation, (and for this purpose we can assume the complete 
existing revenue) has accumulated to such an extent that no 
additional capital 15 required in its ordinary operating business. 

Under such an assumption it becomes at once apparent that 
the company is entitled to cash to pav its operating expenses 
during the first month before it bills any of its customers, and 
during such part of the second month until the bills for the first 
month are paid. We can assume that the rate to be found will 
cover merelv the complete operating expenses plus a fair return, 
and it is then obvious that the return itself belongs to the stock- 
holders at least as soon as it is received, and that this money 
cannot be considered as available for working capital. For 
instance it would be quite proper to pay dividends daily, if it 
were not inconvenient. In any event after the dividends 
and taxes are paid such funds are exhausted and the original 
amount of working capitalis alwavs necessary. 

After a company has been in operation for a short time it will 
find that while most of its customers pav their bills within the 
stated period, other bills are held back due to adjustments or the 
natural slowness of certain individuals to pav their bills, and for 
other causes, so that some additional money must be provided 
to cover the operating expenses occasioned by such customers. 
These may change as individuals, from time to time, but as a 
class thev remain permanentlv and the companv never regains 
this cash investment. 

This theory of the development of working capital is based 
for three of the important items, upon the customer's individual 
responsibility for the cash investment required by a utility in 
its general business operations. The main items of such responsi- 
bility may be divided as follows: 

1. Service received by the customer in advance of his payment 
therefor. 

2. The demand of the customer for merchandise and miscel- 
laneous supplies, and his receipt of the same before payment. 

3. The demand of the customer for uninterrupted service which 
requires a reserve supply of fuel. 

4. The general cash balance required by the utility irrespec- 
tive of the customer's direct responsibility. 
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THE SERVICE RECEIVED BY THE CUSTOMER IN ADVANCE OF HIS 
PAYMENT THEREFOR 


In the ordinary practise, of an electric utility, for instance, 
the customer receives his service over a period of 30 days. At 
the end of this period the meter is read by the company and the 
amount of monthly consumption is determined. А certain 
amount of time is then necessarily taken by the company in 
transferring the record of this consumption from the meter 
books to the customer ledgers, and in making out, checking, 
rendering and delivering the bill to the customer. | 

A certain time then elapses before the actual payment is 
made by the customer. This may, or may not, be hastened by 
Prompt payment discounts. In addition to the ordinary bills 
which are rendered and paid promptly, there are many larger 
bills, including municipal bills, which often are not paid promptly, 
and a study of the books of any utility discloses the fact that 
most companies have a certain amount of accounts receivable, 
which they carry from month to month, and year after year, 
and these require an actual and permanent cash investment. 

Each one of these processes, and the accounts, must be care- 
fully studied over a period of one year, and sometimes for a 
longer period, to determine accurately the actual cash invest- 
ment for the particular business under observation. 

The customer’s responsibility for this cash requirement is, 
however, a very definite one. This is perhaps best illustrated by 
the practise in England of requiring many electric bills to be 
paid quarterly or annually in advance. Such a payment not 
only relieves the customer of the responsibility for the equivalent 
amount of working capital, but actually establishes in his favor 
a slight credit, due to the interest upon the money so received in 
advance. The customer’s responsibility is eliminated if a 
deposit is required in advance, if interest be paid upon such 
deposits. In most states, however, a requirement is made that 
legal interest be paid upon such deposits, and the payment of 
this interest, cancels the obligation, and the company must make 
its cash investment to cover the delays. 

It is perfectly possible to conceive of a certain type of advance 
payment which would relieve the customer of his responsibility 
for working capital, to cover the outlay of the utility between the 
average time of the receipt of his service, and his payment there- 
for. But certainly this is not practical in American commer- 
cial practise, and it is much better that the usual business pro- 
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cedure obtain, and that a corresponding allowance be made for 
working capital to cover such delav as a regular investment, upon 
which the utility is entitled to a fair return, as it would be in case 
the same amount of money was invested in tangible property 
for the service of the same customers. 


THe DEMAND OF THE CUSTOMER FOR MERCHANDISE AND Mis- 


CELLANEOUS SUPPLIES AND HIS RECEIPT OF THE SAME BEFORE 
PAYMENT 

[n a similar manner itis customary for customers to require 
merchandise supplies from the utility upon demand. This 
necessitates the utility carrying, in stock, a general line of mer- 
chandise supplies, so that the customer can be promptly supplied. 
Most of these supplies, as a matter of convenience, are placed 
upon the service bill of the month following, and take their usual 
course in being paid. 

Here again, if the customer were willing that the company 
should do a jobbing business, and upon receipt of an order deliver 
the article from the supply house to the customer at the utility's 
convenience, there would be little necessity for working capital 
to cover such supply. Such a method, however, is not practical 
and it is therefore necessary to establish in working capital an 
item to represent the amount of cash actually used by the com- 
pany in its preparation to supply the customer, on demand, all 
of his desires in the way of merchandise. 


THE DEMAND OF THE CUSTOMER FOR UNINTERRUPTED SERVICE 
WHICH REQUIRES A RESERVE SUPPLY OF FUEL 


Not very different is the responsibility thrown upon the com- 
pany for constant and uninterrupted service, which requires a 
large supply of fuel to be carried on hand, as an insurance to pro- 
vide constant and uninterrupted service, as in providing against 
strikes or other contingencies. If the customer were willing to 
take the responsibility, or the inconvenience of such delays, 
this item for working capital might be eliminated. Such an 
arrangement, however, would be absolutely impractical, and 
proper service requires that the company carry a large supply 
of fuel against such emergencies. This often involves a very 
large sum, as some of the companies, in the larger cities, attempt 
to carry а fucl supply which would provide for all of the needs of 
the company for a period of one-half year or more, as experience 
has shown that protracted coal strikes are apt to run for such a 
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period. In addition to the actual cash cost to the company of 
such a reserve supply, there is an additional loss due to waste or 
shrinkage and also to deterioration during storage. All of this 
should be covered by working capital. 


(GENERAL CasH BALANCE 


| We have shown in the first three items the customer's respon- 
sibility for certain amounts of working capital and have further 
Shown that in each case the necessity for working capital could 
be eliminated but that this is impractical. The three items, 
however, represent cash actually expended by the company and 
really invested in exactly the same manner as in the case of 
buildings or machinery. 

We now come to a fourth item for which the customer is not 
directly responsible, but which should be provided as a neces- 
sary reserve to cover all emergencies. 

The methods we have used in developing the first three items 
are all average methods and represent an amount of money which 
Over а period of months or years ought to be necessary to cover 
the requirements of the company for the particular purposes 
Specified. 

It becomes at once obvious, however, that an average amount 
will at times be entirely inadequate, and we must have therefore 
à minimum balance, or actual cash, similar to a reserve of a 
bank, to cover any violent fluctuations in the business of the 
company or any combination of unfavorable financial circum- 
Stances that may arise. Тһе amount of this cash balance is 
necessarily difficult to ascertain and depends very largely upon 
local conditions. Even a small utility finds it necessary to carry 
more than one bank account, and a minimum cash balance, 
Which should never be depleted, is demanded by each bank, for 
the accommodation, and becomes the fundamental basis for 
credit in times of financial stress. Many utilities have five or 
six of such bank accounts and the cash balance expected of them, 
if their credit is to be preserved, amounts in itself to a consider- 
able sum... 

This item requires a practical and careful study in each case 
but it can be developed, on general business principles, and 
specifically applied to the utility involved. 

Two of the items above, namely merchandise supplies and 
coal on hand, are very often carried in the physical inventory, 
and are therefore omitted in working capital. А careful study, 
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however, of the proper development of the correct sum to be 
allowed, leads to the conclusion that these two items should 
appear in working capital, and should be omitted in the inven- 
tory of the physical property. | 

This is mainly for the reason that the actul amount of mer- 
chandise supplies, or fuel on hand, at the date of the physical 
inventory, does not necessarily represent a true or proper allow- 
ance for such times. For instance, if the inventory is taken in 
the summer when coal 1s running freely from the mines, we would 
not expect the inventory value of the coal to properly represent 
the amount which the company, on the average, must spend for 
maintaining an adequate fuel supply. On the other hand an 
inventory of merchandise supplies taken on the first of December 
would be high, as such sales are pushed harder during the holi- 
day season than at other times, and if the inventory were taken 
immediately after the holiday season, it would show an amount 
which 1s less than the average. 

It is now proposed to show in some detail how the actual cal- 
culation is made for working capital on the basis outlined above. 
The first process is to study the actual methods used by the com- 

' pany in reading meters and its bookkeeping and billing processes. 

In a certain company under observation, it was found that all 
meters were read in a period beginning with the 15th day of the 
month and ending with the 25th day of the month so that the 
total time occupied between the actual average date of the ser- 
vice and the payment of the bill was as follows, the meter being 
read for an average thirty day period. 


Average day's use of total consumption during 

the month- oo КЕК RES 15 days 
Average days between the reading of the meter 

and getting the bills into the hands of the 


CUSTOMER Аза ороо d l0 ^" 
Average days elapsed between the delivery of 
the bill and the payment therefor......... 13.35 “ 


Total number of days between the average re- 
ceipt of the service and the payment there- 
ТӨНЕ cons eor шаркы ост ue 38.35 days 


In determining the average time between the delivery of the 
bil and the payment therefor, the following actual record of 
daily receipts was taken for a month of 30 days. 


= Lu  ———"——— mr ERE 
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MTEAZ mm X. 
Бе 


Daily Receipts April 1914. 
Receipts Amount 


Days—Dollars 


- 


y 
3i 
% 
$ 

“ 


pril 1 $3,537.19 Ј 3,537.19 
“7-4 2,823.51 2 5,647.09 
EE i 5,364.70 X 4 21,458.80 
“Б 4,298.64 X 5 21,493.20 
e % 5,009.91 X 6 30,059 .46 
б. 7 3,811.89 X 7 26,683.23 
в 4,189.34 X 8 33,514.72 
” 9 7,166 74 X 9 64,500 .66 
241 7,657.94 X 11 84,237.34 
4 7%2 7,199 39 X 12 86,392.68 
"C a9 5,638.42 X 13 73,299.45 
#14 3.850.78 X 14 53,910.92 
“ 15 18,933.35 X 15 284,000.25 
* 16 3.842.05 X 16 61.472.80 
" т. 3,609. 68 X 17 61,364.56 
и: 38 2.314.02 X 18 41,652.36 
“ 20 3,262.20 X 20 65,244.00 
"M 2,806.11 X 21 58,928.31 
" 2 4,145.58 X 22 91,202.76 
^ 49 3,421.53 X 23 78,695.19 
я 04 972.73 X 24 23,345 52 
* 35 1,443.13 X 25 36,078.25 
4 29 1,508.56 Хо? 40,731.93 
“ 28 2,889.65 X 28 80,910.20 
* 29 876.23 X 29 25,410.67 
“ 30 1,293.06 X 30 38,791.80 

қ $111,866.36 $1,492,563 . 28 


| $1,492,563.28 + $111,866.36 = 13.35 


The total amount received corresponded almost exactly with 
the total new billing for that month and the total days-dollars ; 
was divided by the total number of dollars, giving an average 9: 
time of payment, 13.35 days. From the above tabulation we have Е 
therefore the total number of days between the average time of ` 
service and the payment of the bill of 38.35 days. As this cal- 
culation was taken for the month of April, the above amount of 
38.35 days is considered as a certain part of a year of 360 days, 
which actually works out to be 10.73 per cent of a year delay. 

The total operating revenue of this utility for the year was 
found to be $1,312,786. From this was deducted the revenue 
billed weekly, $172,924 leaving $1,139,862 applicable to monthly 
bills; 10.73 per cent, the yearly delay, was then applied to this 
amount, $1,139,862, giving the total gross cost of the delay, 
resulting from the difference in time between the average time 
of service and the payment therefor, of $122,877. 

The operating ratio excluding taxes, for that year of 46.5 per 
cent for the particular company under observation has been 
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applied, making a net operating cost of delay in this caseon 
monthly bills of $57,138. 

This application of the operating ratio, is upon the theory that 
the company should only be reimbursed for the actual moneys 
required by operation, and that no working capital should be 
necessary to cover that part of the receipts represented by such 
expenditures as taxes, depreciation, bond interest, dividends 
and surplus. 

This theory has some justification as it represents the imme- 
diate cash outlay of the company 1n advance of its payment there- 
for. On the other hand we can consider that the actual rate 
schedules in force are a contract between the customer and the 
utility, and that payment is due on the entire amount, and that 
any delay in such payment requires an actual loss on the part 
of the utility, and that either it is entitled to an immediate 
payment therefor in full or else it is entitled to the full amount 
as working capital and a fair return thereon. It is not unlikely 


that the commissions and the city authorities will insist upon 


this operating deduction, as it certainly has the effect of reducing 
to a large extent the amount of working capital, but there is no 
doubt that an equitable claim can be made up by the utilities 
for the full 100 per cent due without any deduction therefrom, 
by applying the operating ratio. ғ 

A similar study was made of the weekly bills, as applied to the 
amount of this revenue, $172,924. This study showed that five 
days were occupied in average time of use and billing, and seven 
days in payment making a total delay of 12 days. This was 
applied in the ratio of 12 to 365 days showing the average annual 
delay of 3.29 per cent, which when applied to the total revenues 
from weekly billing gave an additional gross sum, of $5689, 
and after the operating ratio of 46.5 per cent was applied, showed 
a total net operating cost of $2645. 


PERMANENTLY OPEN ACCOUNTS 


The accounts for the same utility, showed an average of open 
and unpaid accounts at the end of each month, mainly due to 
large customers and municipal lighting, after the current bills 
had been paid and before new bills were entered, varying from 
month to month from $62,000 to $112,000 per month. These 
accounts were entirely separate from the current business which in 
general was paid for after the delay of 38.35 days, as shown above, 
and represented the amount for which the company had to supply 
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cash from month to month and year after year. The actual 
average for one year of this utility proved to be $85,000 and this 
has been added to the working capital. 


MERCHANDISE SUPPLIES 

The total amount of merchandise and general supplies pur- 
chased by the company during the vear was found to be $152,604. 
А careful study of this business demonstrated the fact that the 
average turnover in this class of sales was four times during the 
vear, so that the actual cash cost to the utility of carrying its 
merchandise supplies over the vear averaged one fourth of the 
total purchases, or $38,151. Іп this case no charge was made for 
loss or breakage though this can be legitimately claimed. 


FUEL SUPPLY 
The total amount of fuel purchased during the year was 
$182,362 and a careful investigation showed that it was the policy 
of the company in actual practise never to let this supply of 
fuel go below a two month’s requirement, so that one sixth of 
the coal purchased during the year was therefore used in the 
calculation of this item of working capital or $30,394.. To this 
was added the sum of $2,000 to cover the average shrinkage 

and deterioration due to such storage. 


Minimum Casu BALANCE 


Probably the most difficult item in any estimate of working 
capital is the establishment of a proper amount for the cash 
balance to take care of the ordinary business requirements of 
the company. А study must be made of the usual methods of 
the company in doing all of its business including such items 
as petty cash, traveling expenses, advance to agents and solici- 
tors, advance on account of payroll, prepaid items, such as 
insurance, number of deposit accounts with banks, and its gen- 
eral methods in conducting its ordinary business. This amount 
in actual practise is found to be more or less alike for each 
particular utility, but it is, in general, influenced by local con- 
ditions and the practical business methods of the company. 
Mr. Palmer, in his report on the Commonwealth Edison Com- 
pany, used a sum of $500,000 as the minimum cash balance, 
which was about 3.6 per cent of the total operating revenue 
of that company for the year. It has been found, however, 
by actual study that smaller companies require a slightly larger 
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percentage and in general a minimum cash balance of 5 рег 
cent of the operating revenue for the year under consideration, 
is not excessive for this item, and for small companies should 
even be larger. The operating revenue of the company under 
consideration being $1,312,786, for the purpose of this calcula- 
tion of 5 рег cent has been used giving a minimum cash balance 
of $65,639. 

The total summarv therefore of the above items of working 
capital, would be as follows for this particular companv, having 
a total annual revenue of $1,312,786: 


Delay from monthly ІМШ5...................... $57.138 
Delay from weekly ЫЇЇз....................... 2,045 
Average open ассойп{з........................ 85,000 
Merchandise заррПев.......................... 38,151 
И 32,394 
Minimum cash Байапсе........................ 65,639 

Total working сарИа!................... $280,967 


In this particular instance, however, it was found that the 
utility had on hand $23,377 of customer's deposits, upon which 
no interest was paid. It was therefore necessary to make this 
reduction from the total, leaving a net total working capital 
of $257,590. 

It is believed, that this theory of working capital, after a 
full experience 1s gained in working it out in actual practise, 
will develop into a practical method for the determination of 
this important item, and that the soundness and equity of the 
theory will eventually be recognized by the courts and com- 
missions. 


То be presented at the Panama-Pacific Convention of 
the American Institute of Electrical Engineers, 
San Francisco, Cal., September 16, 1915. 
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AUTOMATICALLY CONTROLLED SUBSTATIONS 


WITH PARTICULAR REFERENCE TO THEIR APPLICATION 
TO INTERURBAN ELECTRIC RAILWAYS 


---- = 


BY Е. W. ALLEN AND EDWARD TAYLOR 


ABSTRACT OF PAPER 


The paper gives a definitionof an automatically controlled 
as distinguished from a remotely controlled substation, and 
also analyzes the duties of the attendant in the starting, load- 
ing, and shutting down, of apparatus in hand operated stations. 
It states that the changes in the conditions of the electric circuit 
which the attendant observes may also be utilized to operate 
control relays, and as reliable devices are already available to 
protect the machines against overload and runaway, his assist- 
ance in these matters is no longer necessary. The paper then 

roceeds on the assumption that converting apparatus should 

e automatically controlled and that the conditions which 
have heretofore governed both the design and location of sub- 
stations can be modified to advantage in many cases. It advo- 
cates a reduction in size and an increase in the number of sta- 
tions and endeavors by example to show the large saving in 
feeder copper which the proposed arrangement permits. Final- 
ly, a description is given ob the automatically controlled sub- 
арро раа on the lines of the Elgin & Belvidere Electric 

ailroad. 


— – — 


М AUTOMATICALLY-controlled substation тау Бе 
defined as опе in which the functions of starting and con- 
necting the machines to the line whenever there is a demand 
for power, and finally shutting them down after the demand 
for power has been satisfied, are all performed in their proper 
sequence, without the assistance of an operator either in it or 
adjacent stations. The automatic equipment does not require 
a separate feeder to each substation, and is, therefore, essentially 
different from a remotely controlled system with a separate feeder 
to each machine, and in which the operation both of starting and 
stopping the machines is performed by an attendant in the 
station from which the. power is supplied. 
The starting, loading and shutting down of converting appa- 
ratus in railway substations has heretofore been left to the judg- 
ment of the attendant, and ammeters and voltmeters are relied 


Manuscript of this paper was received August 10, 1915. 
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upon to show him whether or not there is a demand for power, and 
also to indicate the proper timing of the starting operations. 
The changes in the condition of the electric circuit which the 
attendant observes on these instruments, may however, readily 
be utilized for operating relavs in control circuits, and if the 
control equipment is made to act automatically in a properly 
timed sequence, his judgment in these matters is по longer 
necessary. 

The character of electric energy is such that it is possible to 
instantly concentrate a large amount of energy at the point where 
trouble develops and the standard protective devices are, there- 
fore, both automatic and instantaneous in their action. The 
chances of the attendant being able to anticipate trouble are 
remote, and abnormal conditions develop so quickly and are 
often so obscure that his principal duty under such circumstances 
is to limit the extent of the injury and confine it to the particular 
piece of apparatus or circuit in which it originated. Reverse 
current relays and mechanically operated speed limiting devices 
are generally provided and must be relied upon to protect against 
injury due to overspeed. Compound-wound synchronous con- 


_ verters, for example, usually run away in a reversed direction of 


rotation, and if the protective devices fail to act automatically, 
the circumstances attending the machines stopping and starting 
again with the opposite direction of rotation are so unusual, 
that the armature will generally have reached a destructive 
speed before the operator has analyzed the conditions and opened 
the proper circuits. 

Electrically-operated switches are reliable devices which, of 
course, do not require the services of an attendant for the work 
of closing and opening them, and careful inspection at regular 
intervals 15 sufficient to insure their successful operation. 

The authors have endeavored to state in the preceding para- 
graphs some of the reasons which in their opinion make it practi- 
cable to dispense with the services of an attendant in many rail- 
way substations, and if we proceed for the moment on the assump- 
tion that it is practicable to do this, it is evident that the de- 
sign of both converting and distributing systems will be affected 
to some extent by these new conditions of operation. The neces- 
sity of having two and even three shifts of skilled attendants 
has heretofore influenced the number, size and location of sub- 
stations, and these have in turn affected the amount of feeder 
copper and consequently the choice of trolley voltage. It is 


1915] AUTOMATICALLY CONTROLLED SUBSTATIONS 2161 


desirable to increase the number of stations and to decrease the 
relative size of the machines if they are automatically controlled. 
If the buildings are designed with particular reference to their 
ability to house the apparatus and without regard to the comfort 
and convenience of the operator, it is probable that their total 
cost will be no greater than that of a fewer number of stations 
designed to meet both of these conditions. Special considera- 
tion should be given to the saving in feeder copper, which results 
from decreasing the distance between substations and also to the 
better distribution of load between machines which this arrange- 
ment permits. 

The possible saving of copper in the direct-current distributing 
system of am interurban electric railway is well illustrated by com- 
paring the relative amounts of feeder copper required, first, on 
the assumption that a system is laid out to use the standard 
hand-operated substation, and second, on the assumption that 
automatically controlled substations of twice the number and 
having the same aggregate capacity are to be used. 

A single-track road 32 miles in length, using 40-ton cars, equip- 
ped with four 75-h.p. motors capable of a maximum speed of 
40 mi. per hr., a schedule speed of 24 mi. per hr. with one stop 
per mile, a rate of acceleration of 1.1 mi. per hr. per sec. and 
70-Ib. rails and a 4/0 trolley wire will be used. The above as- 
sumptions are common to both cases. It is estimated that in 
Case one, with three hand-operated 500-kw., 600-volt stations 
located 12 miles apart and with four-mile stub end feeds, 262,000 
lb. of feeder copper will be needed. No addition has been 
made in the total weight of copper for either the trolley feeder 
taps or the sag in the line. Six automatically-controlled sub- 
Stations, each of 250 kw. capacity, would be used in the second 
case. They should be located at or near the points where the 
cars meet and pass and should, therefore, be spaced seven miles 
apart with two-mile stub end feeds. Мо feeder copper 1$ re- 
quired in the last case in addition to the regular 4/0 trolley wire. 

These figures emphasize the relation which the feeder copper 
bears to the distance between substations, and show that the 
economical limits of the lower voltage trolley systems are con- 
siderably increased provided the location and number of these 
stations is not affected adversely by the assumption that attend- 
ants must be provided for them. 

The special purpose of the high-voltage, direct-current trolley 
system is to save feeder copper and reduce the number of con- 
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verting stations, although the latter may sometimes be increased 
to advantage under the conditions previously noted for the 


lower voltage systems. Sudden changes in current induce 


relatively high voltages in long feeders and return rail circuits, 
and furnish an additional reason for increasing the number of 
stations on theselines. In this connection it may be noted that 
the feeder circuits from automatically controlled machines are 
not opened on overload or short circuit, but are protected by 
inserting a limiting resistance in them. The energy needed to 
start cars that meet and pass on a siding near a substation 1s 
somtimes sufficient to open the breakers and even to flash the 
machines. Тһе speed and counter e.m.f. of the motors may at 
this time conform to an impressed voltage of 200 or less, but 
when the attendant closes the feeder breakers, the motors are 
instantly subjected to the normal trolley voltage of 600, which 
may flash the commutator or otherwise strain the equipment. 
The severity of these troubles is reduced if there is a reasonable 
amount of resistance in the circuit between the cars and station 
bus, and itis inadvisable, therefore, to tap the trolley imme- 
diately in front of the station. Inthe proposed system the feeder 
circuits as previously stated, are not opened either on overload 
or short circuit, the protective resistance being bridged in suc- 
cessive steps in order that the trollev voltage may be restored to 
its normal value gradually. 

Congestion of traffic does not cause dangerous overloading ot 
the relatively small units used in automatically controlled sub- 
stations, as the current-limiting devices give a drooping voltage 
characteristic to the apparatus so exposed, and the demand for 
power as shown by this drop in voltage will automatically start 
the machines in adjacent stations. The size of the individual 
machines will be small, principally because their number has 
been increased, and as they are protected from severe overloads 
their combined capacity mav be less than the capacity of the 
apparatus in railwav substations as usuallv applied to the same 
conditions. 

The proportion of load carried by the stations either side of the 
one which was overloaded could be increased if their voltages were 
raised when they were lightly loaded. Automatic field regula- 
tors for the generator end of motor-generators, and induction 
regulators for the alternating-current side of synchronous con- 
verters are available and may be used to advantage under these 
conditions. The time required for starting and connecting ma- 
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chines to the line is also of importance whén we are discussing 
the possibility of their sharing with other machines a load which 
may last only for a few minutes. А 500-kw. 25-cycle synchron- 
ous converter may be readily started from rest and connected to 
the line in thirty-five seconds, and a 300-kw. unit will require 
only twenty-five seconds for the same operation. Hand-operated 
stations would require a considerably longer time to start and 
connect to the line, and to this must be added the interval of 
. time for the attendant to observe the load conditions and con- 
clude that it is desirable to start an additional machine. The 
choice between motor-generator sets and synchronous converters 
has heretofore been determined largely by the difference in their 
efficiencies, especially at light loads, but if these losses can be 
saved and the machines are only operated under load, other 
characteristics may govern the selection of converting apparatus. 
Induction motor-generator sets in capacities below 1000 kw. 
may be started in considerably less time than is required to 
start synchronous converters of corresponding size, and this 
circumstance might influence their selection for work which made 
it necessary to start the machines within the time needed to 
accelerate a car or locomotive. Conditions of this kind might 
be found in a large freight yard. 

The voltage characteristic of shunt-wound machines 1s ob- 
viously better adapted than that of compound-wound machines 
to this system of operation, and as their control is more simple, 
they would probably be selected for new installations. | 

The light load losses are a fairly high percentage of the total 
kilowatt hours supplied to substations delivering energy to а 
system having an infrequent car service. It is estimated that 
0.5 kw-hr. 1s required to start and connect to the line a 300-kw. 
25-cycle, 600-volt synchronous converter. The running light 
losses of this machine are 0.34 kw-hr. per minute and would, 
therefore, equal in 1.44 minutes the energy required for starting. 
The load conditions in the substations of a single track road hav- 
ing a 90-minute car service, will often justify shutting down a 
300-kw. synchronous converter twelve hours during each day. 
If the passenger and freight business at a substation require the 
services of an agent, automatic starting will save the running 
light losses and will also give him more time for his other duties. 
Frequent starting by hand soon becomes burdensome and also 
involves more risk of injury to the apparatus than the other 
method. 
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The traffic conditions on an existing 600-volt system may grow 
until the management believes it 1s necessary either to increase 
the feeder copper or adopt a higher trolley voltage in order to 
handle the load and maintain the schedule, although it 1s quite 
probable that automatically controlled substations could be 
substituted to advantave for either of the alternatives suggested 
above. Compromises are often made in the engineering sur- 
veys and calculations which determine the trolley voltage and the 


size, number and location of substations for interurban electric 


railways. Standard practise in these matters is a result of many 
years’ experience and the effect of the changes suggested might 
not be sufficient when taken singly to warrant their adoption, 
but when the combined effect is considered, their use might 
easily be justified. 

The automatic control which 1$ described in the following 
pages was installed last winter in the Union, Illinois substation 
of the Elgin & Belvidere Electric Railway Company, and inso- 
far as the authors are aware, it is the first installation which 
fully meets the definition of an automatic system as given in 
the opening paragraphs of this paper. The railway company 
operates a standard gage, single-track, 600-volt interurban 
trollev svstem. Electric energv for the svstem is purchased 
from the Aurora, Elgin & Chicago Railroad at 26,000 volts, 
three-phase, 25-cycle, and 1s delivered to substations at Gilberts, 
Union and Garden Prairie, where it is transformed and converted 
into direct current at the required voltage. The substations 
ach contain a standard 300-kw. 600-volt, 25-cvcle, three-phase 
synchronous converter, three 110-kw. 26,000-370-volt, single- 
phase, oil insulated, self-cooled transformers, a reactance coil, 
a high-tension panel and switching equipment, and three low 
tension panels. The above apparatus was delivered and in- 
stalled in. 1906. "The automatic equipment was installed in 
December, 1914, in the Union substation for the purpose of sav- 
ing the light load losses and giving the attendant more time 
for his other duties. The management of the road decided 
after some experience with the first installation to adopt the 
new system of control for the two remaining substations, and 
in August, 1915, eight months after the first installation, all of 
the substations were equipped with automatic control, as de- 
scribed and illustrated in the following pages. 

A general idea of the amount and relative dimensions of both 
the hand-operated and automatic-control equipment may be 
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grouped at the right hand side of the diagram. Wherever a 


dead 
pen 


diagram (Fig. 1) shows both the complete automatic equip- 
ment and the standard hand operated devices originally supplied 
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switch. The wires with the negative sign adjacent to them 
are connected to the grounded side of the d-c. system. This 
convention was adopted to avoid a confusion of lines in the 
diagram. 

The automatic equipment is wired in multiple with the 
existing hand-operating devices and does not conflict with them 
in апу respect. The station can be instantly converted from 
hand control to automatic, or vice versa, by throwing the double- 
pole, double-throw switch marked No. 8 in Fig. 1. The various 
relays and switching mechanisms used with the automatic con- 
trol mav be divided into six groups. The first of these consists 
of an adjustable contact-making voltmeter, marked No. 1, 
and an adjustable current-holding relay, No. 37. These selec- 
tive devices initiate the process of starting or stopping the 
machine. The second group consisting of relays 2, 3, 4, 5 and 
6, 15 arranged for transmitting or stepping up the action of the 
aforementioned selective devices. Group three includes а 
motor-dirven drum controller shown in the lower left-hand 
corner, a small d-c. exciter, and an electrically operated oil 
switch shown at the upper right-hand section of the diagram. 
The next set consists of contactor No. 17 which opens the 
shunt around the series field when the machine is started; also 
four-pole contactor No. 14, which 1s used for fixing the polarity 
of the converter Бу momentarilv closing its shunt field across 
the terminals of the exciter, and contactor No. 31 serving the 
purpose of a field break-up switch and closing the shunt field 
of the converter across the terminals of its own armature. 
The contactors which carry the full load current of the con- 
verter constitute group 5, and consist of two double-pole con- 
tactors marked “5” and “В,” which are used respectively 
for applying one-half and full voltage to the slip rings of the 
converter; also four single-pole contactors No. 18, 19, 20 and 
21, which are used in conjunction with a cast grid resistance 
as a load limiting device. Group 6 includes the protective de- 
vices and is made up of the following relays: Inverse timc 
limit overload No. 26; a-c. low-voltage No. 27; instantaneous 
overload No. 23, 24 and 25; reverse current No. 35 and 36; 
and relay No. 37, which is connected to the three thermostats 
marked No. 38. 

It might be as well before proceeding further to discuss the 
salient features of the selective devices comprising the first 
group. Contact-making voltmeter No. 1 consists of an elec- 
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tromagnet permanently connected from the overhead trolley 
line to the negative rail. It is provided with a moving plunger 
connected to a pivoted contact-making arm, which moves be- 
tween an upper and lower stud, depending upon the value of 
the line voltage. The contact arm touches the top stud in 
the low-voltage or open circuit position. The closing of this 
contact is the initial movement for starting the rotary and it 
does not leave the upper post until the voltage exceeds 500. 
The lower stud is the cut-out position and the movable arm 
reaches it when the trolley potential exceeds 600. The con- 
tact arm, as shown in Fig. 1, is in the mid-position and indi- 
cates approximately 550 volts. A dash pot connected to this 
arm retards its movement about six seconds and prevents its 
responding to momentary fluctuations in the voltage. Arranged 
in circuit with the magnet of the contact-making device is a 
high-resistance tube, shown in the sketch just above the volt- 
meter. This resistance tube is normally short-circuited by the 
auxiliary contact of current relay No. 37, and under these con- 
ditions the instrument functions in its normal way. However, 
when more than a predetermined amount of current flows 
through relay No. 37, its plunger and disk are both raised, re- 
moving the short circuit from the high-resistance tube and 
placing this resistance in circuit with the magnet coil of the 
voltmeter. This action as applied to the magnet coil is equiva- 
lent to a condition of low voltage, and the contact arm will 
maintain its position at the upper stud. 

It will now be possible to follow each device in its proper se- 
quence through a complete operation of starting, running and 
shutting down of the converter. Let us assume that there аге 
no cars operating in the zone of this station, and that the poten- 
tial on the overhead trolley line is between 550 and 600 volts. 
At this time the various devices in the station are in the position 
shown in Fig. 1, and as a car or train enters this zone, the poten- 
tial on the trolley will gradually be reduced to a value of 500 
volts. Under these conditions the movable arm of contact- 
making voltmeter No. 1 would touch its upper stud, and this 
would complete a circuit through the magnet coil of relay No. 
2, whose plunger and auxiliary contact disks would be drawn up 
against and short-circuit its contact studs. The upper disk of 
this relay would form a permanent circuit for holding up its 
plunger, and the lower disk in the upper position would complete 
a circuit for the magnet coil of relay No. 3. It will be observed 
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that relay No. 2 serves the double purpose of removing the are 
from the contacts of voltmeter No. 1 and of a switch for com- 
pleting the circuit for relay No. 3, which is constructed so that it 
does not break its contact immediately after the magnet 1s de- 
energized. The plunger is provided with dash pot, toggle and 
lost motion mechanism, so that it drops slowly for two and one- 
half minutes without openiny its top contacts, but at the end of 
this period of time it engages the toggle and opens the main 
contacts. The timing device 1$ necessary in order to provide 
against this station being shut down when the only car in its 
zone ceases to take energy and stops for a short time to load 
freight or receive train orders. When this same relay is energized, 
its plunger is raised instantly, and completes a circuit through 
the interlocks of relays No. 26, 27 and 37, and also through the 
magnet coil of contactor No. 4. The last named contactor 
supplies current to one of the main studs of contactor No. 6 
and also to finger No. 14 of the drum controller. At the off posi- 
tion of this drum controller, finger No. 17 1s in contact with a 
segment of the same group and electrically connected to control- 
ler finger No. 14, which energizes finger No. 17 and the circuit 
to the magnet coil of contactor No.6. This contactor then closes 
and completes the circuit supplying energy to a single-phase 
motor used for driving the drum controller which 1$ operated 
only during the time the converter is being brought up to svn- 
chronous speed and connected to the line. The time required for 
this operation is approximately thirty seconds. As the controller 
drum is rotated toward the right, the short segment in the same 
group as those which engaged fingers No. 14 and 17 is brought 
in momentary contact with controller finger No. 16, which ener- 
sized this finger and the circuit to the magnet coil of contactor 
No. 5. The closing of contactor No. 5 energizes finger No. 1 
of the drum controller, and also completes a circuit for closing 
the high-tension oil switch marked No. 7. 

It should be noted that No. 5 contactor 1s in reality a master 
switch and has an important part to perform in the sequence of 
operation, as all the circuits required for operating the main 
solenoids switches are supplied through its main contacts, and 
when it is opened all the main solenoid switches immediately 
resume their normal or open position. Contactor No. 5 can be 
closed only when finger No. 16 engages the short controller 
drum segment opposite. Contactor No. 5 may, however, be 
held closed although it will not pick up through the segment 
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Full d-c. voltage is now available at the terminals of the 


converter, and as double-pole, double-throw switch No. 8 is зс 
in the upward position for automatic operation, апа the circuit 3 LF m ; 
to finger No. 6 of the drum controller is energized from the posi- 173 : 
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cuit through the magnet coils of line contactors, No. 18, 19, 20 
and 21 could not be established. Contactor No. 18 now closes 
and connectsthe positive side of the converter to the positive 
bus through a cast grid of 0.7 ohm resistance shown above con- 
tactors No. 19, 20 and 21. Finger No. 8 then closes contactor 
No. 19 which short circuits one-third. of the resistance. The 
negative side of the magnet coil of contactor No. 19 is carried 
through the auxiliarv contacts of current limit relay No. 23, 
which is normally closed, but 15 opened on overload. The two 
remaining line contactors No. 20 and 21 are closed in the same 
manner through controller fingers No. 9 and 10 and the converter 
connected to the line without a limiting resistance. The drum 
controller has now advanced to its full running position and 
finger No. 17 has disengaged its segment and opened the holding 
circuit of contactar No. 6. This contactor when closed completes 
the circuit through the motor driving the controller and as it is 
now opened, the motor and the controller drum stop and the 
converter continues to run so long as the output of the machine 
is above the predetermined value for which the current coil of 
No. 37 1s adjusted. 

If an overload should occur on the d-c. system, overload re- 
lays No. 23, 24 and 25 would operate and open contactors No. 


10, 20 and 21, placing resistance in the circuit. These three 


overload or current limiting relavs are calibrated for 700, 800 
and 900 amperes respectively, and the number which would 
drop out would, depend therefore, upon the magnitude of the 
overload. The relays would reset themselves and close these 
contactors when normal conditions had been restored. It will 
be observed that these contactors take the place of the stand- 
ard circuit breaker. 

А short circuit in the machine such as a flash between the 
converter slip rings or brush holder studs, operates inverse 
time limit overload relay No. 26 which opens the circuit of the 
magnet coil of contactor, No. 4, and as this contactor completes 
the holding circuit of contactor No. 5, the latter will now open, 
and in so doing will open all of the solenoid switches carrying 
the main current. Before these main line contactors could be 
reclosed, it would be necessary for the motor driven drum con- 
troler to again operate through its complete cycle. It should 
be particularly noted that overload relay No. 26 may be set 
so as to definitely limit the number of its actions to either one 
or two operations. 
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Low-voltage a-c. relay No. 27 is adjusted to break itsYaux- 
ihary contacts if the voltage falls below 10 per cent below the 
normal value and the resulting action is the same as that de- 
scribed for relay No. 26. Three thermostats marked No. 38 
afford protection to the apparatus from overheating. The 
auxiliary contacts of these devices complete the holding circuit 
of relay No. 37, which is normally in the closed position, al- 
though its action when opened 1s similar to that described for 
relays No. 26 and No. 27. The thermostats are located in the 
bearings and in the air currents from the armature ventilating 
ducts. The reverse current relay No. 35 opens master con- 
tactor No. 5, which action, as previously explained, will open 
all of the main control circuits. Contactors No. 5 1s also opened 
by the mechanical speed-limiting device on the converter arm- 
ature shaft. 

Assuming that conditions have all been normal and that the 
car or cars are leaving the zone of this substation and its energy 
output is gradually increasing in value, the plunger of current 
relay No. 37 will finally drop, closing its auxiliary contact and 
short circuiting the resistance in series with the contact-making 
voltmeter, allowing it to function in its normal manner. The 
voltage on the machine is now 600 or above and the movable 
arm of the contact making device engages the lower contact stud, 
short circuiting the magnet coil of relay No. 2, allowing its 
plunger to drop and open the magnet circuit of relay No. 3, 
As the magnet coil of relay No. 3 1$ now open, its plunger be- 
gins to fall and 1s retarded by the action of a dash pot. At 
the end of 2} minutes, the plunger has completed its travel 
and engages the toggle, opening the holding circuit of con- 
tactor No. 4 which de-energizes the circuit to controller finger 
No. 14, and drops out master contactor No. 5 shutting down 
the station. When contactor No. 5 opens, the lower auxiliary 
contacts close, energizing controller finger No. 19, which in 
turn energizes finger No. 18 and thereby closes contactor No. 6 
in the circuit of the motor driving the controller, which starts 
and advances the drum to the position indicated in Fig. 1. 
A complete cycle has now been finished and the equipment is 
ready for the next cycle. 

This paper has discussed automatic control with special 
reference to its application to electric railways. It may, how- 
ever, be used with advantage to control converting apparatus 
supplying energy to direct-current lighting and power systems, 
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and when so applied the action of the contact-mmaking volt- 
meter can, if necessary, be supplemented by a contact-making 
time clock. Some conditions of operation in large Edison 
systems may even warrant the use of a control wire from the 
substation to the load dispatcher’s office and thus provide addi- 
tional means for controlling the starting and stopping of the 
machine. Substations containing more than one unit would 
use a contact making ammeter to initiate the starting action 
of the second and third units. The saving in feeder copper 
due to increasing the number of substations supplying energy 
to an Edison system should be given careful consideration in 
either laying out a new system or extending an existing three- 
wire network. | 

The automatic system may with certain modifications be 
applied to the control of hydroelectric generating stations. 

Short circuits and heavy overloads on the bus bars of rail- 
way substations frequently transfer all of the load to one ma- 
chine by opening the circuit breakers of the other units opera- 
ting on the same busses. This may result in flashing the unit 
remaining on the busses, and if this does not occur, the machine 
breaker will probably open and completely shut down the sta- 
tion. The combination of the load-limiting resistance and its 
automatic overload relavs and contactors mav be applied to 
advantage in these substations to prevent interruptions of the 
nature described above. 

The presentation of this subject must be confined to its 
proper limits and as a full discussion of the possibilities of auto- 
matic control would lead us far afield, the paper will be sum- 
marized with the statement that the practise of converting and 
delivering a large amount of energy from a single substation 
is attended with difficulties that have retarded in some measure 
the growth of the systems which they supply. The methods 
of control described in this paper will modify the condition 
which have heretofore restricted the application of converting 
apparatus and may, therefore, extend the economical limits of 
low voltage systems of distribution. 

Acknowledgment should be made here of both the advice 
and encouragement received from Bion J. Arnold, owner of 
the Elgin & Belvidere Electric Railway Company, who promptly 
grasped the possibilities of the automatic control and provided 
the initial opportunity to demonstrate in actual service the 
desirability of an equipment of this character. 


е 


-1915] AUTOMATICALLY CONTROLLED SUBSTATIONS 2173 


Alex Dow, President of the Detroit Edison Company, pointed 
out in 1911 the limitations in the present methods of operating 
substation apparatus and suggested the use of remotely con- 
trolled equipments. His activities resulted in the installation 
of a remotely controlled substation at Detroit which has operated 
with success since 1912. The automatic control carries to a 
logical conclusion the interesting ideas involved in the instal- 
lation at Detroit. 
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RATES AND RATE MAKING 


BY PAUL M. LINCOLN - 


ABSTRACT OF PAPER 

The necessity of recognizing load factor in rate schedules 1s 
emphasized. To obtain load factor necessitates the measure- 
ment of maximum demand; a new maximum demand meter 
is described which depends upon heat and heat storage. The 
theory of such meters is discussed. A new method of measure- 
ing power factor and volt-amperes is disclosed and a method of 
recognizing power factor in the rate for electric service is 
discussed. 


HE BURDEN of the reasoning set forth in the following 
pages lies in the proposition that a logical rate for electric 
service requires information concerning the character of that 
service other than simply the kilowatt-hours of consumption. 
For instance, simply the kilowatt-hours of consumption give no 
indication whatever of load factor and it is pretty generally 
conceded that load factor must be recognized in some manner in 
order to arrive at a just and equitable rate for electric service. 
In view of the fact that in the case of some 95 to perhaps 99 
per cent of all users of central station electric service, the kilo- 
watt-hours of consumption is the only item of information secured 
for billing purposes, this might be interpreted as a sweeping con- 
demnation of existing rate schedules for such service. However, 
this general conclusion is not warranted, because long experience 
and study have taught the central station to infer correctly many 
things concerning the character of the loads taken by the various 
users of electric service that may not be apparent to the casual 
observer. Let us consider, for instance, the character of the 
service demanded by the normal private residence, which use, 
by the way, forms by far the largest number of consumers sup- 
plied by the central station. Lighting constitutes the bulk of 
the service to these private residences and the hours during which 
lighting is necessary, as well as the variation in the amount of 
energy required during these hours have been determined by 
observation with a very close degree of approximation. Hence, 
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when the central station supplies electric service to a private 
residence, it is justified in establishing a rate for that service 
which is based upon a reasonably accurate knowledge of the 
average load factor that will obtain therein. 

Fixing a rate for electric service that is based on simply the 
kilowatt-hours of consumption is closely analogous to the prob- 
lem of fixing the rental of a house or an office based on simply 
the ‘‘ man-hours of оссирапсу,” if we may be allowed to coin 
such an expression. A perfectly just and logical basis for the 
amount of rent to be paid can be arrived at if we know the 
'" man-hours of occupancy," provided we also have reasonably 
accurate information concerning the habits of the occupants. 
So also, a perfectly just and logical basis for the rates for elec- 
tric service can be arrived at from the kilowatt-hours of consump- 


tion alone, provided we know the load factor (habits) of the load 


taken. However, if the occupants of our house or office begin to 
spend a larger part of each day indoors, it is evident that our 
former basis of rental becomes illogical. So also with the resi- 
dential user of electric service; if he should begin to use his ser- 
vice for more hours per day, the rate that was established formerly 
would no longer remain logical. In other words, load factor 
must be taken into account if we would have a just and logical 
rate. 

In this connection we should not forget the evolution that is 
beginning to take place among the private residence consumers 
of electric service. Formerly the only use made of electric ser- 
vice was simply for lighting, but of late years the uses to which it 
is being applied are becoming legion. The flat iron, the toaster 
stove and other heating and cooking devices, the vacuum cleaner, 
the electric fan, the power refrigerator, etc., etc., have already 
given somewhat of a change to the character of the residential 
load, and this tendency will unquestionably continue in the 
same direction until a very material modification has taken place 
in this class of load. It may not be amiss here to suggest that a 
rate for such service based on simply the kilowatt-hours of con- 
sumption, and established during the period when lighting was 
practically the only use made of this service, will not remain 
logical and just under these new and rapidly approaching condi- 
tions. The need, therefore, of some additional information con- 
cerning the customer’s load, to the end of making a rate for elec- 
tric service that shall automatically take account of this pending 
change in conditions, is only too apparent. 
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However, justice and logic are not the only criteria by which 
tojudgearate. The question of the cost of obtaining the informa- 
tion upon which the rate is based is one of the utmost importance 
Even under present conditions, the cost of securing and handling 
the information necessary for billing purposes constitutes a very 
considerable part of the total cost of rendering electric service 
to residential consumers. Therefore, any plan that causes a 
very material increase in this cost, even though it makes for a 
more logical and more just rate, cannot be tolerated. 

When we come to consider other than residential customers, 
the question of cost of securing information for billing purposes 
is not so pressing. Very few of our modern rates for this class 
of service fail to take account of factors other than simply the 
kilowatt-hours of consumption—factors which in some manner 
recognize load factor. The most usual method is to make the 
rate depend upon the “ demand " as well as the kilowatt-hours 
of consumption. By ' demand " is meant the maximum load 
taken by the customer during some short specified interval of 
time. It has long been recognized that ‘‘ demand " should enter 
the rate for electric service. | 

More than 30 years ago, or, to be more specific, in the year 
1883, Dr. John Hopkinson first suggested the use of “ maximum 
demand ” as an item of first importance in the schedules of rates 
for such service. In his presidential address before the Junior 
Engineering Society (British) on November 4th, 1892, on the 
“ Cost of Electric Supply," he elaborated his ideas on this sub- 
ject. Soclearly did he show therein that the maximum demand, 
in addition to the number of “ units" (kilowatt-hours) used is 
absolutely essential in arriving at the cost of supplying electric 
energy, that ever since, any method of fixing rates that involved 
the use of maximum demand has been known in general as the 
“ Hopkinson method." 

Since Hopkinson's first suggestion, there has been much dis- 
cussion of this question of rates. Papers almost without number 
have been written on this subject of rates and every phase of the 
matter has received critical attention. For the past five years 
the National Electric Light Association (U. S.) has issued a 
weekly bulletin entitled ‘‘ Rate Research," and devoted to noth- 
ing else but a discussion of rates and closely allied subjects. 

Without exception, all authorities have recognized the correct- 
ness of Hopkinson's main contention, viz., that any logical rate 
for electric service must, in some manner, recognize maximum 
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demand as well as the total of kilowatt-hours of energy used, 
thereby taking load factor into account. 

When we come to consider the question of how this maximum 
demand of a customer for rate-making purposes shall be obtained, 
we are at once faced with the fact that in general tt 15 not obtained. 
When I say it is not obtained, I mean it in a relative sense. The 
electrical industry of the U. S. and Canada now absorb watthour 
meters at the rate of about one million per year. The use of 
maximum demand indicators of all types and descriptions prob- 
ably does not exceed more than a fraction of one per cent of this 
number and therefore in only this small fraction of the customers 
for electric energy is any direct attempt made to apply the Hop- 
kinson method of charge. The watthour meter has admittedly 
reached a stage of development that leaves but little to be desired. 
The modern watthour meter is accurate, cheap and relatively 
easy to maintain. However, it gives only one of the items of 
information that enters into a logical system of rates and makes 
no attempt to furnish any other. 

In order to render to a customer a logical bill for electric ser- 
vice, there 1s required more information than is given by a watt- 
hour meter. There is no better evidence of this than the fact 
that rates based on kilowatt-hours alone are becoming more and 
more rare. The modern rate-maker has long since recognized 
the fact that the information given by the simple watthour meter 
is not sufficient to enable him to render a logical bill and by some 
makeshift he has endeavored to take the maximum demand into 
account without directly measuring it except, as pointed out 
above, 1n a very small proportion of the whole number of cus- 
tomers. Probably the most frequent makeshift is to base the 
rate upon the total capacity of the customer's equipment—the 
connected load—in conjunction with the kilowatt-hours. In 
general, this method is defective because it does not take into 
account differences in the extent to which different customers 
use their equipment, and further it often acts as a deterrent to 
the increase of electrical equipment on the part of a customer, 
particularly when such equipment will be infrequently used, 
because the bill becomes a function of the amount of equipment 
rather than the extent to which that equipment is used. It is 
obviously the use of the electrical equipment, and not its mere 
possession, that should incur an obligation on the part of the 
customer to pay for electric service. But there are other make- 
shifts; sometimes the customer's own statement as to the amount 
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of his demand is taken and sometimes one or more direct observa- 
tions of the demand are made at the time of day or week when 
customer is presumably taking his maximum, and the rate based 
оп this information. When we come to lighting rates, we find 
many kinds of makeshifts. Some rates are based on the number 
of rooms illuminated; the character of the rooms illuminated 
is often taken into account. Another central station prefers to 
consider the area illuminated and still another takes the cubic 
contents of the space illuminated as an element in computing 
the rate. Still another will use as a basis the number of outlets. 
I am perfectly willing to admit that the use of almost any of these 
makeshifts results in a more just rate than the use of kilowatt- 
hours alone, but after all, they are only makeshifts and their use 
is made necessary because one of the main elements that should 
enter any logical system of rates—maximum demand—is un- 
known, so that it is impossible to recognize load factor. 
Unquestionably there are other items beside the kilowatt- 
hours and the maximum demand that should be considered in 
arriving at the ideal rate schedule. Alexander Dow, President of 
the Detroit Edison Co. who has made a close study of rate making 
{от many years, suggests three main items (Elec. World, Jan. 2nd, 
1915, Page 17) that must be considered in arriving at the cost 
of supplying a given class of customers, viz., " costs varying 
with the number of customers served, costs varying with demand, 
and costs varying with the use of energy,—that is to say, with 
the kilowatt-hours sold." The first of these items amounts to a 
service charge and needs no metering devices; the second re- 
quires the use of a maximum demand meter and the third, of a 
kilowatt-hour meter. Another item that is of prime importance 
(and not directly mentioned by Mr. Dow) is the time of the ocur- 
rence of the maximum demand. If the time of a customer's maxi- 
mum demand coincides with the maximum demand on the plant, 
then customer should manifestly pay more for his power than 
one whose demand occurs when the output of the plant is a 
minimum. Classification goes far toward meeting this point, 
since the time of the maximum demand of a given class of custo- 
mers can be predetermined with a reasonable degree of accuracy. 
Classification, however, may be viewed as another makeshift 
in rate-making and if sufficient information is obtained as to the 
customer's load, classification becomes unnecessary. When 
we come to consider the expense involved in obtaining a// neces- 
sary information for rendering a logical bill, it may easily follow 
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that proper classification 1s the preferable horn of the dilemma. 

If the fundamental basis of a rate 1$ logical, there 1$ no reason 
why the same form of rate should not be used in New York City 
as in San Francisco, in Podunk Corners as in Chicago, for power, 
light, heat or any other service that electricity can be applied to. 
But before this can take place, we must have a schedule of rates 
that takes cognizance of all the variables that enter the value of 
electric service. Maximum demand is certainly one of these 
variables, and until we have some cheap and reliable method of 
determining such maximum demand, there can be no hope of a 
universal rate schedule. 

It 1s rather surprising that so insistent a need for so long a 
time has not brought a better answer. While it is perfectly 
true that, with by far the large majority of users, there is no 
attempt to ascertain the maximum demand, this is not true of the 
largest and most important users. Progress has been made in 
the science of measuring maximum demand and some very 
ingenious devices have been proposed and used; however, this 
progress has not begun to approach the point where the measure- 
ment of maximum demand is universal. Probably the first 
device that sought to fill the need first pointed out by Hopkinson 
was that of Arthur Wright, of Brighton, England. The Wright 
demand indicator was patented in 1893 and first placed exten- 
sively on the market about 1896 or 1897. 

The Wright demand meter is described in a later paragraph 
in this paper. "This instrument was used to a very considerable 
extent during the first years of its existence, but in late years 
it has fallen much out of vogue. The reasons that it has not 
been more generally used are several. In the first place, it 
recognizes current only and consequently voltage must be as- 
sumed constant. In the second place, even assuming constant 
voltage, it gives the kilovolt-amperes and not the kilowatts of 
maximum demand. In the third place, it will not indicate a 
consumption below about 20 per cent of its full scale. In the 
fourth place, if used to measure polyphase loads with unbalanced 
phases, or two-wire loads with unbalanced sides, its indications 
are highly inaccurate. In the fifth place, the instrument con- 
tains glass bulbs and tubes, and hence is not best suited to with- 
stand the severe service and rough handling that such instru- 
ments are apt to get. In the sixth place, the time-characteristics 
are not very satisfactory; most of the indication is acquired in 
the first few minutes of load, but there is a creeping effect that 
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lasts for an undue time. This will be referred to again in a later 
paragraph. It might have overcome all of these shortcomings 
if, in the seventh place, it has not been generally unreliable for 
reasons that will be pointed out later. Other indicators of the 
same general type of Wright’s have been recently announced, 
but not enough experience has yet been obtained with them to 
determine their sufficiency. 

In addition to Wright's indicator, other maximum demand 
meters have been brought out that depend upon determining the 
number of revolutions made by a standard watthour meter with- 
in some short fixed interval of time and of recording the total 
revolutions of the particular period of time which has a maximum. 
These instruments have, in general, given highly satisfactory 
results in all respects except cost. The first and upkeep cost of 
these meters is so high that they can be used only on the larger 
customers. 

In still another type, the time of response of an indicating 
wattmeter of the usual induction type is delayed and regulated 
by an associated integrating wattmeter. This type gives greater 
promise than anything heretofore suggested. The standard 
graphic wattmeter has also been used to give information as to 
maximum demand and is ideal for this purpose, but the question 
of cost here is even still more serious. 

For the reasons set forth in the foregoing, I have felt for many 
years that the crux of therate problem lay in the method of meas- 
urement and in the items of information that were obtained. I 
have long believed that we would never have a complete solu- 
tion until rates were based on the actual measured load factor 
and, therefore, there could be no complete solution until we had 
some cheap and accurate method of measuring maximum de- 
mand. 

The remainder of this paper will be devoted to the description 
of certain devices that I would propose for the purpose of meas- 
uring maximum demand. 

The meter which I am about to describe is accurate, and at the 
Same time cheap; it has a perfectly uniform scale from zero to 
its full reading; it will measure kilowatts or kilovolt-amperes, or 
both these quantities by two separate pointers at the same time 
and on the same scale if desired, thereby taking power factor 
into account; it can be readily manufactured to give the demand 
that occurs during any period of time varying from one minute 
to one hour (or beyond these limits if necessary); and lastly, it 
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may be used on polvphase or single phase circuit,— balanced or 
unbalanced, with an equal degree of accuracv. 

My device depends upon heat and heat storage, and there- 
fore, there may be some question as to just what is the character 
of the ‘‘ demand " that is thus obtained. It may therefore be 
well first to analyze briefly the character of the average that will 
be indicated by any heating and heat storage device. | 

If we apply heat at a given rate to any mass of matter, the 
temperature of that matter will begin to rise and will continue 
to rise until the rate at which heat escapes is just cqual to the 
rate at which it is applied, that is, until a state of equilibrium 
is established. It can be mathematically demonstrated (see 
Appendix 1) that if heat be applied to a body at a constant rate 
and if the rate of escape of heat from the heated bodv is propor- 
tional to its temperature rise above its initial temperature, the 
relation between time and temperature elevation above initial 
is in a logarithmic or exponential curve. For instance, if onc- 
half the final temperature of equilibrium is acquired 1n a given 
period of time, one-half of the remainder will be acquired in the 
next following equal interval of time, one-half in the next inter- 
val, etc., etc. The heat content is, of course, measured by the 
temperature rise of the mass above its initial temperature. 
If therefore, we could have a mass of matter maintained іп an 
environment of constant temperature, and could constantlv 
impart heat to that mass at a rate that is alwavs proportional 
to the watts flowing into the circuit we wish to mcasure, the 
temperature rise of that mass at anv instant will not be due to 
the watts passing at that instant, as is the case with the indica- 
tions of an indicating wattmeter of the usual tvpe, but will be 
the resultant of all the wattage flow that has passed, each instant 
of past flow having a valuc influenced in respect to its time prox- 
imity by a logarithmic law. This resultant is not an average in 
the commonly accepted sense of that word. When we use the 
word “© average " 1n 115 commonly accepted sense, we assume that 
each instant of time over which the average is taken has equal 
weight. In the resultant that is obtained bv а heat-storaye 
meter, each instant of time has not an equal weight, but the in- 
fluence of each instant decreases with its remoteness in point of 
time, and the degree by which the watts during any instant 
influences the total indication is proportional to e-^, where e 15 
the base of Napierian logarithms, А 1$ an adjustable constant, 
and ¢ is the time measured backward from the instant of observa- 
tion. For want of another name, let us call the resultant thus 
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obtained by means of thermal storage the “ logarthimic average." 
Such a “logarithmic average " has some unique advantages 
over the commonly accepted form of average when used for 
maximum demand purposes, which will be further discussed 
later. 

There is a hydraulic analogy that may be of some assistance 
in seeing the action of this thermal storage meter. Suppose 
we wish to measure the average rate of flow of a given stream or 
other supply of water. А pitot tube placed in a pipe carrying 
the water would measure at each instant the amount of water 
flowing. This is analogous to measuring the watts of a circuit 
with a wattmeter of the usual instantaneously responding type. 
Suppose now that the flow of water is very intermittent and we 
are not interested in the instantaneous flow of water, but simply 
wish to know the average amount of the water that has passed 
in say any ten-minute period. This could be accomplished by 
causing the stream to flow into a barrel or tank of sufficient capac- 
ity to hold the maximum flow of water during any ten minutes 
and providing it with a hole in the bottom of such size that a 
given and known percentage of its contents at the beginning of the 
ten-minute period will run out, provided of course that по new 
water is added during the period. The height of the water in 
the tank would then alwavs be a measure of the “ logarithmic 
average " flow of water during the previous ten minutes. Our 
analogy would be more perfect if the rate of escape of water from 
a tank were alwavs proportional to the amount of water in the 
tank. This is not strictly true in our water tank analogy, since 
the law connecting head and velocity through an orifice is not 
a straight line law., Still, the analogy is sufficiently close to 
convey an idea of the operation of such a thermal storage meter. 

The equation that represents the relation between the time 
and temperature, (See Appendix 1) after beginning to apply 
heat to a mass of matter and as described in the foregoing, has 
the general form, | 


9 = Г, (1 — е“) 


where @ = the temperature elevation above the initial temper- 
ature at any time. 
T, = the temperature elevation attained at equilibrium, 
or the final temperature elevation. 
е = the base of Napierian logarithms. 
k = an adjustable constant. 
and ¢ = the time elapsing after heat application begins. 


[ 14 
. 


2184 LINCOLN: RATE MAKING | [Oct. 8 


Fig. 1 shows a graph of this curve. The heavy vertical lines 
are drawn across the curve at equal time intervals, such that the 
temperature elevation increases by one-half the remainder for 
each time interval. This particular period of time—that re- 
quired for the mass to change its temperature by one-half the 
remaining amount— is the condition by which this curve was 


PERCENT OF TEMPERATURE 


described in a preceding paragraph. It should be noted that no 
matter what is the final temperature, the shape of the curve 
among which the mass approaches this final temperature has 
these same characteristics. 

It is admittedly impracticable to maintain a mass of matter in 
an environment of constant temperature or to continually impart 
heat to it at а rate proportional to the wattage of a circuit. 


Fic. 2 


Although this result is impractical of attainment, it is not only 
practical, but relatively easy to obtain an exactly equivalent 
result. This may be accomplished by using two masses of matter 
which have their relative heat-impartation rate proportional to 
the wattage of the circuit to be measured and determining the 
temperature difference of these two masses. This may be ac- 
complished in a wattmeter as follows: Referring to Fig- 2, let 
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a and b be two equal resistances. These two resistances are 
connected in series across the secondary of a small transformer, 
the primary of which is connected across the main circuit. The 
current of the circuit to be measured is also led through these 
same resistances in the manner indicated in the diagram, passing 
from the middle point of the secondary winding in parallel through 
the two halves of the transformer secondary and the two re- 
sistances to the junction point between the two resistances. 
If we assume the instantaneous direction of the current to be 
indicated by the small arrows, marked J, the direction of the 
voltage at the same instant (assuming 100 per cent power 
factor) will be indicated by the small arrows, marked Е. Evena 
casual inspection will show that the relative directions of the 
currents in resistances a and 5 will be different. Let us represent 
by Г; the current in these resistance due to the passage of the 
line current J, and by Г. the current through the resistances due 
to the existence of the voltage E. In resistance a the resultant 
current will be the sum of 1, and J;, while in resistance b, the 
resultant will be their difference. In resistance а the heat im- 
parted will be proportional to (Г. + J;)?, while in b it will be 
(I, — I;?, The difference between these two quantities is 
obviously proportional to the product Г. 1, or proportional to 
watts. It may be shown that this device constitutes a true 
thermal wattmeter and that its indications are always propor- 
tional to watts whether the circuit be direct-current or alternating 
current and if alternating current the device 1s still a true watt- 
meter independent of power factor and wave form. (See Ap- 
pendix 2.) · 

Such a wattmeter also has a uniform scale. The reason for 
this is indicated in Fig. 3. The curve A represents the heating 
that takes place in one resistance, wherein the heating is propor- 
tional to (Г. + 12%; the curve B represents the heating that takes 
place in the other resistance, wherein the heating is proportional 
to (I, — Г). Curve C shows the difference between curves A 
and B, and obviously consists of a straight line passing through 
zero when the current /; is zero. 

This thermal wattmeter is not new; in fact it is quite old. 
A British patent was issued to Mr. M. B. Field (No. 15168/97) 
in 1897 covering such a thermal wattmeter. A German patent 
to R. Bauch (No. 111,721) also covers a somewhat similar device. 
However, this idea of superimposing current and voltage 
effects has not been used in conjunction with thermal storage to 
obtain an effective maximum demand meter. 
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If we embed the two resistances a and b in two similar masses 
of matter and arrange to measure the difference in temperature 
between these two masses, we will have a slow-responding meter 
that gives the “ logarithmic average ” of the energy that has 
passed during a given period prior to observation. The length 
of this period can be fixed by means that will be shown later. 
Since the indications of the device rest on differential tempera- 
ture,it is evident that it is entirely independent of the temperature 
of the environment, since that will affect both masses equally. 
It is also evident that such a device may be made to respond 


4 
CURRENT 1, 


Fic. 3 


correctly to a polyphase circuit by using two or more pairs of 
equal resistances, one pair on each phase. 

The type of wattmeter shown by Field or Bauch, or for that 
matter, any other type of wattmeter, can be used to indicate the 
maximum instantaneous demand, but they cannot be used to 
show the demand that exists over the periods of time demanded 
by modern commercial conditions. Maximum instantaneous 
demand is far too variable and uncertain a quantity to be used 
as a basis of rate making. 

All rate-makers recognize that the demand must last for an 
appreciable period of time before it is proper to use it as a basis 
for rate-making. The actual period of time used varies Over 
wide limits, varying not only with the ideas of the rate-maker 
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but also with the character of the service. One minute is the 
minimum time that I have ever heard proposed and one hour is 
about the maximum. Many other periods have been suggested, 
concentrating mostly on five minutes, fifteen minutes and thirty 
minutes. The meter І am herein proposing is particularly 
advantageous since it permits of being designed to give the 
average consumption over any desired length of t me, as will be 
pointed out later in this paper. 

How shall we measure this differential temperature? One 
method is to use one or more pairs of thermo-couples, one joint 
of each pair being embedded in one mass and the other in the 
other. A thermo-couple determines the difference in temperature 
between its two junctions and therefore seems ideal for this pur- 
pose. Although this method is perfectly feasiLle, and some work 
has been done upon it, other means seems preferable. 

The property of matter that causes it to expand with heat is 
one that may be readily used to accomplish the desired object. 
If we use expansion, what kind of matter shall Бе used? Other 
things being equal, it 1s only common sense to select that kind of 
matter that gives the most expansion for a given temperature 
change, since that will give us not only the maximum of accuracy, 
but the minimum of complication. Matter presents itself to us 
in three states,—gas, liquid, and solid. In point of expansi- 
bility, these three states arrange themselves in the order given. 
А true gas at constant pressure varies its volume in proportion 
to its absolute temperature. At an atmospheric temperature 
of 20 deg. cent. for instance, and constant pressure, a variation 
of 1 deg. cent. will cause a change in volume of approximately 
0.34 per cent. 

Liquids vary largely in respect to expansion, As a rule, when 
а liquid approaches its boiling point, its cocfficient of expansion 
increases rather rapidly. Liquids with a high temperature boil- 
ing point have a fairly uniform expansion coefficient at ordinary 
atmospheric temperatures. Practically all liquids Lave an abrupt 
change in this coefficient when they change either to the gaseous 
state by boiling or to the solid state by freezing. The rate of 
expansion is as high as 0.15 per cent per deg. cent. for some li- 
quids. For ordinary kerosene the expansion rate is about 0.1 
per deg. cent. and about the same rate holds for alcohol at usual 
atmospheric temperature. | 

When we come to consider solids we find a very much smaller 
expansion coefficient. Among metals, aluminum is nearly a 


‚у к 
7. 
2 .” 


um 
* ^ 
pe фа 
- RS 
) 7 т " 
nn d А = 
22 


«^ 


ивр -ori + 
" 


> 
do 
..... 


Li 
— et. - 


t : 
% 
UNDC 


An а 
у 

.. 

Re 


Бар 


-- --- 
м os 


e 
v n. 
* 


рыл” 


шеу, 


. > 
„* 

aL 

ron: 
4“ 

— 


.* = 
- EL 4 4! 
4 м E 
«2 d a х 
ots 1. 2544 
4 Е; { 2 2 с 4 
' + -T № 
а: 17 
“2741 ЕБ! 
2%” „ Ж 5 
: . Ld “Sere % 
г eL KE | 
7 „е GE T RE 4% 
$14 wee IM VÀ EN 4 am 
oF rn 1 тя, ГЕ 1154 
4 Т 28 е. і 
ZI Г) VERI si LY | * 
os ` ар 7 чи. 
ЕЛІ. UT 5 М 4” 
MIT ка 2@ SB БЕ ЕЕ Pis le 
T =. h ESS * 
ө Deere be ГҮ: $^ 
"Е ' ERF 1415 ры АИ 
25 See БЕКЕ {111 «- 
ЕР | & Sipe etsi 5. 
Aum di uid 
< E і = 4» (.. , 
ыз зет”! 942% . 
t Mh $ 4 >” Г } f T 
ЕЕ т. hb 1. - Er 4 
. b = - ` 23.1 з. 1 
Mi srix ГЇ: 
..” к. %:2. Гы i: ар - 
4%» т ‚ $ > ea > AL 
- y i. ы: 7. = " 
TB Amb ai 
* 215 E ay 4 4 + 
f » ... . - 
" a - - А Е 1 127%. 4 
27". ydf. Dr EF 
- 13 4:25, "x* "ls rA 5 “ 
” “ & 2 
* 1 p: t: D "T a 
at £34 9). 5 > 
ЖЕРТІСІІ 1! я 
t EBE ESTE ae 
42543328 1%. 
OUR X 5%: . - 
$ jP „> Lr i i ғ; * 
SA P 7 Ww Ж 
гей е 54: к. {ej 
. + Berra 7 4 { s 
, е.» i os = s 
б 4 4” 2. > ЕТ 4 7 
4" . b ty А КАРИА, i 
Р КЕТЕРІ Тач 
th wi К. б 
247 a * ЗЕ | + » 
ни: | 
1 LETT! " 
. n4 > m" 
! ' * LJ ? > E ` t. . 
E 1:” b» 4534 
2 17S | ie ж. LP “4. e -» 
<} сока. 
. ж % Fas T LI се» * b » 
" 85 art AIO © ^ 
яа. - . РГ * 2 ** 2l P 
Aut 2:5 , 
ЕНІН 
ое ҮН ІІІ!” 
r AES -I EEE F EIE 
c2 въ - 
“Зь 1.3 7 ўі oak. 
КЕТ ^ 124% “+r F ‚ 
“. ‘Se 1 1.471 7 
. A A АТ Е . % E * 
> t 4 гг. ‘3 51 95. җон 
кү ^ Id ыы. į 
,? » | vi 81,2 EC | ~ - 4 B | 
! AM Ж T ) È i “с 7 
“ Se: 1 "E > "2 = 
TED І | 
ME LI. 52: ISFE 1414. 
3 71 1 But ы .11! 4 
"AG id 14 м . | * 
ib | MRED £ 55» 22 ] 
1:86 19,140 1, 
Ji | ES Sew es 1 LP 11). 
"ЕНІ; м Erie 14117: 
^ Et р 4. Е: LS i 3! і 
1E "e | 1% ‘et | 1.1 > 1 M 
T. , 4-9 11 
Д. ware > . 4 
4” LA 3 7% | 
rf t Е} і 
e 7 - г > ! - ө. LI 
‚ 93 =. п F P | 2! : 
921 Ж. { | "3. 
) - е! s 
S +} ee eee ІЗ 
T bf ~ I , I4 v -ф- - $ 
7 % X 8%) | LI * 
4:1 "ЗЕТУ УНЕ 
Se i) dpe SS BE) Bie 
қ at” ! M ы =] Fi 4 1 
| 42. . "Pas P i I; Ж 
ІЗЕТТІ 11 
49% кюе Д "ds 
O) . LES A 1 E 
ЗЕТТЕУ > P3 
T % p» d b 4 


2188 LINCOLN: RATE MAKING (Oct. 8 


maximum with a linear expansion of about 0.0022 per cent per 
deg.cent. Some solid organic compounds, such as ebonite, have 
a considerably higher temperature coefficient, going as high as 
0.0077 per cent linear expansion per deg. cent., Some may go 
higher, but even the highest expansion of a solid does not ap- 
proach the values that may be obtained from liquids or gases. 
The use of a gas 1s objectionable since its vo'ume depends on 
pressure as well as temperature. If the movement of the device 
requires power, some of the pressure will be expended for this 


Fic. 4 


purpose, and if a gas is used, some error will result, depending 
upon the amount of pressure required to cause movement. © 

liquid is practically free from this objection, most liquids рев 
almost as incompressible as steel. The much higher coefficient 
of expansion of almost any liquid, compared to almost any solid, 
makes the choice of a liquid preferable. For these reasons there 
fore, I have chosen the expansion of a liquid as the асаба ПЕ 
force in my proposed meter. It is, of course, essential to select 
a liquid that will have a practically uniform rate of expansion 
between the temperature limits over which it is used. Ordinary 
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kerosene is one such liquid although by no means the only one. 
I have used xylene with success and there are many other liquids 
that meet the necessary conditions. 

Fig. 4 shows one form of my proposed meter. There are of 
course many forms that this meter may take, and this shows only 
one of them. In Fig. 4, the arrangement of the circuits is the 
same as in Fig. 2, A and B being the two resistances. These 
resistances are here shown as immersed in the liquid within the 
closed cylinders C and C’. Location inside is not necessary, but 
it makes for a little greater uniformity of temperature of the 
surface. The cylinders C and C’ are filled with oil or some other 
liquid that has a proper temperature expansion coefficient; 
D and D' are a nest of expansible diaphragms, so arranged that 
as the liquid changes in temperature, the variation in volume is 
indicated by the vertical movement of the rods E and ЕЁ. The 
arrangement shown of placing the nests of diaphragms within 
the cylinders will cause a minimum of interference with ventila- 
tion. The liquid 1$ thus sealed into a chamber, the volume of 
which is variable. The outer ends of the two rods E and Е, are 
connected to opposite ends of an arm F pivoted at its center point 
С. The two cylinders are mechanically connected together 
and so mounted that they are free to move vertically as a unit, 
without affecting the indications of the pointer О. То the arm 
Е is attached the gear sector т engaging with the pinion №, to 
which is attached the pointer О. The angular position of the 
arm F is obviously dependent upon the relative temperatures of 
C and C'. "The effect of this structure is evidently to indicate 
by the position of the pointer O, the difference in temperature 
between the liquid in C and that in С’. The actual temperature 
of the liquid has no effect,—only the difference in temperature. 
It is apparent therefore that this structure will constitute a watt- 
meter that has a lag in time between the passage of energy and 
its indication of the meter, the character of the lag being such 
that the meter will register the ''logarithmic average," as de- 
scribed in a previous paragraph. The time over which this 
logarithmic average is taken may be adjusted by means that will 
be indicated in following paragraphs. A loose pointer may be 
added to be pushed around by pointer O and left in its highest 
position and this will indicate the maximum demand since 
last set. 

In another form that I have tried, I have used Bourdon tubes 
sealed ful] of an expansible liquid. As the volume of the liquid 
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changes with temperature, the tubes change their radius of 
curvature and this change may be used to actuate the meter. 
Still other forms will readily occur to those who will give the 
matter a little thought. Forms that use the expansion of gases 
or solids instead of liquids can, of course, be readily devised. 
The main thing is to have a mass of matter that will require an 
appreciable time to become heated, and wherein the thermal 
drops occur at the boundary surface, and not appreciably within 
the mass of matter itself. | 

Let us now get some concrete idea of the relation between 
physical size and the time required to heat certain masses of 
definite and specified shape. Let us first assume a mass of 
a spherical shape, freely suspended in still air. By ''freely 
suspended " I mean so suspended that the suspension conducts 
away no heat, and at the same time does not interfere with the 
escape of heat from the surface by convection. Let us represent 
by Е the quantity of heat in gram-calories per second that will 
escape from each square centimeter of one sphere for each deg. 
cent. that it is elevated in temperature above its surroundings 
(emissivity). We will assume a straight line relation between 
temperature and rate of heat escape. This matter will be further 
treated later. 

If we assume that the sphere has a radius of a cm., the total 
surface will be 4 т a? cm. and the escape of heat for an elevation 
of Т, deg. cent. will be at the rate of 4 па? E Т, gram-calories 


persecond. The volume of the sphere will be 5 п аз, the weight 


5 т аз), where D is the specific gravity, and the gram-calories 
ofheat necessary to impart toitin order to elevate its temperature 
by 7, deg. cent. will be E та DK Tı, where К is the specific 


heat of the material of the sphere. Suppose therefore we begin 
to impart heat to our sphere at the rate of 4 T a? E T, gram-calo- 
ries per second. Evidently it will continue to rise intemperature 
until it reaches the equilibrium temperature of T, deg. cent., 
where according to assumption, the rate of escape of heat is just 
equal to the rate of imparting. Suppose now we assume that, 
during the process of raising the temperature of the: sphere, no 
heat escapes, and that as soon as final temperature is attained 
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heat begins to escape at normal rate. During the process of 
raising the temperature therefore, all the heat goes into the 
sphere, making the rate of temperature increase constant during 


this period. Since it requires $ та DKT, gram-calories to 


raise the temperature of the sphere by T, degrees, and since heat 
is flowing in at the rate of 4 T a? E Т, gram-calories per second, 


evidently the number of seconds to attain final temperature will 
be: 


$ та? ОКТ, 
— X 25.3 
4ràET, 3. E 


In Fig. 1 а a a shows the curve of temperature change under 
this constant rate assumption. Аза matter of fact, the sphere 
will begin to radiate heat as soon as there is any departure from 
initial temperature and, instead of following the line a a a, the 
time-temperature curve will really be the logarithmic curve 


Db. еее a 


3 DA. seconds, the temperature will 


actually be 1 — 1 = 63.2 per cent. of the final temperature. 


What this really means is that if we apply heat at a constant rate 
to a sphere, the time required to attain any given percentage 
of its final temperature is independent of everything except the 
dimensions of the sphere, the specific gravity, the specific heat 
and the rate per degree of temperature elevation by which heat 
will escape from the heated sphere. 

The time in seconds for a sphere to attain 63.2 percent of its 


final temperature rise is the quantity 3 ы E | 


D (specific gravity) is definite and fixed as soon as we have 
selected the material of our sphere. The same is true of the 
quantity К (specific heat). The quantity E, (heat emissivity) 
1$ the rate in gram-calories per second at which heat will escape 
from each Square cm. of the hot body for each deg. cent. of tem- 
Perature elevation above environment. This quantity follows 
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a somewhat complex law when the temperature elevation is 
large, but a simple one when temperature elevation is small. 
Heat escapes from a hot body in three ways; by convection, by 
conduction and by radiation. The first two ways, convection 
and conduction, follow a straight line law—that is, escape of 
heat through them is directly proportional to the elevation in 
temperature above surroundings—at least, for small temperature 
rises. Radiation, according to the Stefan-Boltzman fourth- 
power law, increases at a much higher rate than the other 
methods of escape. As long asthe temperature rise is kept low— 
and by “low ” I mean that the hot body shall not be more than 
50 deg. cent. above its surroundings—the loss by radiation is so 
small compared to the losses by convection and conduction that 
there is no noticeable departure from the straight line law. 
The Stefan-Boltzman law for radiation is 


Е, = 0 (Ті = Г“) 


Where E, = loss by radiation in gram-calories per second рег 
sq. cm. of surface. 
0 = aconstant. 


T, = absolute temperature of hot body. 
Г. = absolute temperature of environment. 

For '' black bodies" 0 = 1.277 X 10-7 (Smithsonian Physical 
Tables). If therefore we assume the environment at 300 deg. 
absolute (27 deg. cent. or 80.6 deg. fahr.) and the hot body 50 
deg. cent. higher, the loss per sq. cm. by radiation is 0.0088 
gram-calories per second for a “ black body." For ordinarily 
clean brass or copper surface, such as meter parts would probably 
be made of, the radiation loss 15 only a small fraction of the 
“ black body " radiation. Langmuir (A. I. E. E. TRANSACTIOS, 
Vol. 31, page 1229). in interpreting certain results of Kennelly's 
on copper wires, placed this fraction at considerably less than 
5 per cent. Since convection losses for the same temperature 
difference would be about 0.0125 gram-calories per second per 
54. cm., and since a temperature difference of 50 deg. cent. is 
probably more than good practise would ever dictate, we can 
see that the effect of radiation in an actual instrument is quite 
negligible. 

When we come to study convection loss, we find a rather 
surprising lack of accurate data on this branch of physics. All 
authorities agree that convection loss varies directly as the 
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temperature elevation above environment. The shape of the 
hot body also has an effect, bodies of small radius of curvature 
losing heat faster per sq. cm. of surface than those of large 
radius of curvature. Prof. Boussinesq (quoted by Kennelly 
in paper on forced thermal convection, Am. Philosophical Soc. 
Vol. 53, 1914) arrives at the result that convection loss per 
sq. cm. on cylindrical rods 1s inversely proportional to the square 
root of the diameter. In order to arrive at a conception of the 
physical dimensions of the cylinders of our meter for certain 
specific times of response, we will assume that this square root 
law is correct. I find that it is practically correct over the range 
of cylinder sizes with which I have experimented. It does not 
seem to hold very well with the very small wires (0.01 to 0.07 
cm. diamteter) with which Kennelly experimented (A. I. E. E. 
TRANS. Vol. 28, Part 1, 1909), and for surfaces of very large 
radius of curvature the law evidently does not hold, since for 
flat surfaces,—infinite radius of curvature—it would give zero 
loss by convection, an obvious inconsistency. However, for 


the range of sizes that I would use, the relation E = M 
а 


where а is the radius 1п ст. holds with а sufficient degree of 
accuracy for all practical purposes. The accuracy of this 
relation is not essential, since some other value cf Е will simply 
mean that the times of response that are given in a later para- 
graph are not exactly correct—that certain parts might have 
to be made a little smaller or a little larger or modified in 
some other way to arrive at a certain given time of response. 

The effects of thermal conduction will be considered in a 
later paragraph. The determination of E therefore fixes all 
of the quantities that govern the time of response of our meter. 
As we have seen, if the meter is made up of two equal spheres, 
the time to attain 63.2 per cent of final temperature is 


1 DK ais эл 
ай = 1333 ОКа 


If we consider long cylinders instead of spheres, the time of 
response becomes: 


іт а = 2000 DK а” 


ы 


2194 LINCOLN: RATE MAKING . [Oct. 8 


The question now arises, shall we Вх the time of our device 
by the period required to attain 63.2 per cent of final temperature, 
or shall we use some other proportion. In my opinion, the 
time-value should be fixed as that necessary to attain 90 per cent 
of final value instead of 63.2 per cent. This will mean that a 
steady load that will cause the meter to attain 90 per cent of 
the final value in a certain time period, will cause it to attain 
99 per cent in two similar time periods, 99.9 per cent in three 
periods, etc. In Fig. 5 is shown the relation between the 63.2 
per cent time value (in curve ccc) and the 90 per cent time 
value (in curve bbb) each on the basis of a ten-minute meter. 
It will take 2.3 times as long for a meter of this type to attain 
90 per cent of its final value as it does to attain 63.2 per cent. 


Hle 


5 


PERCENT OF TEMPERATURE 
5 


TIME-MINUTES | 
Fic. 5 


The line ааа is also drawn in for the purpose of comparing the 
indications of a maximum demand meter giving an average 
of the commonly accepted type with ‘‘ logarithmic average ” 
given by the heat storage type. If we place a given steady load 
on each of these three types of meter, they will approach their 
final reading along these three lines of Fig. 5. The meter that 
gives the commonly accepted form of average will indicate a 
maximum demand in direct proportion to the time the demand 
is maintained. For instance, if the demand lasts for only one- 
half the full period, only one-half the normal rate of taking 
power will be indicated; if for the full period, the full rate will 
be indicated; and if the demand lasts longer, then one full 
period, the indication does not increase. With the 63.2 per 
cent meter, if the demand lasts for one-half the period, 39.3 


ети ee oogle 
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per cent of the full rate is registered and for the full period, only 
63.2 per cent, the demand must last 2.3 periods before 90 per 
cent of the full rate is registered, and for 4.6 periods before 
99 per cent of it is registered. With the 90 per cent meter, 
if the demand lasts for one-half the period, 68.3 per cent of the 
full rate is registered, and 90 per cent for the full period, 99 per 
cent for the two periods, etc. 
| Fig. 6 may give а little more concrete idea of the nature of 
the average measured by a thermal storage meter. Suppose we 
| have a load constantly varying with time as indicated by the 
M broken line CH DEIK FM. If we apply a thermal storage 
meter to this load of such characteristics that it requires one 


Жа hour for it to attain 90 per cent of its final indication, the cooling 
(or heating) curve of that meter will follow the law indicated 
. by curve A. The quantity that will be indicated by such а 
+ . thermal Storage meter at any given instant, (for instance, at. 
" _ 12 O'clock in Fig. 6), will be proportional to the cross-hatched 
. rea under the broken line C' H' D' E' I' K' Е" M. The value 
pu |. of the ordinates of this cross-hatched area at any instant are 
_ Proportional to the value of the power ordinate at that instant 
 Teduced by the ratio of the ordinate of curve A at that instant 
pen е maximum ordinate О С of curve А. If wecan just imagine 
wis Curve А as continually sliding along the power curve, the 
4 uantity which it measures will always be proportional to an 
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area that is secured at each instant, just as Fig. 6 shows it at 
the instant of 12 o’clock. 

If our meter is a ten minute meter instead of a one-hour 
meter—that is, if it takes only ten minutes to cool down or 
heat up to within 10 per cent of its final value—the quantity 
that will be measured will be proportional to the cross-hatched 
area under the broken line K” F” M. In this case, the ordinates 
of this area are reduced in accordance with the logarithmic curve 
B instead of A; the curve B comes down to 10 per cent of its 
initial value in ten minutes instead of one hour as in the case of A. 

Reference to Fig. 5 will make it evident that the rate of 
taking power as indicated by the 63.2 per cent meter at no time 
exceeds the rate as indicated by the type of meter that gives the 
commonly accepted form of average, no matter how short a 
time of measurement is involved. In other words, the inclina- 
tion of the curve ccc at zero time is the same as that of aaa. 
The inclination of the curve b b b at zero time is 2.3 times that 
of ааа or ccc, which means that if the demand lasts for only 
a very short proportion of {һе meter period, the rate indicated 
by the 90 per cent meter is 2.3 times the rate that would 
be indicated by the meter measuring the commonly accepted 
form of average. I do not consider this a disadvantage since it 
is universally admitted that the user who makes a large rate of 
demand for power for a short period should pay more than the 
one who makes a smaller demand for a longer period, the kilo- 
watt-hours of the demand being the same in both cases. This 
condition is one that is automatically recognized by the “ log- 
arithmic average " meter. 

Another point in favor of the “ logarithmic average ” is that 
the heating of generators, cables, transformers and other electri- 
cal apparatus follows exactly the same kind of a law. There- 
fore, when we are approaching the limit due to heating, a “ de- 
mand ” based on a “ logarithmic average ” is much more logical 
than one based on the commonlv accepted form of average. 

Another point should be borne in mind; in a meter that 
measures the commonly accepted form of average, each time 
period is registered without reference to what has gone before; 
that is, each time period stands onits own bottom. Forinstance, 
if an extraordinarily heavy demand that endures for only one 
complete meter period occurs and one-half of this demand occurs 
in one meter period and one-half in the next following period, 
the meter would register only one-half such maximum. The 
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90 per cent “logarithmic average " meter would register 90 
per cent of such a demand no matter when it occurs. In the 
logarithmic average meter, it is the increment of energy over and 
above the preceding steady condition that begins to affect the 
registration along this logarithmic law. For instance, suppose 
we have a load that has been maintained at 90 per cent value 
for a long enough period to bring the “logarithmic average ” 
meter to its steady state. The meter will then indicate the full 
90 per cent of energy. Now suppose another 10 per cent is 
added; it is this increment of 10 per cent that begins to be regis- 
tered along a logarithmic curve, not the whole amount. 

Coming back again to the question of the physical size of the 
parts required for a given time of response, we now have com- 
plete data to make the determination, provided we assume the 
meter is composed of either spheres or long cylinders, and pro- 
vided we know the specific gravity and the specific heat of the 
heated parts. In a previous paragraph we found that the time 
required to attain 63.2 per cent of final temperature was 1333, 
DK a3/2 for spheres and 2000 DK a? for long cylinders. То 
attain 90 per cent of final temperature these values must be 
multiplied by 2.3. 

In the following table, data concerning the time of response 
. for various materials are given: 


A B С. р Е 
Айчтїпшт......................... 0.583 778 18.5 42.5 64.0 
Сегбейылы ола 0.36 480 11.4 26.3 39.5 
О Е ат REY 0.898 1200 28.6 65.5 98.5 
Соррег............................ 0.83 1110 26.4 60.6 91.0 
c РОЗИ 0.902 1205 28.7 66.0 99.0 
TOR doi cessio да айны are 0.34 453 10.8 24.8 37.3 
Метсчгу........................... 0.445 593 14.1 32.5 48.8 
Nickel оона pet Su eas 0.962 1285 30.5 70.3 105.0 
Роваввішті......................... 0.145 193 4.6 10.6 15.9 
ӘПКЕ сылы а ыры ра 0.583 779 18.5 42.6 64.0 
о ЕЕ 0.38 507 12.1 27.7 41.7 
/^ PIC 0.67 895 21.3 49.0 73.5 
А\соВо1!............................ 0.486 650 15.4 35.5 53.5 
Сіусегіпе.......................... 0.726 970 23.1 53.1 79.7 
Olive OU оа аа о лее 0.442 590 24.0 32.3 48.5 
Тигрепнпе........................ 0.358 478 11.4 26.2 39.2 
Рештойештп.......................... 0.45 600 14.3 32.9 49.4 
Ху[епе............................ 0.392 522 12.5 28.7 43.0 
Тоїаепе........................... 0.37 493 11.8 27.1 40.6 
а еее 


“. е 


; 
+ 
eb. o 


2198 LINCOLN: RATE MAKING [Oct. 8 


Column A gives the value of the product of DK; specific 
gravity multiplied by specific heat. 

Column B gives the time in seconds for a sphere of one cm. 
radius to attain 63.2 per cent of its final temperature. 

Column C gives the minutes for a sphere of one inch diameter 
to attain 63.2 per cent of its final temperature. 

Column D gives the minutes for a sphere of one inch diameter 
to attain 90 per cent of its final temperature. 

Column E gives the minutes for a long cylinder of one inch 
diameter to attain 90 per cent of its final temperature. 


0.00025 
Va 
If Е has some other value, the following values will not hold 
aecurately. 

The following table gives in column A the diameter of iron 
rod or wire that will arrive at 90 per cent of final temperature 
in the time given in the first column, as calculated by the above 
formula; in column B it gives similar data for a material where the 
product of DK is 0.5. This is approximately the value of the 


product of DK for a cvlinder containing oil as shown in structure 
of Fig. 4. 


These results are based on the presumption that E — 


Minutes. A. B. | 
1 0.059 0. 085 | 
2 0.094 0 14 | 
2 0.174 0.257 | 
10 0.276 0 3405 
15 0.36 0.536 
20 0.4357 0.648 
30 0.572 0.850 
45 0.75 1.113 
60 0.91 1.350 


There are many wavs 1n which the time of response may Бе 
regulated. Time to attain a given percentage of final кетіре. 
ture depends upon the ability of our mass to store heat compare 
to its ability to get rid of its heat. This ratio may be regulate 
DK _ (time 
E 
ill 


in many ways. Ап analysis of the expression — а 


3 
for a sphere to attain 63.2 per cent of final temperature) “ 
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indicate many of the possible methods at once. For instance, 
the time of response may be increased by making any change 


TE 1 
that will increase the value of — а such as increasing the 


DK 

В Em 
dimensions, increasing the product DK or decreasing Е. The 
time may, of course, be decreased by a contrary operation. 
Since a sphere already has a minimum of surface for a given 
volume, a change to any other shape will obviously decrease the 
time of response. 

It may also be well to indicate some methods of changing the 
time of response that are not at once obvious upon a considera- 


tion of the quantity 3 a DR. As indicated in the fore- 


going, a sphere gives the maximum time of response (considering 
a given amount of material), and a change to any other shape for 
our mass of matter, will decrease the time. This general method 
of changing the time of response may be carried to almost any 
hmit. “ Wings" which will increase the radiating surface 
without correspondingly increasing the mass may be added 
almost without limit. Also, the heat emissivity E may be in- 
creased by artificial ventilation or by immersion in a liquid, or 
modified by other means. Still another possibility is to encase 
the masses of matter in a heat insulation. This will have but 
httle effect upon the radiating surface, but on account of the 
comparatively large thermal drop through the heat insulation, 
will cause the heat storage capacity to increase largely. This, 
of course, will have the effect of increasing the time of response. 

The complete analysis of the relation between the rates of 
heat application to two similar bodies and the resulting differen- 
tial temperature between these two bodies is given in Appendix 
3. From that analysis it is evident that the time of response of 
this differential temperature may be reduced to almost any ex- 
tent by thermal shunting. Suppose, for instance, we made the 
two oil-holding cavities shown in Fig. 4, in the same block of 
metal so that the rate at which the two cavities may exchange 


heat is very large compared to the rate at which either may lose . 


heat by convection; it is evident that such a construction will 
reduce the time of response to almost any desired extent. In 
general, the matter of adjusting the time of response becomes a 
question of design. It is, of course, desirable to reduce the 
amount of energy taken by a meter to a minimum, and this re- 
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quirement will, in general, lead to a minimum amount of thermal 
shunting between the two masses, since a given time of response 
can then be secured with masses of minimum dimensions, and 
therefore with ninimum losses. 

The type of meter shown in Fig. 4 is capable of being readily 
adapted to wide variations as to time of response, using the same 
working parts. This may be accomplished by so proportioning 
the natural tube size that it has a time of response of say ten 
minutes. For longer times of response, jackets may be slipped 
over the cylinder C and С’ that add to the mass of these parts, 
but does not correspondingly increase the radiating surface. 
For shorter times, jackets of small mass and provided with many 
metal “ wings " of considerable radiating surface may be pro- 
vided. Thus the same working parts may be used to cover a 
large range of time—probably as large a range of time as would 
be called for in commercial practise. 

It may be well at this point to call attention to some of the 
points in design that must be watched. Connections must, of 
course, be made to any meter in order to take in the necessary 
current. Heat will be taken out by virtue of the heat conduction 
of these leads. Take, for instance, a five-ampere meter; this 
would be provided with leads of probably not less than No. 18 
copper wire, and of a length of say four inches. Copper is a 
good conductor of heat as well as electricity,—so good in fact, 
that the two No. 18 copper leads four inches long will carry off 
about as much heat as one square inch of surface will lose by 
convection to the surrounding air, assuming that the outer ends 
of the electrical connections remain at normal air temperature. 
Say we have 10 square inches in the surface of each actuating 
cylinder in Fig. 4, 1t follows that about 10 per cent of the heat 
generated would be taken away by the heat conduction of the 
electrical leads. So long as the conduction of heat away from 
both cylinders is at the same rate per degree of temperature rise, 
there will evidently be no error, since it is temperature difference 
that causes the meter to indicate. The form of meter that I 
have shown is particularly advantageous from this point of 
view, because the connections, as well as all other parts of the 
two cylinders, may be exact duplicates in every respect. 

However, this gives us a clew to the cause of the unreliabliity 
of the Wright demand indicator, mentioned in an earlier para- 
graph, particularly in the larger capacities. Fig. 7 indicates 
roughly the construction of a Wright demand meter. A and B 
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are two equal glass bulbs at either end of a glass U-tube C. The 
U-tube C is partially filled with a liquid D. One of the bulbs 
A is wound with resistance ribbon, while the other bulb is simply 
exposed to the surrounding air. The current to be measured is 
passed through this resistance ribbon and the heat due to this 
current causes the air in bulb А to expand. The liquid in U-tube 
€ is thereby forced down in the lefthand side and up in the right- 
hand side. An auxiliary tube F catches this rising liquid, and 
the amount of liquid in the tube F as measured on the scale g 
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indicates the maximum demand in current since the meter was 


last set. In the Wright meter, it is the differential temperature 


that causes a response, just as it is in the meter I have herein 
Proposed. In the Wright meter, this differential temperature 
will depend on the rate at which heat can escape from the resist- 
ance strip around the bulb A in Fig. 7, and this ‘in turn will 
obviously depend, to a very considerable extent, upon the size 
and external temperature of the leads connecting with terminals 
Tand Т, The radiating surface of the bulb of the Wright meter 
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is of the order of 5 to 15 square inches. We have seen that a No. 
18 wire (1624 cir. mils) four inches long will dissipate about as 
much heat as one square inch of surface will lose by convection. 
This would be the approximate conditions for a five-ampere 
meter. If, instead of a five ampere meter, we are dealing with 
say 100 amperes and are using а №. 3 lead (52630 cir. mils) 
instead of a No. 18, we will see that a very large proportion of the 
heat would be carried away by conduction and thereby cause a 
large and indeterminate error. In other words, in meters of 
large ampere capacity, it 1$ not convection that carries off most 
of the heat, but conduction out of the lead wires. We can at | 
once see that the size of the leads run to the terminals Т and Т, 
of the meter and their outside temperature condition must have 
a marked influence upon the indications of such a meter. If a 
wireman were sent to connect up a 100 ampere meter, he might 
use any size of wire from No. 4 to No. 1, and it is obvious that 
the relative heat conductivity of the wire selected will have 
a marked influence on the indications of the meter. Also, the 
temperature conditions outside the meter will have a marked 
effect. For instance, if the meter is inside a warm room and the 
leads enter from the outside through a wall, it is evident that the 
temperature of the outside air will have a marked effect on the 
indications of the meter. It will make a great difference whether 
the air around the outside lead wires is a winter temperature of 
20 deg. fahr. below zero, or a summer temperature of 100 deg. 
fahr. above. This all comes about because, with the Wright 
meter, onlv one bulb is heated and much of the heat of the hot 
bulb is taken away by the lead wires, particularly in the larger 
capacities. Another source of error that the Wright meter 1s 
open to, is hot joints in the leads close to the meter, thereby af- 
fecting the temperature of the active bulb А, while it would have 
no effect on the passive bulb B. | 

Not only does this analysis show the reason why the Wright 
meter is inaccurate, but it indicates the remedy,—viz., make 
both bulbs (A and B of Fig. 7) duplicates insofar as the dissipa- 
tion of heat by conduction is concerned. This can be accomp- 
lished by winding both bulbs with exactly duplicate windings 
connected with duplicate leads to the terminals of the meter. 
The passive bulb would be provided with a winding E; which is 
a duplicate in every respect of the winding E except that the 
winding Е; would be open-circuited so that no current could flow 
therein, and if this open circuit is made at such a point as not 
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to interfere with heat conduction (the middle of the winding) 
the compensation will be complete. 

As indicated in an earlier paragraph, it has long been recog- 
nized that the time characteristics of the Wright meter were 
unsatisfactory. It acquires mcst of its deflection in a compara- 
tively short time after the application of the load and then creeps 
to its final position with extreme slowness. A brief analysis 
shows the reason for this action. Referring to Fig. 8, let К bea 
strip of resistance metal connected between two terminals T, 
and Т», current being brought in through the leads L, and Lz. 
When current is passed, the resistance strip will begin to heat. 
The time required to heat this strip alone will depend upon the 
ratio of the heat-storing to the heat-dissipating ability of the 
strip. Considering the strip alone, therefore, the time of response 
would follow a simple logarithmic curve. However, as soon as 
the strip begins to rise in temperature above the terminals 7, 
and 75, heat will be conducted from the strip into these terminals. 
The ratio of the heat-storage to the heat-dissipating ability in 

the terminals is entirely different from the 
strip, making the time of response for these 
terminals, in general, much longer than 

for the strip. As the terminals begin to 
Fic. 8 rise in temperature, heat 1$ in turn соп- 
ducted away from them by the leads L, and 

L, and these have still another ratio of heat-storage to heat- 
dissipation ability, and as a consequence, still another time of 
response. The final time of response of the average temperature 
rise along the strip К above the surrounding atmosphere 1$ a 
combination of all these times. At first, the time of response 
is dictated almost entirely by the characteristics of the strip R. 
After this attains a large part of its final temperature rise, heat 
is conducted into the terminals and from that point on, the time 
of response is dictated almost entirely by the characteristics of 
these terminals. This time is in general much slower than the 
strip. A Wright demand indicator has practically the same time 
characteristics as the structure shown in Fig. 8, and it is thus the 
presence of the terminals and the incoming leads that causes the 
initial rapid response and the later creeping in these devices. 
The addition of the ‘‘ dummy winding ” as indicated in Fig. 7 
entirely obviates this difficulty since the relative temperature 
of the two bulbs is independent of the actual temperature of the 
terminals. Thus, the addition of the “dummy winding " 
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not only makes this form of ammeter accurate and reliable, but 
it also removes the unsatisfactory time characteristic that has 
always been so objectionable in the Wright meter. | 

However, the Wright form of meter is so objectionable on other 
accounts that it probably could not compete successfully with 
а form similar to that shown in Fig. 4. It is of glass, it requires 
a considerable amount of free space in front to provide for reset- 
ting, and it occupies much more space than the form shown in 
Fig. 4. | 

In regard to the question of power factor and its effect оп rates 
for electric energy, there is practically no authority that does 
not agree that power factor should be taken into account 1n some 
manner. The user who takes his energy at a low power factor 
uses more generator capacity, more transformer capacity and 
more transmission and distribution capacity, than the user who 
has a high power factor. Although 
this has always been acknowledged, 
it has rarely been recognized in the 
rate for service, for the simple 
reason that there has been no 
simple and effective means for de- 
termining the power factor of the 
customer's demand. Fortunately 
the meter I have described lends 
itself beautifully to a system of Fic. 9 
rates that includes power factor 
as one of the variables to be determined and recognized in the 
rate. А description of my method of accomplishing this may be 
of interest. | 

Any wattmeter is also a reactive component meter when 
properly connected ;in fact, the wattmeter measures the projection 
of the current of a circuit upon that particular phase angle that 
is across the voltage coil. Refer to Fig. 9, and let OA represent 
in magnitude and direction the value of the volt-amperes we 
wish to determine completely. Let AOC be the angle of lag in 
the volt-amperes taken. A-wattmeter will measure the pro- 
jection OC, while a reactive component meter will determine 
the projection OB. It is evident therefore that if we use botha 
wattmeter and a reactive component meter and combine their 
indications in a proper manner, the quantity OA can be deter- 
mined both in magnitude and in direction. А further analysis 
will show that it is not essential that the projections determined 
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be on the xx axis and the yy axis. Suppose we have a voltage 
direction zz. A wattmeter with the voltage across zz will deter- 
mine the projection OD. It is obvious that we can combine any 
two of the three quantities, OB, OC and OD to determine the 
Magnitude and direction of the quantity OA, provided we know 
the angle between the directions along which the two projections 
Used are measured. It is simply a matter of determining the 
Position of a point when its distance from two lines disposed at a 
known angle to each other is given; a matter of very elementary 
analytical geometry. 

Fig. 10 shows one method in which this principle may be used 
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amperes on the circular scale and the power factor on the diagonal 
lines. 

Thus, a singleinstrument will give practically all of the informa- 
tion that one wishes to know about an alternating circuit 
except voltage. It would seem that an instrument built on lines 
indicated in Fig. 10 would have a уегу considerable field of use- 
fulness. 

In the ordinary case, one quarter or less of the scale shown in 
Fig. 10 would be sufficient. The entire scale of Fig. 10 is needed 
only when the load swings from input to output and when the 
phase under either condition may be either lagging or leading. 


Fic. 11 


Ordinarily the load flows always in one direction—either input 
or output as the case may be; ordinarily also, phase always lags 
or always leads, as the case may be. Each of these conditions 
cuts off one-half the complete scale in Fig. 10, and both condition? 
cut off three quarters of it. 

In some cases it may be an inconvenience to use the two-dimen- 
sion scale shown in Fig. 10. Тһе quantities that are most neede 
for rate-making purposes are the watts and volt-amperes © 
maximum demand. А convenient method of avoiding the dis- 
advantages of the two-dimension scale, and at the same time 
securing the value of the maximum demand of both these 
quantities, is shown in Fig. 11. Here AA and BB are respec 
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tively a wattmeter and a reactive component meter of the type 
shown in Fig. 4. The moving parts are provided with exten- 
Sions c and c’ which are disposed at a right angle to each other. 
The pointers D and D’ are actuated by cords which pass around 
Pulleys E and E’. In the case of the wattmeter, the cord is 
attached to a fixed point, and from this point passes through a 
Small hole in arm c immediately adjacent to the fixed point of 
attachment, when the arm is in its zero position, thence around 
small pulley F and is wound round and attached to pulley E. 
It is evident that the cord will always be pulled out and the pulley 
Е rotated by an amount proportional to the watts. To actuate 
the pointer D’ of the volt ampere meter, the cord is attached to 
the arm с and thence passes through a small hole in arm с’ 
located immediately adjacent to the point of attachment to с 
(these points being selected at zero watts) and thence around the 
small pulley F’ and is wound around and attached to pulley Е’ 
(axis coincides with pulley Е). Owing to the right angle relation- 
ship between arms с and с’, it is evident that this cord will be 
pulled out and pulley Е’ rotated by an amount proportional 
to Vw? + w,? where wis the watts апа ш, the reactive component 
of the circuit. This quantity is volt-amperes. Two loose 
pointers may be provided to show the maximum of each quantity 
that has occurred since last set. 

At some relative values of watts to reactive component, there 
Will be some error in the determination of volt-amperes on ac- 
Count of the departure from a right angle relation between 
arms c and с’. If desirable, other mechanical structures may of 
Course be devised to avoid this source of error. 


SUMMARY 


1. A logical and just rate for electric service cannot be based 
RE kilowatt-hours alone. 
k <. Load factor must be recognized in some manner in order 

mive at a logical rate. 
bo ` «I order to recognize load factor it is necessary to measure 
lowatt-hours and maximum demand. ° 

€asurement of the demand is preferable to inferring this 
Y by any indirect means. 
*asurement of demand by heating and heat storage 
e leads to a logical result, since the limiting capacity 
kin 4 Paratus for supplying the service is fixed by a law of like 


quantit 


devices 
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6. Power factor should preferably be recognized when 
measuring demand, since the heating capacity is limited by kilo- 
volt-amperes, not kilowatts. 

7. Devices, depending on heating and heat-storage, which 
are simple, cheap and accurate can be supplied for the purpose 
of measuring maximum demand either in kilowatt or kilo- 
volt-ampere, or both. 

8. The time period for these devices may readily be varied 
to cover the entire range recognized by modern practise. 


APPENDIX 1 


If we apply heat to a mass of matter, what is the law that 
connects temperature rise with time? 

Let E — emissivity in gram-calories per sec. per sq. cm. of 
boundary surface per degree cent. of tempera- 
ture rise above environment. 

4 S = area of the boundary surface in sq. cm. 
“ Т, = the final temperature rise attained above environ- 
ment (which remains at constant temperature). 


* М = the amount of heat (in gram-calories) stored in 
our mass of matter for each degree of temperature 
rise. 

“0 = instantaneous temperature above environment. 


When heat is applied to our mass of matter we will assume 
that the thermal drops within the mass are negligible compared 
to the thermal drop from the boundary surface of the mass to 
the environment. The error resulting from this assumption in 
actual practise is so small as to be inappreciable. The rate 
at which heat 1$ applied in order to attain a final temperature 
of Т, degrees is evidently 5 E Т, gram-calories per second. In 
a differential time dt the amount of heat that enters the mass 
is evidently SS E T, dt gram-calories. Part of this heat goes 
to elevate the temperature of the mass and the remainder escapes 
from the boundary surface into the environment at a rate propor- 
tional to the temperature rise above environment at that instant. 
If 0 is the temperature rise at any instant, then the rate at which 
heat escapes from the boundary surface is evidently S E Т, 


M ог S E 0, and the amount of heat that escapes in differential 
1 


time dt is 5 Е @ dt. Тһе amount of heat that goes to elevate 
the temperature of the mass in the same differential time 15 
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evidently M d 0, where d @ is the differential increase in tem- 
perature that occurs in time dt. 


Obviously, 
5ЕТ, & = 5Е даё + M d0 


The solution of this differential equation is: 
SE, 
ON (i-e ) 


The time of response evidently depends wholly upon the 
value of the coefficient of ¢ in the exponent of e. Further, this 
value obviously does not depend upon the final temperature, 
but simply upon the size, shape, material and environment of the 
mass of matter—Qquantities that are constants with a given mass 
in a given environment. 


APPENDIX 2 


Let J, be the current that flows through the resistances that 
is proportional to the voltage, and Г, the current therein that 
is proportional to the current of the circuit measured. If the 
currents J, and J; are direct current or if they are alternating 
current of €he same wave shape and in phase, it is obvious that the 
resultant current when /. and 1; are superimposed is J, + I; 
when 7, and J; are of the same sign and J, — J; when of opposite 
sign. The heating effects are of course proportional to the 
squares of these values, and the difference in the heating of 
these two derived currents is (J. + 1)? — (I, — І)?- 41. Ji, 
and therefore proportional to watts. 

When 1, and J; are alternating currents of different wave 
shapes and out of phase with each other, the result is not so 
obvious. Suppose we have any e.m.f. wave that has an effective 
value of I. It is well known that this wave may be assumed 
to be composed of a fundamental frequency sine wave having 
an effective value of Ie upon which are superimposed harmonics 
of higher frequency having effective values of 7,» for the second 
harmonic, 7,3 for the third, 1,, for the fourth, etc., etc. It 
is well known that | 


Ха = ДАР + Г. Toa 
Similarly in any current wave, 
I? = lèt В + 1+ 
Let us now superimpose J; upon J, the fundamental frequency 
Fe. being the same аз I; but having a phase difference of 0). 
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Let us further assume a phase difference of 0; between Zez and 
Ij, of 0; between [з апа Г,зеїс., etc. It is well known that super- 
imposing Ги upon 1, there being a phase difference of 9, will 
produce a resultant sine wave having an effective value of 


V I? + Ha? 21. Icos. If now Га be reversed with respect 


to Г, the resultant current is м1. + J? — 214 Га cos б. 
The heating effect of these resultant currents is proportional to 
the squares and the differences in heating effect of these two 
resultants is obviously 414 Га cos б. The reversal of I} with 
respect to 1, will obviously reverse each harmonic and the 
difference in heating effect of each resultant harmonic is evi- 
dently of the form 4 Len Lin cos 0,. Where currents of differing 
frequency are superimposed, the resulting heating effect 1s equal 
to the sum of all the heating effects of the various frequencies 
taken separately. 

Therefore 


(I. + Hy? — (1, — Ii = 4 | Za Га Cos 0, + I His Cos д. + 
I .3 [3 Cos 05 + "OM gree ee ] 


As is well known, the quantity within the brackets is the 
general expression for the energy of an alternating circuit having 
any voltage wave with an effective value of Ie and any current 
wave with an effective value of J; and anv phase difference. In 
other words, superimposing J; upon Ге first with one relative 
direction and then with J; reversed with respect to Ie and sub- 
tracting the squares of the resultant currents thus obtained, 
gives exactly four times as large a result as multiplving the 
instantaneous values of J, and Г; and integrating the product. 


APPENDIX 3 


Suppose we have two similar bodies А and B to which we 
apply heat respectively at the rates of Н, and И» gram-calories 
persecond. Suppose further that these two bodies are connected 

Бу a thermal shunt c, that will carry heat be- 
tween A and B at the rate of Q gram-calories 

per second for each degree cent. of temper- 
ature difference. Assume that the surface and thermal storage 
of shunt C are negligible. What is the law that governs the rela- 
tion between rates of heat application, resulting temperature 
differences and the time of response of temperature difference 


after beginning the application of heat on a change in its rate of 
application? 
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Let H, = the rate in gram-calories per second at which heat is 
applied to A. 


Н» = the rate in gram-calories per second at which heat is 
applied to B. 


Q = thermal conductivity of shunt C in gram-calories per 
second. 


9, = instantaneous temperature of A above environment. 
instantaneous temperature of B above environment. 
heat emissivity of each body in gram-calories per 
second per degree cent. per sq. cm. of surface. 
S = surface in sq. cm. of A or B (similar). 
M = amount of heat in gram-calories stored in A (or B) 
per degree cent. of temperature rise. 
It is then evident that 
H, dt = amount of heat that is put into A in differential 
time dt. 
Нз dt = amount of heat that 15 put into B in differential 
time dt. 
S E 0, dt = amount of heat that escapes from surface of A 
in differential time dt. 


ых 
ии 


5 E dt = amount of heat that escapes from surface of В 
in differential time dt. 
M d 0, = amount of heat that is stored in A in differential 
time dt. 
M d 0, = amount of heat that is stored in В in differential 
time di. 
О (0, —9.) dt = amount of heat that flows through shunt from A 
to B time dt. 


It is evident that there are only three wavs to account for 
the heat that enters А, namely, 


(1) It may escape from the surface by convection. 
(2) It may escape by conduction through thermal shunt Q. 
(3) It may be used to raise the temperature of A. 


Exactly the same statement is true of B, except that the sign 
of the heat transferred through the thermal shunt C is opposite. 
It is evident therefore, that, 


Н.а! — Q (0, — 6) dt = SEO,dt + Md 0, 


Н,Ш + О (0, — 62) dt = 5Е 0,1 + Md 0, 
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Subtracting, 
(H, — H3) dt — 2Q(0, — 02) dt = Md (0, —0:) + SE (0, — 62) di 
Or, 

(H, — Н) dt — (S E + 20) (0, — 0.) dt = M d (8, — 62) 


This differential equation is of exactly the same form as that - 
derived in Appendix 1 and similarly its solution 15, 


_ Н, = Н. с шн 
0, 9. =. SE + 20 (1 е М 


It will be noted that when И» = 0, 0, = 0and О = O0 this 
equation reduces to exactly the same thing as found in Appendix 
1, as of course it should be. 

This analysis also makes it evident that the differential 
temperature between two bodies having heat applied to them 
at different rates follows the same transient time law as a 
single body maintained in a uniform environment. Also, it 
shows that the law is not disturbed in form by the introduction 
of thermal shunting between the two bodies. The differential 
temperature (9, — 0.) becomes finally, when ¢ becomes very 
large, proportional to the difference in rates of heat imparting 
(Hı— Н.); the differential temperature approaches this final 
value along a logarithmic curve, and the time in seconds to 
attain 63.2 per cent of final value is, 


M 


Е 20 


If Q is zero and the body is a sphere, this reduces to exactly 
what we had before. If Q be made large compared to SE, 
this will obviously affect both the final value that 60, — б, 
attains—making it smaller—and also affects the time to attain 
this final value—making it shorter; this is evident since the 
quantity 5 E + 20 appears both in the coefficient of the quantity 
(1 — e-+!) and also in the exponent of e, as a coefficient A of t. 

As we have seen from Appendix 2, the value of the quantity 
Н, — Н. 15 always proportional to the watts of the circuit, pro- 
vided we have an arrangement similar to that shown in Fig. 2. 
If therefore, we measure the differential temperature 0, — б. 
it will constitute a true wattmeter measuring the '' logarithmic 
average ” of past energy flow. One of the essentials in making 
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the quantity Hı — H: always proportional to watts 15 to keep 
the two resistances (a and 6, Fig. 2) always at the same value. 
If those two resistances are different in value, the line current 
(Fig. 2) no longer divides equally between them and consequently 
the J; that superimposes on the J, 1n one resistance is not of the 
same value as the Г; that superimposes on J, in the other resis- 
tance. The two resistances are at different temperatures and 
it is consequently desirable to use materials for resistances 
a and b that have no temperature coefficient or to use other 
means of maintaining proper relative values of J, and 7; in these 
resistances and then compensating for the variation in resistance 
with temperature. It is not difficult to secure resistance ma- 
terials that have a negligible temperature coefficient; but even 
if we used materials with a temperature coefficient, compensation 
would be possible. The final value of Ө, — б. depends on the 

| — H: 
ЗЕ +20 
of this fraction vary, no error will occur provided the same соп- 
dition makes the denominator vary in the same proportion. 


ratio and if a given condition makes the numerator 


Е М 
The time of response depends оп the ratio SE +20 and exactly 


the same statement is true of this ratio. Further, the quantity 
actually measured by the device shown in Fig. 3 is not 0, — 0; 
but a differential expansion depending on differential temperature 
and the resulting expansion gives a further opportunity for 
compensation. 

That the value 0; — 0; is still independent of all surrounding 
temperatures is possibly not entirely apparent at first sight, and 
may therefore justify the submission of 
proof. Suppose we have two similar 
bodies A and B and that thev have 
heat imparted to them at such a rate 
that thev attain a temperature of 
0, and 0. respectively. Suppose that each body loses heat by 
convection at the rate of a gram-calories per second per sq. cm. 
of surface per degree cent. of temperature above surrounding air, 
assumed to be at 0, degrees cent. Suppose further that each 
body is connected by similar thermal shunts to another body 
T' (meter terminal for instance) kept at temperature 0, and that 
heat will pass through these thermal shunts at the rate of b 
gram-calories per second for each degree cent. of difference 
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between 7, and A ог B. The rate at which we must supply 
heat to A 15 evidently, 

На =a (0, - 0) +b (0; — 03) and similarly, the rate at 
which we must supply heat to B is, 


H, =a (0. — 9.) + b (0, — Өз) 


The difference in these two rates of heat application reduces 
to, | 


H,— Нь = (a + b) (0; — 9.) 


That is, the relation between the difference in rates of heat 
application and the resulting difference in relative temperature 
is dependent simply upon the sum of the rates per degree by 
which each body may lose heat by convection and conduction 
respectively, and is independent of the surrounding air tempera- 
ture and of the temperature 63; at which the terminal Т may be 
maintained. In fact the temperature Ө; of terminal T might 
easily be so low that it would reduce the temperature of both 
A and B below the surrounding air Ө. In this event heat would 
enter A and B by convection from the surrounding air and both 
this heat as well as that generated within the bodies A and B 
(На and Hi) would then escape їо Т through the thermal shunts. 


То be presented at the 314th meeting of the American 
Institute of Electrical Engineers, St. Louis, 
Mo., October 19, 1915. 


Copyright 1915. By A. I. E. E- 
(Subject to final revision for the Transactions.) 


SINGLE-PHASE SQUIRREL-CAGE MOTOR 
WITH LARGE STARTING TORQUE AND PHASE COMPENSATION 


BY VAL. A. FYNN 


ABSTRACT OF PAPER 

This paper describes a new single-phase motor which develops 
a large starting torque and operates with unity power factor. It 
outlines the manner in which the machine was developed, 
discusses the theory of its operation as well as the novel points to 
be considered in its design, and finally gives a number of test 
results obtained from motors of different sizes. 

The machine is of the squirrel cage type, but is also fitted with 
a commutator. Although the motor is often provided with a 
small centrifugal switch for closing the phase compensating cir- 
cuit, it is shown that the failure of this switch to operate does not 
cripple the motor or materially change its characteristics, and 
that one or more of the commuted winding circuits may be 
interrupted without causing the machine to break down. Ас- 
cidents of this description only affect the degree of compensation, 
the efficiency, or the overload capacity. 


DEVELOPMENT AND THEORY ОЕ OPERATION 


T IS admitted on all sides that the only drawback to a 
single-phase squirrel-cage motor in normal operation is 
its somewhat low power factor. The use of such a machine is, 
nevertheless, very restricted because it cannot be started with a 
sufficiently powerful torque and always takes an excessive start- 
ing current. The great reliability of a motor of this type 
is, however, so attractive a feature that many efforts have been 
made to overcome the starting disabilities of this machine. 
The motor described in this paper and briefly referred to as 
type BK 1s the result of a series of such efforts, and it is submitted 
that this new constant speed machine not only fully solves the 
starting problem, but that it removes the one objection to the 
squirrel-cage motor in normal operation by raising its power 
factor, at any load, to near unity. 

The reason why a squirrel-cage motor is not self-starting is 
shown in Fig. 1. With the main inducing winding 4 connected 
to the line, we have a magnetizing current in 4 responsible for 
the transformer flux Fi. This flux determines the value of.the 
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secondary e.m.f. which in turn produces the secondary load 
current 1, in the rotor conductors 11 interconnected by the 
end rings 12. The ampere turns due to 12 are equalled and 
opposed by a primary load current in the stator winding 
4. The distribution of the stator and rotor load currents is 
indicated by circles and dots placed near the windings which 
carry them. The resultant direction of the primary and second- 
ary load current ampere turns, or the direction of the stator and 
rotor current axes, is shown by straight arrows. Neglecting 
leakage fluxes, it is seen that all fluxes but Ё, cancel out. It is 
because the rotor current, or ampere turn, axis, indicated Бу 
the arrow 12, exactly coincides with the axis of the only useful 
field Fi that no rotation can possibly result. 

А number of rotor conductors on the right side of the rotor 


Fic. 1—SINGLE-PHASE SQUIRREL- Fic. 2—First STAGE ОЕ BK 
CAGE MOTOR DEVELOPMENT 


current axis carry downward current and produce а counter- 
clock torque with F;, while an equal number of rotor conductors 
on the left side of the rotor current axis carry an upward current 
and therefore produce a clockwise torque with Ё. These two 
opposite torques are exactly equal. It is generally true to say 
that no effective torque can be developed by a flux cooperating 
with certain ampere turns, as long as the axis of said magnetic 
flux coincides with the axis of said ampere turns. This is true 
irrespective of the phase relation between the flux and the 
current to which the ampere turns are due. 

In order to produce an effective torque, it is necessary that 
the ampere turn, or current, axis be displaced from the axis of 
the flux. The most effective displacement is one of 90 space, 
or mechanical, degrees. When dealing with alternating currents, 
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it is furthermore necessary that there shall be less than 90 
time, or electrical, degrees difference between the phase of the 
current and the phase of the flux. The best result is obtained 
when the phases of the two coincide. | 

With these remarks in mind it will be easy to follow the various 
steps by which the low power factor motor devoid of starting 
torque and shown in Fig. 1 has been transformed into the ma- 
chine shown in Fig. 6, which can develop a powerful torque at 
starting and which operates with a power factor near unity. 

The first of these steps 1s illustrated in Fig. 2, where the rotor 
has been provided with a commuted winding 6 in addition to 
the squirrel-cage winding 12 of Fig. 1. Both windings are 
placed in the same slots and are diagrammatically indicated by 
circles. The main inducing winding 4 is connected in series 
with the commuted winding by means of the brushes 8, 10, 
displaced by 90 space degrees from the axis of 4. 

Aside from leakage fluxes, two magnetic fields appear in this 
machine as soon as it is connected to the mains. Theoneis the 
transformer flux F;, the other the transformer flux F». The flux F, 
depends on the voltage at the terminals of the main inducing 
winding 4 and is responsible for the secondary current 72 in the 
rotor squirrel-cage winding 12. Е. depends on the voltage at 
the terminals of the commuted winding 6 and is responsible for 
the secondary current 13 in the rotor winding 12. In the stator 
inducing winding 4, the current 1, has one magnetizing and one 
load component. The first produces F, the second produces stator 
ampere turns which are equal and opposed to the squirrel-cage 
ampere turns due to t} The rotor winding 6, connected in 
series with the stator winding 4, also carries the stator current 
1; but here one of its components produces Ғҙ, while the other 
is responsible for rotor ampere turns equal and opposed to the 
squirrel-cage ampere turns due to їз. The rotor, therefore, carries 
three sets of ampere turns; those due to % are coaxial with 4; 
those due to 1, and 13 are displaced by 90 space degrees from the 
axis of 4. It is seen at once that F, can produce a torque with 
the rotor ampere turns due to 2; and 13, but not with the coaxial 
ampere turns due to 12. Similarly, Ёз can produce a torque with 
the ampere turns due to 12, but not with the coaxial ampere 
turns due to 4, and 13. We can write, 


Ті = +. Fe. cosa, clockwise. 
Т» = і, . Е, . cos В, clockwise. 
Т» = 1з. F1. cos у, counterclockwise. 
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where a, B, y are the phase angles between the various co- 
operating fluxes and currents. 

With normal voltage at its terminals this machine will take a 
very large current, but will not develop enough useful torque to 
start the lightest of loads. The starting torque it 1s able to 
develop under the conditions named is indeed often barely 
sufficient to bring the motor alone up to its full speed. This full 
speed lies in the immediate neighborhood of the synchronous. 
When it is reached, then the permanently short-circuited winding 
becomes fully effective and the operation of the machine 15 
quite satisfactory. The addition of the commuted winding to 
the squirrel cage of Fig. 1, evidently does not solve the problem. 
A starting torque is secured with its help, but said torque 1$ 
small. Before showing how it. can be increased, it will be in- 
teresting to indicate the reason for this small starting torque. 

The secondary ampere turns of a transformer are always 
almost opposed to and smaller than its primary ampere turns. 
Their difference is responsible for the transformer flux. When 
the secondary is short circuited then the transformer flux 1$ 
generally small -it increases аз the ohmic resistance of the second- 
ary increases and as the inductive relation between primary and 
secondary becomes worse. It has already been indicated that 
there are two transformers in Fig. 2, their secondaries are both 
short circuited while their primaries are connected in series. 
The primarv of the one transformer is the stator winding 4, 
its secondary is the squirrel-cage winding along the axis of 4. 
The primary of the other transformer is the rotor winding 6, 
its secondary 15 again the squirrel-cage. winding, but along ап 
axis at right angles in space to that of 4. The resistance of the 
secondaries is obviously the same, but the mutual induction be- 
tween 6 and 12, which are located in the same slots, is clearly far 
better than the mutual induction between 4 and 12, which are 
placed in slots separated bv the аграр. It follows that Ға must 
be small and that the ampere turns due to t must not only be 
almost opposed but also very nearly equal to the rotor ampere 
turns due to з. The flux F,, which is usually the larger, is there- 
fore of little use, for if it produces a positive torque Г. with the 
rotor ampere turns due to 1;, it must produce, with the ampere 
turns due to 13, a negative torque 73 of almost equal magnitude. 
Since the resultant torque 1s 


Т - Т, -- Т.- Т, 
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and since T; practically equals Т», we can write, 
Т = Т, =t. Е. со о 


which means that the motor in Fig. 2 starts almost exclusively 
because of the very small flux F+ coacting with ampere turns due 
to the large current 12. Since the value to which the already large 
current $» can be raised is necessarily limited, it follows that the 
resultant starting torque can be more readily increased by in- 
creasing the small flux F, and bringing it into the closest possible 
phase coincidence with 1». 

The flux Ё» can be increased either Бу increasing the ohmic 
resistance of the squirrel cave or bv decreasing the mutual induc- 
tion between the commuted and the squirrel-cage windings. 
But either change also reduces 1 so that the gain in torque is not 
as great as might at first be expected. In fact these changes 
amount to a reduction of the squirrel cage efficiency in normal 
operation, they reduce the output of the machine, and may rob 
it of 115 constant speed characteristic. 

As the machine shown in Fig. 2 runs up to speed, the squirrel 
cage develops its own motor, or torque producing, field, as in the 
ordinary single-phase induction motor. Near synchronism, it 
tends to keep this speed field nearly constant, and thus seeks 
to impart a shunt characteristic to the motor. As long as the 
squirrel cage current in the axis 8, 10, is alone responsible for the 
motor field, the magnitude and phase of the latter will be fairly 
constant depending only on the speed e.m.f. generated in the 
rotor along said axis and on the impedance of the exciting circuit. 
If a current is sent through any winding able to magnetize along 
this same axis, 8, 10, then the squirrel-cage exciting current will 
automatically assume such value, phase and direction as will 
compensate for the disturbing effect of these additional ampere 
turns and tend to maintain the constancy of the motor field. 
But the magnitude, as well as the phase of the motor field,is 
liable to change greatly if the magnitude of this correcting 
squirrel-cage current materially exceeds that of the normal 
squirrel cage exciting current, thus producing abnormal copper 
losses. 

Now the current t, flowing in the commuted winding along the 
axis 8, 10, is able to magnetize along the axis of the motor field; 
in addition, it produces, with Fi, a positive torque Т», which 
increases with decreasing power factor. The ampere turns due 
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to this current t, can, and often do, materially reduce the magni- 
tude and change the phase of the motor field, because of the 
squirrel-cage action just explained. In such a case the motor 
speed may rise above the synchronous, because of the decrease in 
the magnitude of the motor field and because of the increase in 
the torque Т» brought about by the lower power factor conse- 
quent on the change in the phase of the motor field. "The squirrel 
cage naturally resists this tendency, but if its efficiency has been 
materially impaired and the ampere turns in the commuted 
winding are sufficiently large, it may be over-powered and allow 
the motor to “ race ” past the synchronous speed. 

The motor shown in Fig. 2 is clearly unsatisfactory, the start- 
ing torque 1s small and the material is not well utilized because 
of the uselessness of the com- 
muted winding 6 in normal 
operation. If the resistance 
of the squirrel cage is in- 
creased, or if the mutual in- 
duction between it and the 
commuted winding is mater- 
ially decreased, the small in- 
crease in starting torque is 
in no way sufficient to com- 
pensate for the great addi- 
tional decrease іп weight 
efficiency. 

The author next conceived 
the arrangement shown in 
Fig. 3. The commuted wind- 
ing 6 is there separated from the squirrel-cage winding 12 by a 
magnetic bridge, but the brush arrangement and connections are 
such that both rotor windings are, nevertheless, fully effective 
along both axes, in normal operation, while the effect of the 
squirrel-cage winding along the motor field axis is practically 
eliminated at starting. 

Both rotor windings are always fully effective along the arma- 
ture axis 7, 9, because energy is at all times transmitted to them 
inductively from the stator winding 4. The windings 6 and 12 
form two secondaries to the primary 4 and the currents induced 
in them are in the same direction. The leakage fluxes set up by 
the two rotor windings along the axis 7, 9, consequently oppose 
each other within the magnetic bridge provided between said wind- 


Fic. 3—SECOND STAGE OF ВК 
DEVELOPMENT 
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ings, as roughly shown in Fig. 4. In this figure, 21 1$ a leakage 
flux surrounding the stator inducing winding 4; 22, a leakage 
flux surrounding the rotor commuted winding 6; and 23, a leak- 
age flux surrounding the '' buried " squirrel cage. The leakage 
fluxes within the bridge tend to cancel each other, with the 
result that the squirrel-cage winding 12 becomes an effective. 
secondary to the stator winding 4 and carries its full share of 
induced or armature current. 

The conditions along the horizontal or motor field axis are, 
however, exactly opposite at starting. Here the commuted 
winding 6 is the primary and is separated from its secondary 
12 by the magnetic bridge. The leakage fluxes 24 and 25 pass 
said bridge in the same direction, as indicated in Fig. 5, thus very 
materiallv increasing the impedance of 12 in the horizontal axis 


Fic. 4—LEAKAGE FLUXES DUE Fic. 5—LEAKAGE FLUXES DUE 
TO THE CURRENTS IN THE ARMA- TO THE CURRENTS IN THE FIELD 
TURE AXIS AT STARTING AXIS AT STARTING 


and limiting the current which can be induced therein from the 
primary 6. 

As the motor runs up to speed, the speed e.m.f. generated in 
12, along the axis, 8, 10, tends to set up an exciting current in the 
horizontal axis of the squirrel cage, the direction of which 15 
nearly the same as that of the current in the commuted winding 
along that axis, whereby the conditions always existing in the 
vertical axis are approached and the squirrel cage also becomes 
effective along the horizontal axis. 

It has already been explained that the current along the hori- 
zontal axis of the squirrel cage will so adjust itself near synchron- 
ism as to keep the motor field as constant as possible, and may 
assume quite large values. In order to obviate this condition 
and at the same time absolutely prevent all tendency of the 
machine to race, irrespective of the number of turns in the com- 
muted winding 6, a switch 15 is provided for short circuiting said 
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commuted winding along the motor field axis as soon as the 
speed has reached the neighborhood of synchronism. This 
operation places the speed e.m.f. along the horizontal rotor axis 
in undisputed control of the motor field. 

The torque conditions at starting are vastly improved by the 
adoption of the arrangement shown in Fig. 3. The flux of 
mutual induction in the armature axis is very small because of 
the very low rotor impedance along that axis. Part Ғ of this 
flux links with both rotor windings, part Ёз links with 6 only. 
The flux of mutual induction F along the axis 8, 10, is compara- 
tively large because of the large impedance of 12 along that axis 
The magnitude of the flux F, depends on the cross section of the 
magnetic bridge separating the two rotor windings. Fy, is in 
phase with 2, and therefore practically in phase with the current 
14 induced in 6 along the vertical axis. The ampere-turns due 
to 144, induced in 6, and those due to 12, induced in 12, are both 
large, while the difference between the ampere turns in the hori- 
zontal rotor axis due to 1, and 1; 1s large because of the very large 
leakage between the two windings. The various torques are as 
follows: 


Ti = 1, . Е. cos а, clockwise. 

Т» = 1; (Е, + Ез) cos В, clockwise. 
Гу із. Е, . cos vy, counterclock. 
T,= 1, Е. . cos б, clockwise. 
Ть= 14. Fy, clockwise. 


where a, B, y, 6 are the phase angles between the ааа 
cooperating fluxes and currents. 
The resultant torque 15 


Т = Т\+ Т, + Т,+ Т, – 7; 


where Т is small and Гь is very large. 

Fig. 3 shows how the starting torque of the motor was raised 
to the desired amount and how all of the rotor copper was fully 
utilized. Тһе next step was to improve the power factor of 
the machine, in other words, to compensate the motor. This 
has been achieved by introducing an auxiliary e.m.f. into one 
of the rotor exciting circuits for the purpose of adjusting the 
phase of the back e. m. f. of the motor by adjusting the 
phase of its motor field. This method of phase compensation 
has been fully explained bv the author in prior publications, 
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for instance, in a series of articles entitled “ Phase Compensa- 
tion.’’* 

Fig. 6 diagrammatically represents a two-pole type BK motor 
as actually built. Photographs of a completed machine are 
reproduced as Figs. 8 and 9. 

The motor consists of a rotor carrying a commuted winding 
6 located in a number of partly open slots 18 placed near the 
outer periphery of the rotor laminations 16, as shown in Fig. 7, 
and also a squirrel-cage winding the bars 11 of which are located 
in holes 17 provided in the rotor punchings and interconnected 
at each end by means of conducting end rings 12. The holes 
17 accommodating the squirrel-cage winding are so placed 
аз to be separated bv a certain amount of magnetic material 
20 from the slots 18 carrying 
the commuted winding. In 
Fig. 6 the brushes 7, 8, 9, 10, 
which in practise cooperate 
with a commutator, well seen in 
Fig. 9, are here shown as rest- 
ing on the winding 6 itself, thus 


жы. 10 

A, С 

095 о—1—5 eliminating all questions as to 
& >. -A how the commutator is con- 


AC. 
7 


nected to the winding. The 
yt” stator carries a main inducing 
, 1 winding 4 and a coaxial com- 
i pensating winding 5, usually 

Fic. 6— DIAGRAM OF CONNEC- ; : 

ВЕ Tur MOTOR provided with a tap 13. The 

main or working brushes 7, 

9, are permanently short circuited and placed in line with the 

axis of the stator windings. The auxiliary or exciting brushes 

8, 10, are displaced bv 90 electrical degrees from the short- 
circuited brushes. 

Ап interesting magnetic bridge construction is shown in Fig. 
10. The commuted winding 6 and the squirrel-cage bars 11 
are placed in the same slots and are separated by a solid steel 
wedge 20. This forms an inductively responsive magnetic 
bridge between the two rotor windings. Such a bridge allows 
a freer passage to the flux at starting than in normal operation, 
because of the change in the rotor frequencies. At starting, 
the rotor frequencies equal those of the supply, but are doubled 


*See Electrical World, July 5, July 12and July 19, 1913. 
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at synchronism. The laminated bridge, as shown in Fig. 7, 
is, however, much easier to make and is mostly used. All re- 
marks in this paper relating to the magnetic bridge are there- 
fore to be taken as applving to the laminated construction 
shown in Fig. 7, unless the solid bridge is specifically referred to. 

The BK motor is operated as follows: 

At starting, the main stator winding 4 is connected across 
the mains 2, 3, in series with the commuted rotor winding 6 
by way of the exciting brushes 8, 10. The brushes 7, 9, are 
short circuited, and the circuit of the winding 5 is open, this 
being indicated in Fig. 6 bv showing the switch 15 in its “ой” 
position. After the motor has reached its normal speed, switch 
15 1s placed either on point 13 or on point 14. If connected to 
the tap in the compensating winding 5, the machine will operate 
with unity power factor under most loads. If switch 15 connects 
brush 10 to the end 14 of the compensating winding 5, then the 


Fic. 10—INDUCTIVELY RE- 


Fic. 7— LAMINATED MaG- SPONSIVE MAGNETIC BRIDGE BE- 
NETIC BRIDGE BETWEEN THE TWEEN THE Two Вотов WIND- 
Two Roror WINDINGS INGS 


machine will operate with leading power factor at no-load and 
with unity power factor at full load. As a rule these machines 
are directly connected to the mains at starting, but an ordinary 
starting resistance, such as used in direct-current practise. 
may and is sometimes interposed during this period. 

In practise, the circuit of the compensating winding 5 is closed 
Бу means of a small centrifugal switch located at the commutator 
end of the motor shaft and clearly seen in Figs. 8 and 9. This 
switch interconnects two contacts when the motor has reached 
a nearly synchronous speed; one of these contacts 1s connected 
to brush 10 and the other to the terminal 13 or 14 of the com- 
pensating winding 5. But it must be well understood that the 
operation of the machine does not depend on the proper working 
of this switch to any material degree. If the switch fails to 
close the compensating circuit, then the machine will, at no- 
load, exceed its synchronous speed to the extent of a few per 
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cent and will, at fractional loads, operate with a lower power 
factor and efficiency than would be the case with the centrifugal 
switch closed. One of the most interesting features of this ma- 
chine is the fact that its no-load speed 1$ strictly and automati- 
cally limited, without the help of any mechanical devices. 
The two rotor windings occupy such relative positions and the 
brushes cooperating with the commuted winding are so located 
and connected, that both rotor windinys are always effective 
along the axis of the main inducing winding 4 while the squirrel 
cage along the exciting axis is rendered ineffective at starting 
but increases its influence with increasing speed and becomes 
thecontrolling and speed-limiting factor at or near synchronism. 


DESIGN 

It has been found that the lines on which single-phase squirrel- 
cage motors are usually designed can be followed in the case of 
the BK machine, and that the BK output obtained from a 
given frame is at least equal to that which can be secured there- 
from with a standard squirrel-cage rotor, which indicates that 
the losses necessarily introduced by the BK commutator are 
outweighed by the better utilization of the copper and the 
more uniform flux distribution. 

The novel design problems arise in connection with the 
selection of the commuted winding constants, the dimensioning 
of the magnetic bridge located between the two rotor windings, 
and the phase compensation. 

The rotor copper is, as a rule, so distributed as to make the 
full load losses in the commuted winding about equal to those 
in the squirrel cage. The number of turns in the commuted 
winding is then selected so as to avoid sparking, reduce the brush 
current to as small a value as possible, and get the best possible 
torque per ampere for a given stator winding and size of magnetic 
bridge. 

Because of the presence of the squirrel-cage winding, the 
number of turns per commutator segment can be kept high, 
without impairing the commutation. Six turns per segment 
have been used in small motors while two still give good results 
in 6-pole, 15-h.p. machines. The permissible commutator 
diameter settles the maximum number of segments and therefore 
the minimum brush current. 

The static torque varies with the ratio of effective stator to 
effective rotor conductors, or turns, in the manner indicated in 


оны „_ 
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Fig. 11. The curves shown were obtained from a standard 
5-b.h.p., 60-cycle, four-pole, 220-volt motor, connected as 
shown in Fig. 6, but with the addition of a series transformer 26 
between the main stator winding 4 and the exciting brushes 
8, 10. The ratio of stator to rotor ampere turns was varied by 
varying the transformation ratio of the serics transformer. 
It is seen that while the current taken at starting increases all 
the time with increasing ampere turn ratio, the starting torque 
rises rapidly at first, reaches a maximum, and then decreases 
slowly. The maximum is reached for an ampere turn ratio 
near 2. The torque per ampere changes very little up to 
a turn ratio of about 2.5. For a 220-volt stator the best ampere 


AMPERES 
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RATIO OF EFF. STATOR TO EFF. ROTOR TURNS 


Fic. 11—StTATIC Токосе PLOTTED AGAINST RATIO OF EFFECTIVE 
STATOR TURNS TO EFFECTIVE COMMUTED ROTOR TURNS— MOTOR А 


turn ratio lies in the neighborhood of 1.75. Beyond that point 
the torque per ampere begins to decrease. 

If the rotor turns determined in this manner are unsuitable, 
for instance, because of expected sparking trouble or excessive 
current per brush pin, then a sacrifice 1n starting performance 
must be accepted or a series transformer permanently inter- 
posed between stator and rotor. 

This sacrifice is, however, usually small, and it has often 
been found possible in practise to so design a rotor that it can 
be used with stators which are wound to allow of being con- 
nected for 110 and 220 volts, or for 220 and 440 volts. The 
most perfect results are, however, obtained by permanently in- 
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terposing а small series transformer between rotor and stator; this E ` z = ' 
procedure makes it possible to design the rotor commuted : | E 4 | ы? 
winding to the best advantage without reference to the stator . PRU Жы Ж, Г 
voltage and makes one rotor design available for all terminal : Рая 
voltages. Тһе corresponding connections are shown in Fig. 12. ixi t pcm 
The shape and general characteristics of the torque and E | Pos к КЕЕ 
current curves shown in Fig. 11, remain the same with varying kii "Ac 
distribution of the magnetic material in the rotor, but their values е A кә. ; Pu Um 
change. 'To speak more precisely, an increase of the '' bridge uu Оо v 
coefficient " brings about, at any turn ratio, an increase in start- 4% Е D 
ing torque and a decrease in starting current. The term “ bridge. Di a 2. xd а 
coefficient " is arbitrarily applied to the ratio of the reluctance П. A m eee 
а of the flux path through the МИ ИТА 
>— magnetic bridges separating ) ` а m 
the commuted from the ar о. 
squirrel-cage winding to the : 7 T ; er IE : кз 
__ reluctance of the flux path ді ке кш 
3 through the laminations T Ат LA TES 7 
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К у To талап ж 
located between the squirrel-cage bars. Referring to Fig. 13, | ГНО, 
the bridge reluctance is | | DE DRE RE 
z.m "OR QE ME 
EE" M mcm 
and the squirrel-cage tooth reluctance is а Se ene ХУ 1. М 
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given rotor design. The flux densities referred to, are those in 
the horizontal, or motor field axis, at the moment of starting. 
The flux through the magnetic bridges is the leakage flux 24 
of Fig. 5, ог Fy of Fig. 3. The flux through the squirrel-cage 
teeth of Fig. 13 1$ the flux of mutual induction Ро of Fig. 3. 
The bridge coefficient in Fig. 11 is 0.006, and the machine does 
not race for any ratio of stator to rotor turns. In other words, 
the motor does not exceed the synchronous speed by more than 
a few per cent, in case switch 15 of Fig. 6 is not closed after the 
machine has started. In this particular case the motor hangs 
at 1825 revolutions, for a turn ratio of 1.6. As the bridge coeffi- 
cient is increased, ‘‘ racing " first occurs for low turn ratios; 
for very large bridge coefficients the machine “ races ” at all 
turn ratios. Ample starting torque for all practical purposes can, 
however, be secured with bridge coefficient and turn ratio com- 
binations for which no racing takes place, the speed of the ma- 
chine being limited to the immediate neighborhood of the 
synchronous without the help of any mechanical contrivances. 
The next point of interest is the selection of the compensating 
e.m.f. to be introduced into one of the rotor exciting circuits. 
It cannot be too strongly emphasized that the only reason for 
introducing this e.m.f. into said circuit is to change the phase 
of the field in the axis 8, 10, and thus affect the power factor of 
the motor. It 1s well established that the motor shown in Fig. 
3 wil operate at a speed in the immediate neighborhood of 
svnchronism, with switch 15 closed or open. It does so operate 
because a speed e.m.f. is generated in each of the windings 6 and 
12, which 1s in quadrature with the working e.m.f. induced in the 
rotor along the axis 7, 9, and therefore of proper phase to produce 
the motor excitation. When either of these windings is closed 
along the axis 8, 10, an exciting current will circulate therein 
along said axis and produce the motor field. When both wind- 
ings are closed along 8, 10, then each contributes to the produc- 
tion of the motor field. No additional exciting e.m.f. is there- 
fore needed unless it is desired to change the speed of the machine. 
To change the phase of the field along the axis 8, 10, without 
affecting the motor speed, it 1s necessary to inject into one or 
both windings an e.m.f. which is in phase quadrature with the 
speed or exciting e.m.f. The line e.m.f. is practically in phase 
quadraturc to the rotor exciting e.m.f., is very easy of access, 
and is usually utilized, for instance as shown in Fig. 6. The 
change in the phase of the flux along 8, 10, produces a phase 
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change in the rotor back e.m.f. generated along 7, 9, by rotation 
in said flux. This brings about a change in the phase of the 
rotor current along 7, 9, and finally a phase change in the stator 
current with relation to the terminal e.m.f. and therefore a 
change in power factor. To produce unity power factor in the 
rotor along the axis 7, 9, it is necessary, omitting the lag due to 
rotor leakage fluxes, to make the lag between flux and exciting 
e.m.f. along 8, 10, equal to 90 degrees. The compensating c.m f. 
necessary to achieve this result equals the ohmic drop in the 
rotor along 8, 10, because it is the ohmic resistance of the excit- 
ing winding which causes the flux to lag by less than 90 degrees 
behind the speed e.m.f. But in order to produce unity power 
factor in the stator, while still, omitting the lag due to stator leak- 
age fluxes, the compensating e.m.f. should be increased to the ex- 
tent of producing in the rotor axis 7, 9, a leading current сот- 
ponent equal to the stator maynetizing current. Ifa leading sta- 
tor current is desired, then the compensating e.m.f. should be still 
further increased. The magnitude of the compensating e.m f. 
therefore depends on the rotor resistance, the stator magnetizing 
ampere turns, and on the leakage fluxes. To obtain unity power 
factor at no-load, the compensating e.m.f. should be from about 
б to 30 per cent of the speed c.m f., the small value being necessary 
in the case of large, the large value in the case of small ma- 
chines. "The greatly increased per cent value of the compensat- 
ing e.m.f. for small motors is brought about in the main bv thc 
greater relative rotor resistance of the smaller machines. 
Before the compensating e.m.f. is introduced into the winding 
6 of Fig. 3, short circuited along the axis 8, 10, each of the rotor 
windings carries exciting current, and the volts per turn in each 
are the same. When the compensating e.m.f. is introduced into 
the winding 6, its volts per turn increase, thus increasing the share 
it takes in the production of the flux along 8, 10. А sufficient 
increase of the compensating e.m.f. will even cause all the cur- 
rent in the axis 8, 10, to concentrate in the winding 6. The 
Squirrel cage will, howcver, oppose an increase of the flux along 
8, 10, beyond that value which corresponds to the speed e.m f. 
exclusive of allimpedancelosses. This scts a limit to the no-load 
power factor which can be secured in the BK motor, and gives 
the no-load power factor curve the peculiar slope shown in Fig. 
14. Thecurves shown in that figure werc obtained on a 5-b. h.p. 
60-cycle, four-pole, 220-volt BK motor; curve 27 corresponding 
to a low resistance rotor with a bridge coefficient of 0.01, curve 
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28, to one with a higher resistance and a bridge coefficient of 
0.006. 

In view of the oft repeated statement that an e.m.f. derived 
from winding 5 of Fig. 6 and introduced into the field axis of a 
machine of the general type shown in Fig. 6, should be considered 
as an exciting and not a compensating e.m.f., it is of particular 
interest to state that the speed of the motor under test did not 
vary appreciably, as said e.m.f., which the author insists 1s a com- 
pensating e.m.f., was raised from zero to 27.5 per cent of the rotor 
speed e.m.f., or of that which is responsible for the actual ex- 
citation of the motor. Such an increase in exciting e.m.f. should 
have materially lowered the motor speed; as a matter of fact, the 


Fic. 14—No-Loap POWER FACTOR PLOTTED AGAINST COMPENSATING 
VOLTAGE GIVEN IN PERCENT OF EXCITING VOLTAGE— MOTOR А 


motor speed with high compensation is somewhat higher than 
with none at all, and the same holds true for a motor without a 
squirrel cage. In order to affect the excitation of a single-phase 
motor with shunt characteristic, it is necessary to introduce into 
the exciting circuit an e.m.f. in quadrature with the working e.m.f. 
and therefore in quadrature with the line e.m.f. Ап елм 4. of 
same phase as the line e.m.f. only affects the power factor of the 
machine. 
PERFORMANCE 

To give an idea of the manner in which BK motors operate in 
practise, test results of three different motors will be discussed. 
For the sake of differentiation, these machines will be referred to 
as B, C and D. 
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Figs. 15 to 21 inclusive, refer to motor B, which is a single- 
phase, 5-h.p., 60-cycle, four-pole machine, wound for 220 volts, 
with a synchronous speed of 1800 rev. per min. The two rotor 
windings of this machine are separated by a solid inductively- 
responsive magnetic bridge, such as is shown in Fig. 10. The 
speed torque curve of this motor is shown in Fig. 15, power 
factor and current values being given for all speeds. It will be 
seen that the static torque exceeds the normal by about 47 per 
cent, and that the machine, in the starting connection, reaches 
a maximum speed of 1840 rev. per min. The static starting 
torque is obtained with 3.4 times the normal current, or at the 
rate of full-load torque for 2.3 times full-load current. The full- 
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Fic. 15—SPEED TORQUE CURVE IN STARTING CONNECTION OF ВК 
Motor B 


load current upon which these figures are based, is that corres- 
ponding to the operation of the machine in running connection, 
and with normal compensation, 7. e. with practically unity power 
factor. It will be noted that the torque curve is such as to enable 
the machine to accelerate rapidly. 

Should the operator or the centrifugal switch 15 fail to close 
the compensating circuit after the machine has reached a speed 
near the synchronous, then the performance of the motor, if 
required to drive a load under such conditions, will be as shown 
in Fig. 16. Тһе high power factor in this connection is due to the 
fact that the main inducing stator winding is connected in series 
with the rotor along the field or exciting axis. It is seen that 
it would be perfectly safe to operate the machine in this connec- 
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tion, but there is no doubt that the motor works better when the 
compensating circuit is closed. Fig. 17 gives all the data for the 
case when normal compensation is applied to the exciting brushes, 


S PERCENT & EFFICIENCY 
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Fic. 16—STARTING CONNECTION PERFORMANCE NEAR SYNCHRONISM 


ОЕ BK Моток В 


and indicates that the performance of the machine under these 
conditions is eminently satisfactory. When the connections are 
changed so as to increase the compensation to the maximum, 
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Fic. 17—RUNNING CONNECTION PERFORMANCE OF Motor B WITH 


NORMAL PHASE COMPENSATION 


then the performance curves alter somewhat, as shown in Fig. 
18. The main difference is that the power factor, which was 
close to unity throughout the working range in the case of normal 
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compensation, is now leading at fractional loads up to nearly 
full load when it comes down to unity. With this greater com- 


pensation the efficiency is not quite as high as for the case of 
normal compensation. This is in no way surprising, for, with 


maximum compensation, the machine is not only called upon to 
to operate as a motor but also to act as a condenser, and its 
efficiency must suffer unless it is made larger. The difference 
between the two curves is, however, so small, and the advantage 
of having the motor act as a condenser when not working at its 
maximum as a motor, so great, that maximum compensation is 
often preferred. 
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Fic. 18—RUNNING CONNECTION PERFORMANCE OF ВК Моток B 
WITH MAXIMUM PHASE COMPENSATION 


The next three figures show that many accidents can happen 
to the machine without causing same to break down. 

Should the exciting circuit through the commuted winding be 
interrupted by the wearing down or the breakage of all the excit- 
ing brushes of one or both polarities, as indicated in the con- 
nection diagram shown in Fig. 19, then the power factor of the 
machine would be considerably reduced, its efficiency would 
suffer to some extent, but the overload capacity would remain 
practically unimpaired, as well shown by the several curves of 
Fig. 19. 

The performance of the motor would be curtailed to the 
extent indicated by the curves of Fig. 20, in case all the working 
brushes of one or both polarities lose contact with the com- 
mutator, as indicated in the connection diagram forming part 
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of Fig. 20. But, even under these conditions, the machine would 
still be in a position to deal with its full-load torque although with 
greatly reduced overload capacity. 
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Fic. 19—RUNNING CONNECTION PERFORMACE OF BK Motor В мин 
INTERRUPTED COMPENSATING CIRCUIT 


Should the working and the exciting circuits through the com- 
muted winding be interrupted at the brushes or elsewhere, as 
indicated in the connection diagram attached to Fig. 21, then 
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Fic. 20—RUNNING CONNECTION PERFORMANCE ОЕ ВК Моток В 
WITH INTERRUPTED COMMUTED ARMATURE CIRCUIT 


the overload capacity of the machine would also be greatly 


reduced, but the motor would still be able to deal with about 
51 h.p. ‚ог just over its full-load rating. In this case the effi- 
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ciency is a little less and the power factor much worse than in 
the case of Fig. 20. 

It is not at all likely that any of the conditions under which 
the tests corresponding to Figs. 19, 20 and 21 were taken, will 
ever occur in practise, but it is interesting to note that the ma- 
chine will not be entirely crippled even if all the commuted wind- 
ng circuits are interrupted and it is forced to rely on the 
squirrel cage only. 

Figs. 22 to 24 inclusive, refer to motor C, which is a 
single-phase, 5-h.p., 60-cycle, six pole machine, wound for 220 
volts, with a synchronous speed of 1200 rev. per min. The two 
rotor windings of this motor are separated by a laminated bridge, 
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Fic. 21—RuNNING CONNECTION PERFORMANCE OF ВК Motor B 
WITH INTERRUPTED COMPENSATING AND COMMUTED ARMATURE CIRCUITS 


such as shown in Fig. 7. The speed torque curve of this machine 
is shown in Fi ig. 22, together with the corresponding values of 
Current and power factor. It is seen that the starting torque 
is 55 per cent in excess of the full-load torque, and is obtained 
With 3.6 times the full-load current, which is at the rate of 
2.3 times normal current for full-load torque. The full-load 
Current upon which these figures are based is that corresponding 
to normal compensation, under which conditions the moche 
Operates at unity power factor. This motor does not '' race’ 

in its starting connection, but reaches a speed exceeding the syn- 
Chronous by 70 rev. per min., running light at 1270 instead of 
1200 rev. per min. The speed torque curve has the same 
general character as that secured with the solid bridge used in 
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the four-pole machine B. The performance of this motor C 
with normal compensation is very satisfactory, as evidenced by 
the curves shown in Fig. 23. If the compensation is raised so 
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Fic. 22—SPEED TORQUE CURVE IN STARTING CONNECTION OF ВК 
Motor С 


as to cause the motor to take a leading current at no-load, then 
the performance changes to that shown in Fig. 24; the increased 
compensation produces leading power factor at fractional loads, 
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Fic. 23—RUNNING CONNECTION PERFORMANCE OF ВК Motor С 
WITH NORMAL PHASE COMPENSATION 


lowers the efficiency, and increases the overload capacity of the 
machine. 
Figs. 25 to 28 inclusive give similar data for a much larger 
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the ratio of rotor to stator ampere-turns or a small difference 
in the dimensions of the magnetic bridge being sufficient to 
cause the machine to * race." When built exactly to specifica- 
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Fic. 26—RUNNING CONNECTION PERFORMANCE OF BK Моток D 
WITH NORMAL COMPENSATION 


tion, it, however, hangs at about 1250 rev. in the starting 
connection. The performance with normal compensation is 
shown in Fig. 26; that with maximum compensation in Fig. 27. 
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Fic. 27—RUNNING CONNECTION PERFORMANCE OF ВК Моток D 
WITH MAXIMUM PHASE COMPENSATION 


The two performances differ mainly in that, with the higher 
compensation, the efficiency is a little lower, while the power 
factor at fractional loads is leading, instead of being lagging. 
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Another interesting fact disclosed by Figs. 26 and 27, is that 
the current J; circulating through the commuted winding along 
the exciting axis does not change materially with changing load. 
It might appear at first sight that, when connected as shown in 
Fig. 27, the rotor exciting circuit is in series with the stator 
inducing winding, and that this series connection must be 
responsible for a compounding of the motor field; in other words 
for an increase in exciting current proportional to the increasing 
load and a consequent rapid decrease in speed. The fact is, 
however, that, after switch 15 is closed, the full line voltage is 
impressed on the stator winding 4 in series with the compensating 
winding 5, or a part of it, and the voltage derived from said 
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Fic, 28—SPEED TORCUE CURVE IN RUNNING CONNECTION OF ВК 
Motor D witu MAXIMUM PHASE COMPENSATION 


compensating winding, or а part thereof, is impressed on the 
rotor exciting circuit 8, 10. The stator windings 4, 5, act as 
the primary, and the winding 5, or a part of it, as the secondary 
of an auto-transformer. That the stator load current takes 
its way through the compensating winding 5, and not through 
the rotor, 1s clearly shown by the variation of the current J, 
т winding 5. Тһе compensating winding carries two currents, 
а practically constant exciting current, closing through the 
brushes 8, 10, and the variable stator load current. These two 
currents are of almost opposite phase and 7, is their resultant. 

Fig. 28 is of particular interest in that it shows that the BK 
motor is also able to start with a fairly powerful torque in its 
normal running connection. Under these conditions the starting 
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current 1s, of course, quite large, but this possibility is not with- 
out practical significance, for in many cases it is of advantage 
to be able to start and run a motor without any change of con- 
nections being necessary. Fig. 28 shows that, with switch 15 
in the maximum compensation position, the motor is able 
to develop a static torque equal to 63 per cent of the full-load 


torque. 


To be presented at the 314th Meeting of the Ameri- 
can Instilute of Electrical Engineers, St. Louis, 
Mo., October 19, 1915. 
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THE CALCULATION OF THE LONG DISTANCE 
TRANSMISSION LINE UNDER CONSTANT 
ALTERNATING VOLTAGE 


` BY GEORGE R. DEAN 


ABSTRACT OF PAPER 


By separating real quantities and imaginaries in the general 
solution of the differential equations which express the relations 
which exist between the current and voltage at any point of a 
transmission line, the components of current, ПЛ, and 1з, and the 
components of voltage, хапа V;, are ‘expressed as rational func- 
tions of the four quantities 


cosh axcos 8x, sinh axsin 8x, sinh axcos 8x, cosh axsin 8x. 


Denoting these respectively by Qi, Оз, Qs. Qs, we have 


У, = А, 0, — А, О, + В, О, — В, Qı, 
м Se 
1, = С, а О, + Di ‚ — D: Qa, 
3 = С: Qi + С, 0, + Di О; + DiQu, 


where X is the distance of any point in the line from some 
fixed point in the line chosen as origin, а and В are certain 
functions of the line constants, and Ау, Bi, Ci, Di, Аа, B3, Сз, Di 
are constants determined by the given terminal conditions of 
voltage, current, power and power factor. The constants Ci, 
Cı, Di, Di, аге expressed in terms of the others by simple re- 
lations developed in the paper, thus reducing the problem to 
the determination of four constants only. There must then beat 
least four independent relations given involving the com- 
ponents of voltage in current at given points, the line constants 
being known. These four relations determine completely the 
voltage and current at any point of the line. 

The values of A41, Аз, Bi, Bz are determined іп several special 
cases and numerical examples are worked out in full detail. 
Section I contains the solutions and formulas. Section II con- 
tains the numerical examples 


SECTION I. MATHEMATICAL 


ЕТ У represent the voltage of the representative single- 
phase line, J the current, f the frequency, and р = 27 f. 

Let the constants of the line per unit length be as follows: 
R = resistance, L = inductance, C = capacity, S = leakance 


Manuscript of this paper was received June 1, 1915. 
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The current and voltage are connected bv the relations, 


OV OI 
Ох е Ot (1) 
ol oV 
а Sue e (2) 


where О denotes partial differentiation. The derivation of 
these equations can be found in several places. 

When the voltage and current are simple harmonic or sinu- 
soidal, these equations reduce to 


ау | 
T =(R+jpL)1 (3) 
41 - 

—q--GtPROV (4) 


where 
V2VitjVe.I-2h-tjl. 


2. Solution of the Differential Equations. Differentiating (3) 


dI 
and substituting the value of PE from (4), we find 


ү | | 
sar = (К+)Р1) (5+)рС)у (8 


oV 
Differentiating (4) and substituting value of cum from (3), 


ФІ | 
—u--QGiPLD(ScibOI (6) 
Let Q* denote (К + ; pL) (S+ j P C), so that 
4? У @ 1 
— = Q y. and =- = QI (7) 


ах? dx? 
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Thus V and Г satisfy the same differential equation. The | 


formulas ТОР 4 and I will therefore differ only in the constants 


of integration. 
The solutions are as follows: 


V = (А, + j 43) cosh Ох + (Bi + j Bz) sinh Qx (8) 
= (Cı +j С.) cosh Ох + (р, +j D2) sinh Ох (9) 


where 


cosh Q х=  (e% + &-9*), and sinh Qx = 2 (e0 — e-09). 


d 
2 


The values of cosh Qx and sinh Ох for real arguments are given 
in the Smithsonian Mathematical Tables. 
In order to separate the components of V and J we must first 


express cosh Qx and sinh Qx as complex quantities. 
Let Q = а + j B, then since @ = (R+jpL)(S+jp©), 


we have, 


— В) + 2јав -(RS-LCf) + 7(RC+LS) р. 
Whence, 


о — B = (RS—LC $), and ОаВ = (RC + LS) рз 
(10), (11) 


Since р is positive, we see that а and В must have like signs. 
It will appear farther on, that they are both positive. 

The algebraic solution of (10), (11) is cumberseme. The fol- 
lowing trigonometric solution yields the values of two other 
quantities which are necessary in the computations that follow. 


Leta = М cos & В = N sin t£, then а? — В? = № cos 2 £, 
2a В = N*sin 26, by reason of the identities cos? £— sin? Ё 


— 


= cos 2 £,2 sin £cos Ё = sin 2 Ё. 


Let R = Zcos6, pL = Z sin ô, then Z = УК + p! 12 = 
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Let $ = Y cos y, p C = Ysin y, then У = VS?+ р? С? 
S p C 


COS Уу sin y ` 


Then R S—L Cp =Z Y cos (+5), (К С+Г S) p=ZYsin(y+6), 


and 
N? cos 2 Ё = Z Y cos Сү + 6), N? sin 2 Е = Z Y sin (y + ô). 


Squaring and adding these last two equations, we find 


N = У2 and t= 4 (y + 8). 


Therefore TEN 
а = VZY cos t, and В = VZY sin £ (12) 
3. Computation of numerical values of а and В: 
Compute value of PE This is tan ó. Find б in the table 
and take out cos 6, and sin ё. Then К = pL = Z. 
cos 6 sin 6 
Compute value of СЕ This is tan у. Find y in the table, 
and take out cos y and sin 'y. Then 2 = = p = У. 
cos Y sin у 


Then compute VZ Y, and 3 (у +9). Find sin £ and cos £ 


in the table. Substitute VZ Y and sin £ and cos £ in (12). 


Numerical Illustration. Taking К = 0.30, L = 0.00196, 
С = 0.0153 X 10-5, 8-0, р = 377, we find the following: 
(ап 6 = 2.4600, 6 = 67° 53’, соѕ д = 0.3765, sinô = 0.9264; 
{ап ү = о, у = 90°, cos у = 0, sin y = 1, £g = 78° 56’ 30”, 
cos Ё = 0.19181, sin £ = 0.98143; Z = 0.795, Y = 5.77 X 10-6, 
VZY = 2.14 10-3; а = 0.000412, В = 0.002100. 


4. Separation of the components of V and I. We make use of 
the following identities: 


cosh (a + j B) x = cosh a x cos В x+ j sinh a x sin B x, 


sinh (a + j 8) x 


sinh a x cos Вх + j cosha x sin f x. 
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or, more briefly, 
cosh (а +j В) х = Qi +j Оз, sinh (a + 7 В) x = О j Q,. 
Then, 


(A, + j Ax) cosh (a +j Вх) = (А, О, - A2Q2) 
T Jj (А, О. + A2Q)) 


(В, + j Bz) sinh (a + j В) x = (В, О: - В!:0.) 
+ j (В: О, + B,Q,). 


Accordingly, 
Vi = (4,0, — A2Q2) + (Bi Оз - B: QJ), (13) 
"T У: = (4.0 + Аз Qi) + (В! Qs + Bi Q), (14) 
I; = (Ci Qi - C2Q2) + (Di Qs - Р, Q,), (15) 
(16) 


I; = (C2 Ci + Ci Q2) + (D2 Qs + Di Q,). 


The C's and D's can be expressed in terms of the A's and B's. 


For we have 


әу | 
— = (a +j В) [(А, +j Аз) sinh (a + j B) х 


ee 


Ox 
+ (В, + j B3) cos (а + j B) x], 


and 
(RF jpL)I = (RF je L) [(С, + j С») cosh (a + j В) x 
+ (Di + j D2) sinh (a + j В) x]. 

Now 
oV 


— =(Е+)р1)1. 


Therefore, equating coefficients of cosh (a + j B) x, 
(К + РГ) (С, + j €) = (а +] В) (В, + j B3) 
and equating coefficients of sinh (а + j В) x, 


(R+ jpL) (Di + j D) = (aj В) (А, + j Аз) 


(17) 


1X E 
e Ts ж зай ge! 


(18) 


- 4 ts 
"ж - _ „ 
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Substituting, 
R = Z cos д, pL = Zsin6, 
a = VZ Y cos t, В = VZY sin ё, 
(17) and (18) become, 
Z (cos6 + jsind) (С, + j С.) = VZ Y (cos # 
+ jsin £) (Bi + 7 B3), 


2 (cosó + j sin ô) (Di+j D) = VZ Y (cos E 
+ jsin & (А, + j A3). 


Now 
cos£--jsn£ _ E = " 
[oU c дн cos (£ — 6) + jsin(£ — ò). 
Therefore, 
Cit ir = M 1 cos (Е ô)  jsin(£ — 8)1(В+)В) 
D, +jD: = —- cos ( £ - 6) + sin (£ — 6) | (Ai+) А). 


Separating real and imaginary quantities, 


(= 8 В, cos (&— 6) — Basin (& — ô)} (19) 


C, = ear sin (£ — 6) + Bscos(£— ô)! (20) 


D, = МУ м, cos (£— 6) — As п (#—0)} (21) 


Ds AP Ума, sin (£— 8) + As cos (£ 6)} (22) 
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Squaring and adding (19) and (20), 
Y 
C? + Cr = а (В? + B»). 
Likewise from (21) and (22), 
8 ү А 
D? + D? = E (А1 + А>). 
And by obvious processes, 


қ ү 
Cı Р, + С» р. == БАН (А,В, + А» Ba), 


y 
Z 


С, D, — C, D: = (A, В„— A» By). 


These formulas will be found useful in the next section. 
9. Calculation of Power Lost in the Line. 


(a) The dielectric loss sfs V2 ах where Vis the effective value 


0 


I 
(b) The conductor loss is f R 12 dx where 1, is the effective 
0 
Value. 

It must be borne in mind that the constants А), А», Bi, В», 
are different for different positions of the origin. If the middle of 
the line were chosen as origin the integration would be between 
l ! 

D] and — 2 4 

The evaluation of these integrals requires а good deal of pains 
but not much ingenuity. Squaring the expressions for И, and 
Vein (13) and (14) and making use of the identities, 


2 sinh? ax = cosh 2 ах — 1, 2 cosh? ax = cosh 2 ax + 1, 
2sin? Bx = 1 — cos2 Вх, 2cos Bx = 1 + cos2 B x, 
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we find that 


V2 


5 (А? + Ag + BY + Bè) cosh 2a x 


+ (41 Bi + А. Вә) sinh 2 ах 


1 


5 ( 2 +4 - B?-— В?) cos 2 Вх + (А. B, — A, B3) 


sin 2 Вх. 


Now 


cosh 2 æ хах = mh лах, sinh 2axdx = cosh 2 ах 
2a о a 


“ш _ . cos2 Bx _ Sin2 Вх. 
( sin 2 Вхах = — —28^" IE Вхах = —2B8 


Therefore 


fs Vet dx oi | (A? + Ad + Be + Be) 925 201 
0 
| | 
+ (А1 + А,-В,- В.” I 


+ 2 (A4, B, + А, В,) (9140-01 - 1) 


— 2 (4, В – As By) (= 2228) | (23) 


(b) The loss in conductors: Substituting C's for A's, and D's 
for B's in the expression for И, and using the formula at the 
end of Article 4, we find 


1 
КУ » sinh 2 ad 
IL Ij dx = ES [4 + А: + В; + В») е 


0 


— (A? + Ag — Bi — Ву) see 
+2 (As By + дз B) (SHE) 


— 2 (A, B — А, В)) (28), (24) 
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(c) Formula for the total loss: Since S = Ycos y, and 
К = 2 cos б, we have 


RY 1 | 1 

S+ -7 = 2 Y cos y (y + 9) cos 5 (y — ô), 
RY S | . 1 

5 — ше Ер = 2Y (— sin о (Y + ô)sin y (y- )). 


Adding (23) and (24), and denoting the dielectric loss by P, 
and the conductor loss by Ро, we find after a little reduction, 


Ар i 
EL соз 5 (у 9 104. 
+ A? + B, + В?) sinh 2 al 


+2 (A,B, + А, Bs) (cosh 2 ай 1) 
caer > (y — 8) | (В0--В2- А Ag) sin 28l 


+ 2 (А, В, — А. By) (1 — cos 2 80 | | (25) 


Spectal Cases. 

6. The most useful form of solution appears to be that in 
Which the coefficients are expressed in terms of the voltage, cur- 
rent, and power factor at the receiving end. 

Let E, + j 0 be the receiver voltage, 

Го (cos 0 + j sin 0), the receiver current. 

Then, taking origin at the receiver end, 


1, 
Vi = Eo, У. = 0, when x = 0; 
О, = 1,0, = 0, Q; = 0, О, = 0, when x = 0. 


Г, cos 0, Г. = І, sin Ө, when x = 0; 


Substituting in (13), (14), (15), (16), there results 


A, = Eo, Аз = 0, С, = То cos 9, Сз = Го sin 9. 
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The general formulae now appear 


Vi = Е, О, + (В, Оз — В; О,), 
Ve = Eo Q: T (В: Оз + Bi О,), 
I, = І, (О, cos 0 — О, эт 0) + (Di Qs - D2Q,), 
I; = Ip (Оз cos 0 + О ѕіп 0) + (0, Оз + Р, Q,), 


We have yet to find the value of B,, Bs, Р, and De. 
Substituting the values of Ai, As, Ci, C2 in (19), (20), (21), 
and (22), 


В, cos (Е- ô) — Besin (#— 6) = as : Го cos 0, 
B, sin (Е 6) + Bz cos (&— 8) N . Io sin б. 
Solving these two equations for B, and В», 
B, = М2. сө (0 — Е + ô), and 
В, = v= sin (0 — E + ô). 
The formula (21) and (22) Ж аї опсе 
D, = E, V 1. cos(£— ô), апа D, = EV sin (Еф б). 
Formulae (19), (20), (21), (22) now become 
Vi = КО, + ie Оз cos ( — Е + ô) 
— О.п (0-Е+9| (26) 
їз = БО» + л 2 | Ол sin (6— Е+ 8) 


+ Q,cos(@-£+8)} (27) 
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1, 


М.В. 


в, N | Qs cos (ë= ô) — О, sin (Е ô) | 


+ 1, (О, cos 0 — О. sin 0) (28) 


I. = в М Y. Qs sin (£ — б) + Q cos (Е ô)! 


+ Io (Qi sin Ө + Q: cos 0) (29) 


If the current in the receiver is lagging, 0 is negative. 


Eo, Io, cos Ô may represent the voltage, current, and power 
factor at generator terminals, if x be taken negative, so that 
Оз and О, are negative, while О, and О. are always positive. 

(a) If the line is open at the receiver end, Г, = 0, and then 


У, = Eo Qi, and 


1, = T, eS 


[ = Е, МУ 


Z 


у. = Eo Q», (30) 


| Qscos (#— 5) — 0,зїп (&— ô) | (31) 


| Qssin (&— 8) +0,соз(#— 8) | (32) 


Squaring and adding (30). 
Vi? + Vè = Eè (Q? + Q2). 


To reduce the right member, we use the following identities, 


2 cosh? ax = cosh 2 ах + 1, 2 sinh? ax = cosh 2 al — 1, 
2 sin? Bl = 1 — сов 2 ВІ, 2 cos? Bl = 1 + cos 2 ВІ. 


Thus 


(212 + О = 5 


and 


(cosh 2 ax + cos 2 Bx), 


E, = Eo м1 (cosh 2 ах + cos 2 Bx). (33) 


Squaring and adding (31), and (32), gives 


I + 14 = Е, М? Оз? + Ог | 
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which when reduced by means of the indentities above is 
= Е, И Vi (cosh 2 ax — cos2 Bx). (34) 


which, Бу (33), vives 


cosh 2al— соѕ 2 BL 
а /-- / cosh 2 al + cos 2 ВІ (35) 


I, is the so-called charging current. Its components are given 
by formulae (31) and (32). 
To find the power consumed in the unloaded line we evaluate 


| 
fs Vz dx and | RI? ах. 
0 0 


Using formulas (30), we find 


_ S E, sinh 2 al sin 2 ВІ | 
= cosh 2 al + cos 2 ВІ | до + 732 В ЗЕ 
Using formula (36), 
P, = RY E, j sinh2al sin2 BI | 
б Z (cosh2al+cos2 Bl) | 2a 26 
(38) 


The total loss 1s given by 


Dm 2 sinh 2 al cos у) (ү-6)-віп2 Bl sin $ (5—6) I 
В. d / cosh 2 al + cos 2 ВІ | 


(40) 
(b) When the line 1s short-circuited at the receiver end, we 


have E, = 0, when x = 0, and the formulas (26), (27), (28), 
(29) become 


= То ГЕ 10: COS (0— Ед) = Q, sin (0— &+8) | (41) 
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V= LM -5- 10: 9т(0- +8) + 0. со (0 Нд) (42) 
Iı = Iy (О, cos 0 — Q: sin 0), (43) 
1, = 1, (Qi sin 0 + О: cos 0) (44) 


From these we find by processes like those above, the following: 


V2 = 1,2. 2 ; 102 021 


_1,., 42 
= 5 fo ү 


| | cosh 2 ах — cos 2 Вх |, 


Whence 


m Va | 
пао аА (46) 
2 Уусоѕһ 2 al — cos 2 ВІ 


I? = Iè (О? + 02) = > Iè (cosh 2 ax + cos2 Вх); (46) 


I= + E, ( cosh 2 æl + cos 2 Bl ) (47) 


cosh 2 al — сов 2 Bl 


In order to find the components of V and J we must first find 
the value of 0. Since we are taking the receiver voltage as the 
zero vector, we have 


И, = 0, when x = 0. 


And since the power at x = 015 zero, we have J; = 0 when 
х=0. This gives 


Qi cos 0 — Qs sin Ө = 0, when х = 0. 
But О, = i, when x = 0; and О. = 0, when х = 0. 


Therefore, cos @ = 0, 0 = 90°, sin 0 = 1, and (41), (42), (43) 
(44), become 


Viz = Io и 10, sin (£— 6) — О, cos (&— 5) (48) 
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S 
& 
| 


То а | Qs cos (£— 6) + О, sin (£— ô)! (49) 


Ii = e Io О», Io, = Г, Qi, | (60) 


The power input is Zi; Vi, + Г, Ро, and is consumed mostly 
in the conductors. The separate losses are found by changing 
signs 1n formulae (37), (38), and the total by changing signs in 
(39). 

(c) Given generator terminal voltage and receiver impedance. 

Let Ro + 7 Хо be the given impedance; then P where 


ФЕ V Re +X 2, is the power factor and the value of cos 9 


in formulae (26), (27), (28), (29). — žo is the value of sin 0. 
0 


The values of the Q's having been computed for x = /, and 
the values of — and д, the formulae become 


Vi, = Е О, + МІ, Vs = Е 0 + N Ho, (61) 
Ij, ЕН + К Io, Ing = Eo F + СІ, (52) 


where М, N, F, С, Н and К are known numbers. 
Since Eo = Zo Io, (51) and (52) may be written 


Vis = М’ Io, V = N' Io, Lig = К' І, Г, = С' Io (58) 
Where М’, N', K' and 6” are known numbers. 


Since 
Р | N' 
Vi, = Е, со$ ф, and Vs, = E, sn $, we get tan ф = MU whence 
Фф, sin ф, апа cos ф. Then 
--Е, сө Ф Е, sin ф 

1 ше М! v N' | (54) 
and by (53) 

К’ С’ 

li, м’ E, cos ф, 15 = ar Ee біп ф (55) 


E, being given and sin @ and cos @ being determined, the 
problem 1s solved. 
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(d) Given power and power factor at receiver and loss in line. 

The impedance of the receiver is not known, but is to be deter- 
mined. The value of sin 0 and cos 9 being known, and that of 
Eo Го cos 9 which we denote by Po, and the known loss by Р, 
we have from (61) and (52), 


(Eo Qi + M Io) (Eo H + К Io) + (Eo Qa + N Io) (Eo F + G Io) 
= P+ P, (57) 


Ро 
То cos 0” 
algebraic equation of the fourth degree is obtained which may be 
solved as a quadratic, and at least one real positive route. 

(e) Line loss a minimum with given power factor and power. 

Differentiating (67) and equating to zero, because 4Р = 0 
at a maximum or minimum, we get an equation of the form 


Now E, = Therefore, by substitution in (66) an 


(A E, + Blo) dEy + (CE, + DIo) dI, = 0. 
Since Е I, is constant, 
Iod Eo + Eod Io = 0. 
Eliminating the differentials. 
A E? + (В— С) Е ТГ. D Ig? = 0. 


Which with Eo Jo = constant determines Ey and Ip. 

There are two values of E, and two of [о corresponding, one 
pair corresponding to the maximum power, the other to the 
Minimum. 

_(f) Given electromotive force between generator terminals, im- 
bedance between generator terminals and receiver impedance. 

Let the receiver voltage be E, +10; Zo = Ro +j Xo, the 
receiver impedance, 2, = К, +] Xy, the generator impedance, 
E, + JE; = Ecos +jEsing = E, the electromotive force. 


At the generator, we have, 
E (cos $ + j sin ф) = (У, +] Vag) + (К, + 1 ХҮ) (1, + 7 1;). 
Separating reals and imaginaries, 


Ecos@ = Vig + Rilig— Xi Lay, 
E sin ф = Ро; + К, Ilat X: Lis 
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Now, Vio, Veg. Lig, 120, are expressed in terms of Eo, Jo, and 
cos баз іп (B3), since E, = Zo Io. Therefore, 


E cos ф = M" I, and E sin ф = N” Io. 


Whence 
N" | 
tan ф = ——,—, 9, cos ф and sin œ. 
M 
js E свф _ Esin $ gud Ж mq 


мм. 


Then substituting in the equations corresponding to (63) we 
get the generator voltage and current and power factor. 

(g) Derivation of formula for the leakage conductance S, from 
Peek's empirical formula for corona loss. 

The loss of power per unit length of conductor, according to 
Peek, is given by the formula 


d P ы 

n um (Ву Ег), 
where a is an empirical constant, f the frequency, E, the effective 
voltage at x, and Е; a critical voltage at which corona begins. 


Then the line loss is given by the formula 


P = af | (E, — Eq)? dx, 


0 


where s is the distance from the open receiver to the point where 
corona begins. Р is expressed in kilowatts, x in kilometers. 

In the unloaded line, 
E, 


‚ = A Vcosh 2ax + cos 2 Вх, where A = —————£———. 
V cosh 201 + cos 2 Bl 
Треп 


Р = а} [l^ (cosh 2 ax + cos 2 Вх) 


0 


— 2А E, Усоѕһ 2 ax + cos 2 fx + Eè | dx. 


sinh 2 as sin 2 Bs 


|К 2 ax + cos 2 Вх) dx = —— + 2B ` 


20 
0 


| rf ——— 
” ` 
. М 
* .. . i 
a 
* Ж 
ы 1 
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The value “| Vcosh 2 ax+cos 2 Вх. dx can be obtained D Р 2 
0 | | 5 
only by approximation. Тһе answer is nearly V2 (2а: ) б; dE uM 
when сов 2 В! 15 nearly unity, as it is, except in extremely long E 
lines. Therefore, Ё 
» р sinh 2 as sin 2 Bs | з. в | | қ 
Л JE | 2a + 28 rr s 
_ 2 A E; V2 sinh as TN za], st TEE a | 
a "uu E 
| _ 
Now, in the unloaded line the conductor loss is negligible and 
the dielectric loss is given by (37) Equating to the calculated е е 
corona loss, we find | CE x 
S = P (cosh 2 al + cos 2 ВІ | um. Е е 
ваз sinh 2 al sin 2 5) 4 T 
d 2a 2 8 ice 222% “ 
SECTION II. NUMERICAL ILLUSTRATIONS ee cae | 
1. Taking / = 300 miles, В = 0.30 ohms, Г = 0.00196 henrys, "NN uu 
С = 0.0153 x 10-* farads, S = О, p = 377, we find (see Art. 2, И *® 
Section I), ИА 
б = 67° 53’, y = 90°, Е = 78° 56' 30", Z = 0.795, У = 5.77 ee ee, сш 
X 10-5, ¢—§ = 11?3'30", VZ Y = 2.14 X 104, а = 0.000412, Fr m 
8-0 Z __. -А/Т _ 2.693. PEE IN 
002100, Ve 371.5, v. p Т 
ө ае 
sin (£ — 6) = 0.19181, cos (£ — 6) = 0.98143; pode. Vou 
al = 0.1236; Bl = 0.630 = 30° 6’, 2 al = 0.2472, 2 BI = 72° 12’, oe җе, 
sinh al = 0.1239, cosh о! = 1.0077, cosh 2 al = 1.0307, = жауа 
cos 2 В] = 0.3057, sin ВІ = 0.5892, cos В! = 0.8080; В 52 
(0, = 0.8142, 0, = 0.0730, О; = 0.1000, О, = 0.5935. | ы 
Taking generator terminal voltage at 100,000 volts, we find -— us р 
for the receiver voltage, for the unloaded line, 92 ee 
100,000 Va" aa 
Ер = ——————— 2 = 122,300 volts. | 
v/1.3364 uc 
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The components of the generator terminals voltage are, by (30) 
Vi, = Eo Qi = 99,600, Vo, = Eo О» = 8,900. 


For the charging current, 


I, = 100,000 x 2.693 x 102 x М -07250 


13364 = 199.2 amperes 


Its components, (31), (32), are 


Ii, = 122,300 x 2.693 x 10-8 | (0.1) (0.9814)— (0.594) (0.192) | 
= — 5.3 
Ia, = 330 X 0.6042 = 198.8 
The power consumed in the unloaded line is 


(99,600) (— 5.3) + (8900) х (198.8) or 1,250,000 watts. 


Since S = 0, the dielectric loss is nothing. Formula (38) gives 
the same result, 1,250,000, for the conductor loss. 

2. Now let us take Io = 68.0 amperes, E, = 57,700, cos 0 
= 0.85. Then sin 0 = — 0.5270, 9 = — 31° 47, 0— & + ӧ 
= — 42? 50’ 30”, cos (0 — Е + ô) = 0.7332, sin (0 — + ô) 
= — 0.6800. Substituting т (26), (27), (28) and (29), 


Vi, = (57,700) (0.8142) + (68.0) (2.693) - 10: | (0.1) (0.733) 


+ (0.594) (0.68) | = 59,060 volts. 


= (57,700) (0.073) + (25,300) | (0.1) (— 0.68) 


+ (0.594) (0.733) | = 13,490 volts 


13,490 


“Фи = "59,060 


= 0.2280, фл = 12°51’, cos фи, =0.9750. 


У, = 60,600 volts. 
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LSR | (0.8142 (0.85) — (0.073) (— 0.527) | 


2.693 Eo 


280558 f (0.1) (0.9814) — (0.594) (0.192) } 


+ 


= 0.7285 I, — 0.0000431 E, = 47.0 amperes: 


быы: | (0.8142) (0.527) + (0.073) (0.855) | 
FR 22а | (0.1) (0.192) + (0.594) (0.9814) | 
371,5 1 9D WE л 
= — 0.366 J, + 0.00162 E, = 68.5 amperes. 
tan фи = 55-5 = 1.459, фы = 55° 10’, совфы = 0.5712, 


I, = 82.0 amperes. 
Фи — $a = 42° 19". Power factor = cos (42° 19’) = 0.7395. 
Power input = 60,600 Х 0.7395 X 0.7395 = 3,700,000 watts. 


3,333,333 


3,700,000 = 999 


Efficiency of transmission = 


3. Leaving E, and Io arbitrary, and taking power factor 0.85, 
we have above, 


0.8142 E, + 177.3 Io, 


Vi, = 
Vo, = 0.0730 E, + 136.0 Zo, 
Го = 0.7285 Jo — 0.0000431 Eo, 


Log = — 0.366 Jo + 0.00162 Eo, 


These equations enable us to tabulate rapidly values of the 
Бепегафог voltage and current and power factor corresponding 
to a series of values of Eo and J, when the power factor is 0.85. 
À different power factor requires a different set of equations. 

4. Minimum power input for given out-put at given power factor. 

The power input is 


(0.8142 E, + 177.3 Io) (0.7285 Ip — 0.0000431 Eo) 
+ (0.730 Е, + 136.0 Го) (0.00162 E, — 0.366 Jo), 
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which multiplied up, is 
0.001145 Eo? + 0.5465 E, I, + 79.2 1%. 


Since E, [о is constant this a maximum or minimum when 


0.001145 Eo d Eo + 79.2 Io d Io = 0. 


Eo Го being constant, 
Io d Е, + Eo d І, = 0. 


Eliminating the differentials, 


0.001145 Е, = 79.2 Iè, 
Ес? = 69,200 10, E, = 265 Io. 
` If Eo Io = 68.0 X 57,700, then E, = 32,200, Io = 123.0. 


This will be found to be a maximum. There is a minimum, 
but it seems necessary to tabulate values of the generator voltage, 
current and power factor, to find it. Тһе minimum is found to 
be about 3,665,000 watts, voltage 65,300 volts, current 60 am- 
peres, power factor 80 per cent. 


Why the calculus gives the maximum and not the minimum 
has not vet been determined. 


5. In order to see the effect of leakage we take the same line 
with the same constants, but with S = 20 X 10-3 instead of 
S = 0. We find 


$ = 67954712”, у = 88° 0'51”, Z = 0.795, Y 25.772 X 10 -5, 


Е = 77957712”, VZY = 2.116 x 102, 


Z _ AY. P 2T 

m 371.6, и и = 2.671 Х 10-3, wave length = B 
= 0.000442, В = 0.002070. | 

al = 0.13260, ЙІ = 0.6210 = 35° 34’ 52", 2 al = 0.2652, 
2 Bl = 71° 9’ 44", cosh al = 1.0089, cos ВІ = 0.8133, sinh 
al = 0.13298, sin Bl = 0.58186. 

Qı = 0.8203, 0, = 0.776, Оз = 0.1082, Q, = 0.5892, 

9 = — 31° 47’, sin 0 = — 0.527, cos 0 = 0.85, 


E — ô = 10° 03’ 20", cos(£ — ô) = 0.98164, sin (£ — ô) 
= 0.17460. 


~& 
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(0 — & + ô) = — 41° 50’ 20”, cos (0 — + £6) = 0.74507, 
sin (0 — £ +6) = — 0.6670 

Vi, = 59,300. Vo, = 13,670, фи = 12°57’, Г, = 60,900 volts. 

ForS = 0, we had | 

Vi, = 59,060, V2, = 13,490, $,, = 12°51’, V, = 60,600 volts. 


For S = 20 X 10-8, we find 

Ii, = 49.13, I, = 67.8, фи = 54° 4’, І, = 83.7 amperes. 

For S = 0, we had | 

Ii, = 47.0, Iz, = 68.5, фи = 55° 10’, I, = 82.0 amperes. 

For 8 = 0, power factor was 0.7395, while for S = 20 X 10-8 
the power factor is (cos 31° 7’) or 0.856. Obviously the effec- 
tive values of voltage and current are not much changed, but 
the power is changed considerably. 

For S = 0, the efficiency of transmission was 90 per cent; for 
S = 20 X 10-5, 86.5 per cent. 

6. If the receiver impedance is 425 + j 263.5, and the generator 
voltage is 100,000, find the components of current and voltage 
at theterminals. (S = 0.) 

Here E, = 500 Jo, cos 9 = 0.85, sin 6 = — 0.5270. 

Taking equations in Article 3, we have 


Vi, = 584.3 Io, Vo, = 171.5 Io, tan фи = 0.293, фи = 16? 20’, 
COS фи = 0.9596, sin $,, = 0.2812, and if E, = 100,000, we have 


Го = 164.0 amperes, Vi, = 95,960, Vs, = 28,120, Е, = 82,000 
volts. 
Га = 139.0, 1: = — 86.5, Zı = 119.0, I2, = 73.0, I, = 139.0. 
Power input = (95,960 X 119.0) + (28,120) (73.0) 
= 13,500,000 watts. 
12.250,000 watts. 


Output = 82,000 х 164 X 0.85 


7. Let the electromotive force of generator be 100,000 volts, 
қепета(ог impedance 80 + j 60, receiver impedance 425 + j 263.5 
The power factor of receiver is 0.85, and Ey = 500 Jo. 


27 
| 


= 0.8142 E, + 177.3 I, = 1.1688 Eo, 
Г; = 0.7285 I, — 0.0000431 Е, = 0.001414 Eo, 
Iz, = — 0.366 7 + 0.00162 E, = 0.00089 Eo. 


= 
| 


At the generator, 


100,000 (cos ф + j sin $) = (Vi, + j Vz) + (80 + j 60) 
Lig + j Is). 


.* - . - 
E 2 
” - 
оны we ond. 
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Separating, 
100,000 cos $ 
100,000 sin $ 


Vig + 80 Li, — 60 Izo, 
Vo, + 60 Lig + 80 Izo. 


Substituting values of Vi,, Voy, Iio, Izo, above, we find 
100,000 cos @ = 1.2185 Eso, 
100,000 sin ф = 0.5090 Е,. 
tan ф = 0.418, ф = 22° 41”, cos ф = 0.9228, sin ф = 0.3856. 


1.2185 E, = 92,280, Eo = 74,000, 10 152.8, 

Vi, = 1.1688 E, = 89,500, Vo, = 0.345 E, = 26,500. 

tan $,, = 0.295, $,, = 16? 26', V, = 93,100. 

Ii, = 0.001414, E, = 109.0, Je, = 68.0, ф; = 31° 58’, I, = 128.5 
фо — $i = 15? 32’, cos 15? 32’, = 0.9635. 

In-put at generator — 12,400,000 watts. 

Out-put at receiver — 9,950,000 watts 

Efficiency of transmission 80 per cent. 

Loss in generator = 320,000 watts. 


M 
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MUNICIPAL CO-OPERATION IN PUBLIC UTILITY 
MANAGEMENT 


BY PHILIP J. KEALY 


ABSTRACT OF PAPER 


Conditions surrounding early grants. Meagre knowledge 
of the importance of public utilities in their inception. The 
changing view point of the public with respect to the utilities. 
The constantly increasing investment necessary to meet public 
demands and,the need of favorable franchise conditions, that 
capital may be attracted to meet same. The early franchises 
proved unsatisfactory. Public utility business should be a 
monopoly but should be regulated. The question of its regula- 
tion. Different theories under which regulation and municipal 
co-operation have beenexercised. Future additional co-opera- 
tive measures. Limitation of extensions. Building of ex- 
tensions by private assessment. The injustice of diverting 
public utility earnings to municipal purposes. An abstract of 
the Kansas City traction ordinance passed July 1914. 


[| )URING the early 80's ог 90's the country was carried away 

with the possibilities of both urban and interurban electric 
traction and electric light and power. This realization of the 
many possibilities of electricitv, taken together with the in- 
creasing demand for conveniences, resulted in communities 
giving every encouragement to capital, that it might bring 
within the range of their individual members electric trans- 
portation, electric light and power, as well as telephone, gas 
and water facilities, former luxuries which have now become 
absolute necessities. Corporations, whether publicly owned ог 
privately managed, furnishing this service have since become 
known as public utilities. 

The franchises under which these early public utilities were 
promoted, constructed and operated, were generally granted 
on easy terms and contained many loose provisions, the chief 
interest of communities at that time being to make certain 
that the investment would be undertaken and the service 
furnished; and if any value was attached to the franchise, it 
was its value to the community in making certain that the 
particular service would be assured its inhabitants. Because 
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of this viewpoint, competition and duplication were encouraged 
in every possible manner and franchises were indiscriminately 
granted all applicants. 

While in many of the eastern states perpetual franchises were 
granted, in the majority of states public utility grants were 
limited by statute to periods of from twenty to forty years. 
Due, therefore, to the expiration of a large number of these 
older franchises, the mutual relations existing between the 
public utility and community served have been within recent 
years the subject of deep consideration. 

In considering the older franchise contracts, it is generally 
found that, viewed with today's tendency, they contain pro- 
visions which are apparently too favorable to the utility and 
which, in many cases, do not fully protect the, interests of the 
public as now generally recognized. On the other hand, it 
must likewise be conceded that such franchises were drawn at 
a time when a very meagre conception existed as to either the 
possibilities or the future development of public utilities. This 
meagre knowledge brought about many improvident and un- 
fortunate investments with consequent loss and hardships to 
the investor, and as a result, the net return to the operating 
company has not been as great as the public was wont to believe. 

Within the last decade a clearer and better defined under- 
standing of the entire situation has been brought about. The 
owners of the utilities more than ever realize that 1t 1s necessary 
for them to accord the best service to the public, and that public 
confidence and satisfaction are the greatest assets of any public 
service company. On the other hand, careful and disinterested 
studies have proved that public utilities as а whole are not as 
profitable as the public has been led to believe was the case, 
and that liberal treatment must be accorded the private com- 
panies, that they may continue to attract the additional capital 
necessary to meet the increasing demands for service. 


THE INCREASING INVESTMENT 


Because of the increasing demands for service, the increased 
population to be served, the changes in the art and more exacting 
service standards, tremendous sums have been and must con- 
tinue to be invested in all public utilities, if the public’s needs 
are to be satisfied. 

The urban population has greatly increased in the United 
States. In 1890, 36 per cent of the population of the country 
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was in cities of over 2500; in 1900, 413 per cent; while accord- 
ing to the census of 1910, 46.3 per cent of the total population 
resided in cities. 

The investment in the street railways of this country, which 
in 1890 was $389,000,000, had grown in 1902 to $2,167,000,000, 
in 1907 was $3,637,000,000, and according to the census 
report for 1912 had reached the enormous total of $4,545,000,000, 
an increase of over 1000 per cent within twentv-two years. 
Similarly, the investment in electric light and power companies 
has had an even more stupendous growth. 

Not alone the unusual and hazardous features of the service, 
but the frequent and constant changes in the art have played 
an important part in increasing the total investments made in 
public utilities. Тһе large investment in horse car lines was 
succeeded by cable construction in many of the cities, notably 
Pittsburgh, San Francisco, Kansas City and Chicago. Before 
the investment in cable construction had reached the point 
where even moderate dividends were earned, it was in turn 
succeeded by electric traction. At that time the importance 
of the depreciation charge was not generally recognized and 
the initial investment in manv of these older cable properties 
has never been realized to this date. The original methods of 
electric traction have in turn been changed many times in the 
fifteen or twenty years since their general adoption and, whether 
it be permanent or not, we now have the jitney. Power house 
design, affecting the electric railway, light and power companies, 
has undergone revolutionary changes from an engineering view- 
point. The replacing of the reciprocating engine by large 
turbo-generator units, the evolution in boiler and synchronous 
converter design and in the methods of transmission, all have 
undergone important changes and demanded an ever increasing 
investment. The constant extension of underground districts 
in the larger cities, within which all overhead wires must be 
removed to conduits, has entailed an enormous expenditure. 

Perhaps the influence of the changes in the art upon the 
investment can be best summarized in the emphatic statement 
that, despite all of the tremendous engineering advancements 
which have been made, regardless of the greater capacity of 
practically every unit now serving electric companies, whether 
it be in the power house, substation or street car, the investment 
per dollar of gross earnings 1s today greater than И was twenty 
years ago. And not only is the investment per dollar of gross 
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earnings greater, but the rate for service remains the same or, 
more frequently, has been reduced, while the purchasing power 
of money has decreased so that investors are receiving less and 
less. Universal transfers have reduced the average fare about 
30 per cent and a standard of service is now furnished which 
was formerly considered impossible to attain. 


EARLY FRANCHISES UNSATISFACTORY 


The limited-term franchise in addition to not fully protecting 
the rights of the public, as they are now viewed, proved decidedly 
unsatisfactory to the private companies for the reason that no 
protection was afforded permanent investments. Апа since 
the former franchises did not protect the early investments, 
the municipalities have been able to incorporate more exacting 
demands in new franchises because the investments now exist, 
whereas formerly the desire of the city was to encourage and 
assist in bringing about such investments. 

Therefore, in readjusting the relations between the munic- 
ipality and the private company, not only is the history of the 
industry better understood and its future possibilities recognized, 
but there exists in the mind of the public a broader knowledge 
of the subject and more clearly defined theories as to the con- 
ditions under which the future privileges should be exercised. 


REGULATED MONOPOLIES 


Perhaps the foremost advancement in either state or muni- 
cipal cooperation in public utility managment is the recogni- 
tion of the fact that competition in similar public utilities with- 
in the same community generally results in an economic waste 
without improved service. 

The National Civic Federation s Committee on Public 
Ownership іп a report made sometime since stated: “ Public 
utilities whether under public or private ownership are best 
conducted under a system of regulatory and legalized monopoly." 
This theory has been recognized in practically every state public 
utihty law, most of which provide that before a competitive 
utility can be operated within the state, a certificate of con- 
venience or necessity must be approved by the commission. 
In several of the states this even applies to the installation of 
municipal plants and in many instances the desire of munic- 
ipalities to enter into the public utility business has been re- 
fused by the state commission on the grounds that a privately 
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owned utility already existed within the municipality of suffi- 
cient size to meet the existing demands for service. 

The creation of public service commissions, in the majority 
of states, has been due not only to a recognition of the tremendous 
part public utilities now play in the affairs of the common- 
wealth but equally that proper supervision may be had. The 
present day tendency, as reflected in most of the more modern 
franchises however, is towards recognizing that the interests of 
the community and the private company furnishing public 
service to that community are identical and that the interests 
of each can be best served by mutual and concerted action. 

No public service commission act yet passed provides for the 
detailed participation in or supervision of the affairs of a private 
company essential to the successful operation of a partnership 
management. Therefore, where the city 1s interested in other 
than the mere standard of service required, a closer participa- 
tion in the company’s business is necessary than that which 
public service commissions can generally exercise under their 
enabling acts. | 


EXTENT OF MUNICIPAL COOPERATION 


There have been a number of important franchises granted 
within the past eight or nine years, in which the trend or extent 
of municipal cooperation is well illustrated. Several different 
theories, all purporting to reach the same end, have been used, 
the more important of which being as follows: 

1. That the company be permitted a fixed return, if earned, 
upon an agreed valuation, all earnings over which to go to the 
city or to be used to reduce the rate of service. 

2. The company be permitted a fixed return on an agreed capi- 
talization and the surplus over same to be divided between the 
public utility and the municipality. 

3. That a certain per cent of the gross earnings be paid to 
the city, and the city in addition to supervise and regulate the 
service. 

4. Thesliding scale. 


THE FIXED RETURN | 
An example of the first theory is that of the Cleveland trac- 
tion ordinance, which permits a return of 6 per cent on an agreed 
capital value and fixed a rate of fare or service under which it 
was estimated the earnings would return the above per cent 
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to the company. In addition, a reservoir fund was created 
into which the surplus earnings over and above the amount 
paid to the company are deposited. When this reservoir reaches 
a fixed maximum, fares are automatically decreased, and when 
the reservoir is depleted to a certain minimum the fares are 
automatically raised. In addition, the ordinance provides a 
fixed amount to be expended for operation, as well as for main- 
tenance. Тһе weakness of this theory, as developed in the 
Cleveland situation is two-fold: first, the evil exists in this con- 
tract that is inherent in any contract which limits the operating 
company to a fixed per cent of return, in that the incentive 
to the company towards providing efficient management 1s 
thereby utterly lacking; second, the building of extensions tends 
to decrease the reservoir and increase the rate of fare, this for 
the reason that generally all extensions are development lines 
and unprofitable during the first few years. 

The electric railway, by making available the cheaper outly- 
ing property at the same rates of fare, has done more to solve 
the question of improper housing conditions and slums than 
all of the sociological studies, investigations and corrective 
measures that have been undertaken in this country. Any 
ordinance provision which tends to limit or discourage exten- 
sions, either directly or indirectly, will permanently jeopardize 
and injure the best interests of the city, and will more than 
offset any of the meritorious provisions. The very life and 
vitality of every American citv is concerned in developing the 
outlying property, making possible cheap home sites and by 
preventing a zone system of fares or rates discourage and render 
impossible the slum conditions generally found in Europe 
where such rates are in effect. 


THE FixED RETURN TOGETHER WITH CITY PARTICIPATION 


The second theory is one on which both the Chicago and 
Kansas Citv traction settlements were made. The Chicago 
traction ordinance provides that the company shall be permitted 
a 5 per cent return upon an agreed capital value and that the 
surplus earnings over and above said 5 per cent return shall 
be divided between the city and the company, 55 per cent to 
the former and 45 per cent to the latter. The city, through a 
Board of Supervising Engineers, participates actively in the 
management of the company, supervising and directing every 
phase of its operation, such as the routing and scheduling of 
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cars, the approving of all engineering work, the supervision 
of contracts and the approval of capital expenditures. The 
original Chicago ordinance, as passed in 1907, did not provide 
for the participation of the Board of Supervising Engineers in 
the operation of the company, this supervision under the original 
ordinance being confined to the approval of capital account 
charges and the supervision of all engineering features. Тһе 
vital interest of the city in proper service was recognized by 
amending the 1907 ordinance in 1913, so that the Board of 
Supervising Engineers would also supervise the routing and 
scheduling of cars, in addition to having supervision over the 
features hereinbefore mentioned. All of the aforementioned 
methods of city cooperation were also provided for in the 
Kansas City ordinance, passed in July of last year. In addition, 
the Kansas City ordinance goes a step further and provides 
that not only will the city cooperate in the management through 
a Board similar to the Chicago Board, but it will also be repre- 
sented on the Board of Directors of the company, five of the 
eleven directors being appointees of the mayor. The city will 
thus not only have representation in the ordinary operating 
affairs of the company, but will be cognizant of all financial 
and corporate matters as well. 


City SUPERVISION TOGETHER WITH PER CENT OF GROSS 
EARNINGS 


The third method of municipal cooperation is, among others, 
the basis of the Chicago telephone and electric light franchises 
and of the St. Paul electric light franchises. The Chicago tele- 
phone ordinance provides that in addition to 3 per cent of the 
gross earnings being paid the citv, a telephone inspector is to 
be selected by the city (but paid for by the company) who 
will be responsible for supervision of the telephone service. 
To him are given the various complaints and he is charged with 
the responsibility of correcting them, so far as he may be able. 
In addition, the rates are regulated every five vears. Similarly, 
in the electric light franchise a fixed per cent of the gross is paid 
each year, the rates are regulated at stated intervals and the 
city electrician exercises supervision over all the service at all 
times. 

THE SLIDING SCALE 

As to the fourth method: Of all the ordinances passed with- 

in the last few years, the Boston gas ordinance passed by act 


. 4 я 
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of legislature May 26, 1906, is one of the few in which the 
efficiency of management is recognized. The initial rate of 
gas was fixed at 90 cents per 1000 cubic feet, which rate 
permitted a return of 7 per cent on the par value of the capital 
stock. For each reduction of 1 cent per 1000 cubic feet made 
to the consumer the company is allowed one-fifth of 1 percent 
extra dividend. In other words, at 90-cent gas the company 
return is 7 per cent, whereas if it can sell gas at 85 cents, the 
company is allowed an 8 per cent return. Ап itemized state- 
ment of the production, distribution and depreciation expense 
is required to be published annually. If the profit each year 
is over 7 per cent and no reduction is made to the consumer, 
1 per cent on the par value of the outstanding capital stock is 
set aside for contingencies or lean years. This surplus, or 
reserve fund, is never to exceed one-twentieth of the par value 
of the stock. In case the surplus earnings in any year exceed 
this 1 per cent (8 per cent on the capital stock) and the reserve 
fund is equal to one-twentieth of the par value of the stock 
and no reduction in the price of gas is made to the consumer, 
the surplus earnings are to be paid to the various munic- 
ipalities through which the company distributes gas, on the 
basis of the miles of mains installed in each community. 

As to the practical working of this scheme, gas originally 
sold at 90 cents, then at 85 cents, and is now selling at 80 cents, 
consequently the company 1$ earning 9 per cent dividends. 
Thus, the company has a direct financial incentive in reducing 
operating expenses in every way and in providing the most 
efficient methods of gas production and distribution, since it 
shares directly with the public the profits of efficient manage- 
ment. Mr. Richards, president of the Boston Consolidated 
Gas Company in a recently published article, said: “И is 
well known that when the new interests secured control of the 
properties mentioned, various companies were looked upon 
with disfavor by the public, and realizing that fact the present 
management has endeavored to conduct the business affairs of 
the corporations on a broad, liberal, business basis, believing 
that one of the most valuable assets that a public service cor- 
poration can have is the confidence of the public." Mr. 
Richards quotes from a magazine article written by Mr. Louis 
D. Brandeis, who attained national prominence in the railroad 
rate hearing before the Interstate Commerce Commission by 
his statement аз to what efficiency could accomplish in rail- 
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road management: ‘Boston has reaped from the sliding scale 
system far more than cheaper gas and higher security values. 
It has been proved that a public service corporation may be 
managed with political honesty and yet successfully, and that 
its head may become a valuable public servant. * * * Gas 
properties which, throughout the greater part of twenty years, 
had been the subject of financial and political scandals develop- 
ing ultimately bitter hostility on the part of the people, are now 
conducted in a manner so honorable as to deserve and secure 
the highest public commendation.” 


LIMITATIONS ON EXTENSIONS 


Many of the franchises contain limitations on the extensions 
which will be made from year to vear. In St. Paul the electric 
light franchise for example, provides that the lines need not be 
extended to power customers having a demand of less than 
2 h.p. per day for each 100 ft. of underground conduit exten- 
sion, or each 300 ft. of overhead extension. Inthe Philadelphia - 
gas agreeement, the extensions are likewise limited to the 
prospective business. Similarly, in the Chicago traction ordin- 
ance the construction of a definite number of miles per year 
was provided. In the Kansas City traction ordinance a mini- 
mum of four miles of track per year is provided with the added 
provision that any track which will pay 6 per cent on its cost 
over and above operating expenses shall in addition be con- 
structed and further, that any trackage constructed and paid 
for by property owners or other individuals becomes the prop- 
erty of the city and must be operated by the traction company. 


BUILDING OF EXTENSIONS BY PRIVATE ASSESSMENT 


One of the most fertile fields for cooperation is that of assist- 
ance in financing the unprofitable extensions (and as previously 
stated most extensions are unprofitable) and this not only when 
privately owned but-when publicly owned as well. Generally, 
all extensions to municipally owned water plants are made out 
of earnings. This can only be possible when the rates to the 
consumer are too high, for if extensions were considered as a 
permanent investment and therefore made from funds Бог- 
rowed instead of from earnings, the present rates could and 
should be reduced. Further, the building of extensions, whether 
to a water system, street railway system, electric light system 
or gas system, has a decided bearing on property values within 


2272 KEALY: PUBLIC UTILITY MANAGEMENT (Осі. 19 


districts proposed to be served. The building of street railway 
extensions generally increases the price of outlying property 
from $3 to $10 per foot. Similarly, the value of property 1s 
increased when gas, water or electric light facilities are furnished. 
In cities where rapid transpartation is found, rents are invari- 
ably higher than in sections of the city where such is not the case. 
In other words, extensions generally directly benefit the property 
owner and work to the disadvantage of the rate payer; and if 
municipal cooperation in public utility management 1$ to exist 
in the fullest sense and equity is to be done to the three parties 
interested, t.e., the operator, the municipality and the rate 
payer, some method should be devised whereby the cost of 
unprofitable extensions should be borne, partly at least by the 
property owner who derives the major benefit therefrom. 
Recognizing this general principle, Cleveland is proposing to 
build certain track extensions by assessing their cost against 
the abutting property; Philadelphia is proposing to embark 
on a rapid transit system costing many millions of dollars, and 
the property owners will pay for it in proportion to the benefits 
received. Several of the larger municipal water works systems 
are considering this manner of providing for the increasing cost 
of extending their system. А more general application of this 
theory would furnish a partial solution of the difficulties ex- 
perienced by most public utilities in attracting the funds with 
which to satisfy the ever increasing demand for service. 


INJUSTICE OF DIVERTING Gross EARNINGS TO MUNICIPAL 
PURPOSES 


Another development regarding the relations between the 
city and the privately owned utility, which is constantly find- 
ing expression in the most unxpected sources, is the idea that 
it is unjust to pay any per cent of the gross earnings of a public 
utility into the municipal treasury. This was one of the pro- 
visions most frequently found in the early ordinances, and 
even in many of those passed within the last few years it has 
been rigidly insisted upon. It is now generally recognized that 
such a diversion is unfair to the consumer; that the portion of 
the company’s profits, which goesinto the municipality’s coffers 
and thus is used for the benefit of all of the inhabitants, has been 
realized only from those citizens using the particular service 
and should, therefore, be expended in perfecting and increasing 
service—not in reducing general taxes. “ Better service ” is the 
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present day slogan, and so long as a considerable portion of the in- 
come of the operating company is diverted to municipal pur- 
poses, better service is handicapped to that extent. Forinstance, 
the city of Toronto now receives under an ordinance passed 
in 1891 about 20 per cent of the gross earnings of the traction 
company, which sum equals between $900,000 and $1,000,000 
per year and forms a very large proportion of the total munic- 
ipal receipts. Within the past few years, the city of Toronto 
has had numerous investigations and has tried in diverse ways 
to bring about a betterment of its street car service. The 
amount of money, however, which the city derives from the 
traction company is secured from giving improper service. 


At least 50 per cent of the total received by the city from this 


source goes to reduce the taxes of five large corporations in that 
city. On the other hand, the additional fixed charges on any 
of the solutions of Toronto’s traction problems, as worked 
out by various engineers, would annually cost not to exceed one- 
half the amount paid by the traction company to the city and 
diverted to uses foreign to its source, viz., the street railway 
business. 

In Chicago a fund of approximately $15,000,000 has been built 
up out of the city’s share of the traction earnings at the expense 
of the strap-hanger. The ordinance contemplated that this 
money should have been expended long since in subway con- 
struction and thus reduce the down-town congestion, but for 
reasons beyond control it has not been done. 


In discussing, therefore, the future cooperation of the munic- - 


ipality in private management, so far as may be practical, 
all profit from the corporation going to the municipality should 
be devoted towards improving the service of the corporation 
from which it is derived. 


THE KANSAS City PLAN OF COOPERATION 


Of all the franchise contracts which have been passed within the 
last seven or eight years, perhaps the street railway ordinance 
adopted July 7, 1914, in Kansas City, provides for municipal 
cooperation in more detail than any other. The manner in which 
the municipality will cooperate in the financial, corporate and 
_detailed operation of the property as set out in the ordinance 
briefly is as follows: 

The value of the property is fixed. On said fixed value it is 
agreed that the company shall be entitled to a 6 per cent return 
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“if and when earned." The total agreed capital value is 
$30,000,000. 

It is further agreed that before the company participates to 
any extent in the earnings over and above the fixed return of 
6 per cent, all excess earnings shall be put back into the property 
until of the total value, $7,500,000 shall have been made good 
with physical property and capital account not increased thereby. 
At such time as this is accomplished, the company and the city 
will divide the surplus earnings over and above the 6 per cent 
return in the proportion of $2 to the city and $1 to the company. 

The city 1s to receive certificates of ownership for the values 
made good out of earnings and the contract also provides that 
should the city devote its portion of the surplus towards the 
purchase of the property, then when one-half of the capital 
value has been paid down, the city will take over the ownership 
of the entire system, subject to a mortgage indebtedness of 
the other half. 

That all these various interests of the city may be properly 
safe-guarded, the contract contains the following general part- 
nership provisions: 

1. The company is to be incorporated with eleven directors, 
five of whom are to be nominated by the city. 

2. Those features pertaining to the detailed operation of 
the road are delegated to a Board of Control, consisting of two 
members, one appointed by the company and one by the city, 
each of equal authority, and in case of dispute, provision is made 
for the selection of an arbitrator. 

3. Whatever mortgages are placed upon the property must 
be drawn up in a manner satisfactory to the city counselor and 
approved by him їп writing. | 

4. An independent audit shall be made annually by the city 
comptroller of all books, vouchers and expenditures of the 
company. 


То be presented at the 314th Meeting of the American 
Institute of Electrical Engineers, St. Louis, Mo., 
October 20, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE UNSYMMETRICAL HYSTERESIS LOOP 


BY JOHN D. BALL 


ABSTRACT OF PAPER 


The paper gives results and analyses of tests to determine 
losses in hysteresis loops wherein the magnetism is carried 
through cycles in which limiting values of flux are different in 
amount or the mean values of flux differ from zero. 

_ Such variations of magnetism occur in inductor generators, 
in teeth of induction machines and in materials magnetized 
from rectifier circuits, etc. 

The author finds that: 

1. The losses in unsymmetrical loops are greater than in 
ре loops of the same difference of limiting values of 

их. 

2. For loops of the same difference of limiting values of flux, 
the losses increase as a definite power of the mean flux density. 

3. The increased loss as a power of the mean density 1s the 
Same for any range of loops or difference of limiting flux values. 

4. With any given value of mean density, the increased 
losses with increased range increases as definite power of the 
Tange irrespective of the mean value of density selected. 

The author covers these points in an equation to express the 
loss in any loop. The general equation is: 


h = (з +a Вт») Bz 


Wherein я and x are the constants of the Steinmetz law, а іѕ а 
coefficient depending upon the material, and y a power of the 
mean density. The present tests satisfied the equation in the 


form: 
h = (9 + a Ва) В!“ 


HE ENERGY dissipated in magnetic materials as the result 
of hysteresis isa matter of considerable importance, as is 
evidenced by the many investigations that have been conducted 
to determine the laws and by the large amount of literature that 
has been published on the subject. | 
Among the most important contributions are those covering 
the investigations of Ewing, and the classic papers of Dr. 
С.Р. Steinmetz which were presented to the A. I. Е. Е. in 1892 
and 1893. In these papers the discovery of the well known 1.6 
law was announced; this law expressing the hysteresis loss in 


Manuscript of this paper was received April 8, 1915. 
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ergs per cm? as у Br’, where В is the flux density in gausses, and 
7 a numerical coefficient depending upon the material.! 

Since this law was discovered many new data have been ob- 
tained upon additional varieties of materials, and after being 
subjected to many kinds of heat treatments; tests have also 
been made at temperatures ranging from that of liquid air to 
those high temperatures where the materials become non- 
magnetic. 

While some misunderstandings have naturally arisen as to 
the interpretation of the law, and tests on hetrogeneous materials 
have indicated deviations therefrom, the additional evidence has 
served to strengthen the confidence in its correctness. 

Shortly after the announcement of the 1.6 law the statement 
was made that ‘the energy dissipated by hysteresis depends 
only upon the difference of the limiting values of magnetic 
induction, between which the magnetic cycle is performed, but 
not upon their absolute values, so that the energy dissipated by 
hysteresis is the same as long as the amplitude of the magnetic 
cycle is the same.’’ This has been written as 


{B= By" 
h= (5 


where В, and В. are the values between which the magnetism 
varies. Tests were made which apparently justified and sub- 
stantiated this statement,’ and the results were published. 

In these tests the range of flux values were comparatively 
small as compared with the range of values of the mean induc- 
tions, and the materials employed were magnetically hard and 
characterized by high hysteresis loss. 

Since the publication of the results of these tests, engineering 
materials have been improved and new heat treatments have 
changed or modified the characteristics of the materials; also, 
testing instruments and methods have greatly advanced, thus 
permitting wider ranges of research and closer precision. Among 
the newer phenomena, it has been observed that when materials 
are taken through unsymmetrical hysteresis cycles, there 1s, 
contrary to earlier writers, apparently more energy dissipated 
than when taken through the symmetrical loop of the same 
amplitude. By an unsymmetrical loop is meant the hysteresis 

1. "On the Law of Hysteresis,” C. P. Steinmetz, Trans. A. I. E. E. 


Vol. IX, 1892, pp. 3-51, pp. 621-729; Vol. XI, 1894, pp. 570-608. 
2. TRANS. А. I. E. E. Vol. ІХ--1892, p-633. 
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loop obtained when the magnetism is carried through a cycle 
in which the limiting values of Нах,аге different in amount, ог, 
in other words, in which the mean valve of the flux differs from 
zero. The recent statements then, are to the effect that when 
В: 15 different in amount from В), the loss is greater than when 
B, = — B,. 

Neglecting the test results, a study of the considerations in- 
volved leads to no logical conclusion that the unsymmetrical 
loop should have the same area as the symmetrical. If the 
maximum of the unsymmetrical loop lies on the normal induc- 
tion curve, the path from maximum to minimum induction 1s the 
same as that of the symmetrical loop of this maximum induction 
and is not governed by the range of the unsymmetrical loop. 
Returning from the minimum to the maximum induction, the 
path produces the exclusive features of the unsymmetrical loop. 

Some investigations have been made and the results published 
by M. Rosenbaum? and Dr. F. Holm.* Both investigations 
led to the conclusion that the hysteresis loss 1s greater for the 
unsymmetrical loops than for the symmetrical loops of the 
same amplitude. 

The object of this paper 1s to give the results of the author's 
investigations of unsymmetrical hysteresis loops. 

The tests led to these interesting deductions: 

1. The hysteresis loss in an unsymmetrical loop is greater 
than the loss in a symmetrical loop of the same difference of 
limiting values of flux. 

2. Within the limits of the tests, the losses of loops having 
the same difference of limiting values of flux were found to 
increase with a definite power of the average or mean flux density. 

3. The increase loss as a definite power of the mean flux density 
was found to be, the same for any difference of limiting flux 
values or range of the loops. 

4. With any given value of mean density the increased losses 
with increased range was found to increase as a definite power 
of the range irrespective of the mean value of density. 

The study of such loops is of importance in several respects, 
such as: 

А contribution for the better understanding of magnetic 
phenomena. 

In order to calculate correctly the loss to be expected 
where the magnetism so varies. 


3. Jour. I. E. E. Vol. 48, 1912, pp. 534-545. 
4. Zeit. Des Ver. Deut. Ing., Vol. 56, 1912, pp. 1746-1751. 


— 


2278 BALL: HYSTERESIS [Oct. 20 


Such a variation of magnetism occurs in many places, such as 
in an inductor generator, etc. The same phenomena occur in 
the field cores of machines where the rate of flux change 1s so 
small that the loss is not a consideration. However, in these 
cases the shapes of the loops are of value in determining 
the regulation of machines in which the magnetic cycle of the 
field cores is a determining factor. In these cases the irregular 
changes of field current may produce innumerable hysteresis 
cycles, the loops of which vary within the envelope, which is 
approximately the loop obtained between the limits of maximum 
field density and the residual flux from such a maximum.  (As- 
suming no reversal of current in the field). | 

The unsymmetrical hysteresis loop is also in evidence in all 
material magnetized by current from a rectifier, etc.; in short, 
in all circuits where alternating current and direct current are 
superimposed. А specific case of interest 1s the well known fact 
that core losses of certain machines have been found to exceed 
calculated values, unless percentages are added. The fact 
that high-frequency flux ripples in the teeth give a higher hys- 
teresis loss than the same flux change with zero as a mean 
value of induction, would in part account for this additional 
loss. This is especially noticable in the case of induction ma- 
chines. 

The materials tested were: 

1. High silicon steel (approx. 3.5 per cent Si.) 


2. Medium silicon steel (approx. 2.5 per cent Si.) 
3. “Standard " or low carbon steel. 


In the first series of tests the high silicon and medium silicon 
steels were tested between the following values of induction: 


TABLE I. 
RANGES OF TESTS 1ST SERIES 


Max. B Min. B Mean Вт 
-- 2.000 —2000 0 
-- 4.000 0 +2.000 
6.000 +2000 4,000 
8,000 4000 6,000 
10,000 6000 8.000 


12,000 8000 10,000 
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It will be noted that the change of flux in each case is 4000 
gausses, which for the symmetrical loop corresponds to the cycle 
of + B (max.) = 2000. 

In the second series of tests the same values of mean density 
were used, but the ranges were extended to include not only 
+ 2000 to — 2000, or a total change of flux of 4000 gausses, 
but also ranges of 500, 1000 and 1500; that is to say, tests were 
made between the same values of induction as for the first series, 
and also between the following values: 


TABLE II. 
ADDITIONAL RANGES ОР TESTS 2ND SERIES. 


50010 — 500 | + 1,000 to — 1000 + 1,500 to — 1500 


2.500 to + 1500 | + 3.000 to + 1000 + 3,500 to + 500 
4,500 to + 3500 | + 5,000 to + 3000 + 5,500to + 2500 


+++ 


6,500 to + 5500 | + 7,000 + 5000 + 7,500 to + 4500 
+ 8,500 to +7500 | + 9,000to + 7000 + 9,500 to + 6500 
+ 10,500 to +9500 | + 11,000 to + 9000 + 11,500 to + 8500 


These tests were made with medium silicon steel and with 
standard steel. " 

The samples tested were built of ring punchings of the following 
dimensions: 

Outer diameter 24 cm. (9.45 in.) 

Inner diameter 16 cm. (6.3 in.) 

Mean length magnetic circuit 62.83 cm. (24.7 in.) 

Thickness of sheets 0.035 cm. (0.014 in.) 

Approximate weight of samples 2 kg. (4.4 lb.) 

Each sample was wound with two magnetizing windings and 
an exploring coil consisting of two unequal sections in series for 
high and low sensibility. The values of magnetizing current 
were obtained by carefully calibrated ammeters and the flux 
changes were noted by means of a ballistic galvanometer. 

The testing involved some difficulties in manipulation be- 
Cause of the requirement that the B limits must be fixed and the 
corresponding H values measured. This is the opposite 
from the ordinary procedure. Means for accomplishing the 
desired results were suggested and satisfactorily carried out by 
Mr. S. L. Gokhale, who made the tests. 

The normal magnetization, or B-H curve was first determined. 
This curve is the locus of the peaks of the symmetrical, or 
regular hysteresis loops, and is also the locus of the upper peaks, 
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or maximum flux values of the unsymmetrical loops as they were 
taken. Currents were passed through the two magnetizing coils 
in such amounts that their sum when boosting would give the 
H necessary for the maximum B (found from the normal curve), 
and when opposed, would give the flux density which was the 
minimum desired. This was found by reversing the current in 
one winding and obtaining the value required for the desired 
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Fic. 1—UNSYMMETRICAL HYSTERESIS Loop—B + 6000 то B + 
2000 то В + 6000 
High Silicon Steel. Area АА’ВА = 1762.5 B H units. Area АА’СА = 1783.3 B H 
units, or Loss = 140 ergs рег cm. per cycle. 


flux change. Points between maximum and minimum were 
obtained by holding current in one winding and varying the 
current in the other by successive steps throughout a complete 
cycle and noting the corresponding flux changes. One difficulty 
that was noted was due to the fact that upon completing a cycle 
the loop did not close; that is, the final induction in the steel 
was less than the initial, which was to be expected. Several 
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successive reversals, or unsymmetrical cycles, failed to remedy 
the discrepancy, as the limiting values of B were shifted thereby. 
It was decided that the first loop determined was in each case 
the correct one to use. Two extreme methods of determining 
the area of this loop were employed; first, ignoring the upper 
part of the ascending path and estimating the path which would 
close the loop, that is, drawing the dotted line from B to 4 as 
shown in Fig. 1, which figure shows a typical loop, in which the 
above discrepancy is most noticeable; second, completing the 
loop by drawing the vertical line C A. This was the method 
adopted. For the loop shown in the figure, the areas in B-H 
units are as follows: 

lst method, area = 1762.5 

2nd “ “ = 1782.3 


Difference 20. 
or a trifle over 1 per cent. This difference is practically 
negligible. 
The loops having been drawn and the areas integrated by the 
method outlined above, the hysteresis losses were calculated. 
For the first series of tests the results were as shown in Table III. 


TABLE III. 
TOTAL FLUX DENSITY CHANGE = 4000 GAUSSES 
CORRESPONDING TO SYMMETRICAL Loops B (мАХ.) = 2000 


High silicon steel Medium silicon steel 


Mean B Hyst. ergs рег cy. Ratio to Hyst. ergs percy. | Ratio to 
per cm? sym. loop per cm? | sym. loop 
EE Y. oco EE RS 
Р 0 110.7 1.00 201.0 1.00 
cae 120.0 1.08 214.0 1.06 
‚000 140.0 1.26 242.1 1.20 
a 175.3 1.58 295.5 | 1.47 
000 242.0 2.18 365.5 | 1.77 
2.45 


10,000 353.2 3.29 392.5 | 


i - - — m — — м — 


ANALYSIS OF RESULTS OF FinsT TESTS 


Various curves were plotted and analyses made to determine 
the nature of the above mentioned increased losses. An effort 
to evaluate this increased loss as a function of the maximum 
“animum density, gave no promise. It was found, however, 
um а variety of combinations gave smooth curves. Taking 

€ log of mean density B4, and plotting it with the log of A loss 
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(which loss if the difference between those of the unsymmetrical 
cycles and of the symmetrical cycles of the same amplitude), 
gives us a nearly straight line. In the case of the high silicon 
steel we find that plotting log B, and log (А loss — 4) gives more 
nearly a straight line, the slope of which is 2.3. Considering the 
slope of the first line to be the same, we may say that the loss 
in the unsymmctrical cycle is the sum of the loss of the symmetri- 
cal cycle plus a coefficient, multiplied by the mean density 
raised to the 2.3 power, or as an equation for this particular 
case, the hysteresis 


M = B + a Вз (1) 


Solving for а, we obtain 0.00000013. Тһе error of this equation 
at one point shows 10 per cent from the observed value, and 
for the other four points the error is small. 


TABLE IV. 
HIGH SILICON STEEL. 
UNSYMMETRICAL HYSTERESIS Loops. Тота Frvx DENSITY CHANGE ОҒ В = 4000. 


Mean Hyst. loss A^ Log. Log. Log. Hyst. by| Dif. in 
Bm ergs per cn? loss mean B А loss. (A loss —4) equa. | percent 
10,000 353.2 242. 4.000 2.384 2 377 316. —10.5 
8,000 242. 131. 3.903 2.117 2.104 234. — 3.3 
6,000 175.3 65. 3.778 1.813 1.785 174.4 + 0.5 
4,000 140. 29.3 3.602 1.467 1.403 135.8 — 2.8 
2,000 120. 9.3 3.301 0.969 0.724 116.8 — 2.5 
0 110.7 0 
TABLE V 


MEDIUM SILICON STEEL 
UNSYMMETRICAL Hysteresis Loops. Totat Frux Density CHANGE OF В = 4000 


Mean Hyst. loss A Log. Log. Hyst. by Diff. in 

Bm ergs per cm? loss mean Вт А loss equation per cent 
10,000 492.5 291.5 4.000 2.465 501 +1.6 
8,000 365.5 164.5 3.903 2.216 381 +4.1 
6,000 295.5 94.5 3.778 1.975 294 —0.5 
4,000 242.1 41.1 3.602 1.614 238 -1.7 
2,000 214.0 13 3.301 1.114 208 —2.8 
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The various values for high silicon steel referred to above are 
tabulated in Table IV, the curves showing the relation of the 
log A loss and the log B,, being shown in Fig. 2. 

A similar analysis of medium silicon steel gives a straight 
line when log B, is plotted against the log of the A loss. These 
tabulations are shown in Table V. We here find that the slope 
of the log curve for the power of B, to be 0.0000011. Sub- 
stituting these values in the equation we find calculated losses 
to give a maximum error of — 3.3 per cent. Assuming that the 
hysteresis loss is the same in unsymmetrical cycles as in the cor- 
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responding symmetrical, we have in this case a maximum error 
of 145 per cent. Assuming the power to be 2.3 (to agree with 
the high silicon steel), we find œ = 0.00000019, or about 50 
рег cent higher than for high silicon steel, which is on the same 
order of increase as is found for 7 in the equation of the 
Symmetrical loops. Values obtained from using y=2.3 and 
@=0. 19 gives us а maximum variation from test results 
of 4 per cent, as seen in the table. 

These results therefore indicate that the increase of hysteresis 
with the mean density is as a power of this density. Rosenbaum 
found for опе case that the increased loss as a function of the 
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difference of maximum and minimum induction (which 1$ the 
same in amount as B,,), was parabolic. The results of Dr. F. 
Holm, in his article previously referred to, are given in Table 
VI. In this case, the symmetrical loop for B (max.) 1s 1400. 
The log B4 — log A loss curve is also shown in Fig. 2. 


TABLE VI 
UNSYMMETRICAL HYSTERESIS LOOPS 
Tota, Ғіл:х DeENsiTY CHANGE OF В = 2800. 

(From results by Dr. Holm). 


Mean Hyst. loss A^ log Log 
Bg ergs per ст.3 loss Bm A loss 
14,000 890 685 4.146 2.836 
13,300 700 495 4.124 2.695 
12,100 598 393 4.083 2.594 
11,400 495 290 4.057 2.462 
10,400 417 212 4.017 2.326 
9,230 399 194 3.965 2.288 
7,430 314 109 3.871 2.037, 
0 205 0 


The first five values Пе оп a line, the slope of which 15 3.6; 
the last two values lie on a line whose slope 1$ 2.7. The break 
between the lines is not accounted for and analysis of the results 
indicate many inconsistencies. 


Test RESULTS OF SECOND SERIES 


The first tests indicated that the increase of hysteresis loss 
in the unsymmetrical loop may follow a parabolic equation, the 
total amplitude of the loops being constant. Itis therefore in- 
teresting to find whether this holds for sets of loops of various 
amplitudes, and it 1$ also desirable to study the increase of hys- 
teresis loss with increase of amplitude of the loops from the 
same mean density value, when this valve is other than zero. 
When the mean density is zero, the loops are symmetrical and 
the increased loss 1s covered by the Steinmetz law. For the 
second series the ranges of test values are given in Tables I and II. 
The method of test 1s the same as that used for the first series. 
The results of the tests are given in Table VII. 

Assuming the hysteresis loss of the unsymmetrical loops to 
be the same as that for the corresponding symmetrical loops, 
we are in error by the amounts given in Table VIII. A study 
of this table shows the interesting fact that for all ampli- 
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tudes of the loops, the increased loss with increased mean density 
15 in apbroximale'y the same ratio. 


TABLE VII 
HYSTERESIS LOSS IN ERGS PER CM? IN UNSYMMETRICAL LOOPS CORRES- 
PONDING TO SYMMETRICAL LOOPS OF THE RANGES INDICATED 
OBSERVED VALUES 


Medium Silicon Steel Hysteresis Loss 


Вт Range 2000 Range 1500 Range 1000 Range 500 


10,000 492.5 310 154 46.3 

8.000 365.5 229 113 33.0 

6,000 295.5 183 92.4 26.6 

4,000 7 242.1 153 79.0 22.6 

2,000 214 137 70.2 20.1 , 
0 201.0 127 65.6 18.7 


Standard Steel 


10,000 451.0 294.5 159.5 47.0 

8.000 362.0 242.0 123.7 35.4 

6,000 300.5 193.5 98.5 28.9 

4,000 254.5 158.6 80.0 22.9 

2,000 227.8 141 71.1 20.6 

0 211.0 128.1 63.9 18.3 
TABLE VIII 


ERRORS FROM TEST RESULTS OF TABLE VII, ASSUMING UNSYMMETRI- 
CAL CYCLES, HAVING SAME LOSS AS THE SYMMETRICAL CYCLES 


Medium Silicon Steel Percent Errors 


Вт Range 2000 Range 1500 Range 1000 Range 500 
ЗН Wee atit eee Табын d PER 

10,000 + 145 + 144 + 135 

8,000 77 80 72 

6,000 47 44 41 

4.000 20 20 2] 

2,000 6.5 8 

Standard Steel 

10,000 114 130 150 159 

8,000 71 89 93.5 93 

6,000 | 42 51 54 58 

4,000 21 94 , 26 25 

2,000 8 10 11 13 


S E ok ee - ПИ ВИНЕ 


То show all of the loops as they were drawn for analysis 
would unnecessarily burden this paper. A reasonable idea of 
their shapes and areas may be had, however, from condensing 
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Fic. 3—GROUP OF АН HYSTERESIS Loops— MEDIUM 
SILICON STEEL 
Loops of amplitude B = + 2000 with various values of Вт. 
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Fic. 4—GROUP OF ETT HYSTERESIS Looprs— MEDIUM 
SILICON STEEL 
Loops of amplitude B = + 1500 with various values of Вт. 
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ANALYSIS OF TESTS—SECOND SERIES 


In the analysis of these results two questions were considered, 
VIZ: 

1. The amount or nature of the increase in hysteresis loss with 
increase of mean density, for loops of constant amplitude. 

2. The amount or nature of the increase in hysteresis loss with 
increased amplitude at the same mean densities. 

Considering the first analysis, results from the first tests and 
the deduction of Rosenbaum are confirmed. The increase in 
loss of Вт 1s practically parabolic, which fact we find by plotting 
the log of A losses and В, which are given in Table IX and 
plotted in Figs. 7 and 8. 


TABLE IX 
LOG OF RESULTS FROM TABLE VII. 


Medium Silicon Steel 


Range 2000 Range 1500 Range 1000 Range 500 
|» | Lo | | Le |  , Leg | | Log 

Log А А А А А А А А 

Вт Вт loss loss loss loss loss loss loss loss 
10,000| 4.000 | 291.5 2.465 183 2.263 88.4 1.947 27.6 1.441 
8.000] 3.903 | 164.5 2.216 102 2.009 47.4 1.676 14.3 1.155 
6,000] 3.778 94.5 1.975 56 1.748 26.8 1.428 7.9 0.898 


4.000| 3.602 41.1 1.614 26 1.415 13.4 1.127 3.9 0.591 
20,000! 3.301 13 1.114 10 1.000 4.6 0.663 1.4 0.146 


Standard Steel 


10.000 240.0 2.380 | 166.4 2.221 95.6 1.981 28.7 1.458 
8.000 151.0 2.179 | 113.9 2.057 59 .8 1.777 17.1 1.223 
6.000 89.5 1.952 65.4 1.816 34.6 1.539 10.6 1.025 
4,000 43.5 1.639 30.5 1.484 16.3 1.211 4.6 0.663 
20,000 16.8 1.225 12.9 1.111 4:22 0.857 2.3 0.362 


In the case of the standard steel we notice that the lowest 
points depart from the straight lines. The other four points 
were therefore taken to find the slope. Іп the case of the medium 
silicon stecl, the top as well as the bottom points show some slight 
deviations, but not sufficient to materially change the slope. 
The center three points were therefore taken as the values which 
would be the most nearly accurate. The slopes as found are 
given in Table X. 

It seems, therefore, that for given amplitude the hysteresis 
loss is increased by the 1.9 power of the mean densities. 

The second part of the analysis, as stated before, was made to 
determine the increase and nature of the hysteresis loss with the 
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increase in amplitude. From the results in Table VII, we find 
that for standard steel, the hysteresis exponent is apparently 
1.75. It is to be expected that this exponent would be greater 
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Fic. 7—Loc Вт vs. Loc д HYSTERESIS CURVES FOR VARIOUS AM- 
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Fic. 8—Loc Bm vs. Loc д HYSTERESIS CURVES FOR VARIOUS AM- 
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than 1.6, as the loops are of small magnitudes, and, as has been 
Shown by Steinmetz, at low densities the hysteresis exponent 
deviates from 1.6 and approaches 2. Plotting the points as 
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given in Fig. 10 shows that not only the increased loss with the 
increased B (max.) is parabolic when referred to zero as mean density 
but that it 4s also parabolic when referred to any mean value of 
induction other than zero, and that the power remains practically 
the same. 


TABLE X 
SLOPES OF LOG A LOSS—LOG Вт CURVES FOR VARIOUS VALUES OF В. 


Range Slope 
B (max) м 
$44. steel Medium silicon steel 
3 points 4 points 
2000 1.85 1.98 2.09 
1500 1.87 2.00 2.12 
1000 1.93 1.87 2 04 
500 1.73 1.93 2.12 
Average 1.85 1.95 2.09 
1.9 | 


Fig. 9 shows the same relationship for medium silicon steel. 
The slopes of these curves are tabulated in Table XI. 

A group of typical unsymmetrical loops about а common 
value of B, is shown in Fig. 11. 


TABLE XI 
SLOPES OF LOG LOSS— LOG B CURVES AT VARIOUS VALUES OF Bm 
‘ Slope 
Bm Medium silicon 
steel Std. steel 

10,000 1.71 1.60 
8,000 174 1 67 
6,000 1.73 1.67 
4.000 1.69 1.72 
2,000 1 69 1.72 
0 1.69 1.75 
Average 1.71 1.69 


While the exponent 1.7 is consistent for these low values of B 
for general purposes although at the expense of slight increase 11 
the average of errors it would undoubtedly be more consistent 
to consider the exponent as 1.6 when solving for 9, thereby 
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having 7 on the same basis as is used for higher inductance in 
the well known law. 

Having now found the loss in the unsymmetrical loop to in- 
crease as the power of Bm, it would be better to disregard the 
formula (1) as previously given, and consider an equation in 
which 7 represents the value for the symmetrical loop, and ex- 
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Вт = 6000--Мешом SILICON STEEL 


press the increased loss as an increase of у. For a general case 
we may write the loss in the loop as 


= (n + a Bw’ )В* (2) 


For the symmetrical loop В„ becomes О, and the equation 
h = т В”. Letting x = 1.6 and as we find y = 1.9 we may write 


= ty eee) Bet (3) 


Solving the equation for the term (y + а Bm’) gives from 
these tests such as shown in Table XII. 
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TABLE XII. 
VALUES OF (уфа Bm”) IN EQUATION (2) 
(Values multiplied by 10%) 


Medium Silicon Steel 


Se — — ——————————— ———————— —————————— CF НО 


Range Range Range Range Range Symmetrical 
B 10,000 8000 6000 4000 2000 Loop 
2000 2.57 1.91 1.54 1.27 1.12 1.05 
1500 2.57 1.90 1.52 1.27 1.14 1.05 
1000 2.44 1.79 1.46 1.25 1.11 1.04 
500 2.23 1.59 1.28 1.09 0.97 0.90 
Avg. lst 31 2.53 187 1.51 1.26 1.12 1.05 
Standard Steel 
2000 1.57 1.34 1.19 1.10 
1500 1.60 1.34 1.17 1.06 
1000 1.56 1.27 1.13 1.01 
500 1.39 1.10 0.99 0.88 
Avg. 1st 3 1.58 1.30 1.16 1.06 


Taking average values of » from those of the symmetrical 
loops, we find values of о B," to be as given in Table XIII. 
Prom these values we find y — 1.9 with much more certainty 
than for individual results. 


TABLE XIII. 
VALUES OF (a Вт”) IN EQUATION (2) 
(Values multiplied by 103.) 


Medium silicon Standard 


Bm steel steel 

10,000 1.48 1.38 

8,000 0.82 0.89 

` 6,000 0.46 0.52 
4,000 0.21 0.24 

2,000 0.07 0.10 


Table XVI gives average values of a. 


TABLE XIV. 
VALUES OF « IN EQUATION (2) 
Values (multiplied by 1010) 


Medium silicon Standard 


Bm steel steel 
10,000 0.362 0.347 
8,000 0.314 0.341 
6,000 0.304 0.344 
4,000 0.301 0.344 - 
2,000 0.374 0.535 
Avg. lst 4 0.320 0.344 
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From the above evaluations we find: 
For medium silicon steel: 


й = (105 Хх 10 + 0.320 X 10-" B" В (4) 
For standard steel: 
h =. (1:06. X 10* -- 0.244 9€ Б ЕР (5) 


A loop taken at В = 10,000 for the medium silicon steel veri- 
fied the value for n of 1.05. 

Calculating the hysteresis losses from equations (4) and (5). 
we obtain the results given in Table XV. 


TABLE XV. 
HYSTERESIS LOSSIN ERGS PER CM? IN UNSYMMETRICAL LOOPS CORRES- 
PONDING TO SYMMETRICAL LOOPS OF THE RANGES INDICATED. 
CALCULATED VALUES. 


Meduim Silicon Steel 


Hysteresis 
Bm Range 2000 Range 1500 Range 1000 Range 500 
10,000 445 282 147 48.5 
8,000 361 229 119 39.4 
6,000 292 185 96.6 31.8 
4.000 242 154 80.1 26.4 
2,000 212 134 70.1 23.1 
0 201 127 66.3 21.8 
Standard Steel 

10,000 464 294 153 ^ 50.5 
8,000 372 236 123 40.6 
6,000 302 191 99.7 32.9 
4,000 248 157 82 27.0 
2,000 216 137 71.3 23.5 
0 202 128 66.9 22.0 


Comparing the results in this table with those of Table УП, 
we find the errors to be as given in Table XVI. The greatest 
errors are found to be for the case of the loops of the range 500. 

A glance will readily show that the large errors are not caused 
by assuming 1.9 as the power of Bm, but by assuming 1.6 as 
the power of B for these low values. Subtracting the errors of 
the symmetrical loop from those of the unsymmetrical loops of 
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These values 


Considering these last 


we find the maximum error in the Table to be —12 per 


the range 500, we find the errors to be much less. 


are also tabulated in Table XVI. 


values 


Disregarding the loops of the range 500, and the loops 


cent 
with B 
results 


in 


hich the flux in the steel scale influences 


in w 


, 


000 


we find a maximum error 


the Table to be 5.3 per cent. 


: TABLE XVI. 
ERRORS OF RESULTS CALCULATED FROM EQUATIONS (4) & (5, FROM 


TESTS RESULTS OF TABLE VII. 


Avg. 


Range 500 


Medium Silicon Steel 
Per Cent Error 


Error 


Range 


1500 


+ 
- 
» 


A Error 


ы 
о 
Е 
m 


-0.9 


Standard Steel 


-éa roe 


= 


Avg. 


6: Тф, 

Т ране ее. 
ң «е; млее PUD „„ 
ELSE] 4 


y 


= 


Avg. of all 


When comparin 


sis 


* 4 
4». 


g the errors with those of Table VIII, it is con- 


tent to take th 


e results in column marked A error for the range 


; for when Table VIII was calculated the results for 


500 loops 


th 


- +. 8 


. > % . 
в “~ P "ру" РРР =“ 
————— — ——— S а 


op were measured instead of being calculated 
independent of any errors in the 1.6 law. 


x n 
Sis 
— чо 

02 — 
§ & 
me 2 
uw 
PE 
Fes 
B O ы 
> B. g 
E 
о 9 "ў 

з = 


` yw E 
oy 


ts entirety, we find that the equations enable 


us to calculate hysteresis 1 


osses in unsymmetrical loops with 


. 
mms. 


eq Jg. 
ернек жайы ei ar: 
See 
ж 


кені - — TES ед 


" 


Digitized by 


2296 BALL: HYSTERESIS [Oct. 20 


errors ranging from 0 to 12 per cent, instead of from 7 to 160 per 
cent as with the old method. 


DISCUSSION OF TEST RESULTS 


The author fully appreciates the fact that to substantiate the 
validity of equation (2) as a law, and more especially the con- 
stants in equations (3), (4) and (6), would require much more 
data than are likely to be available except as the result of the 
natural accumulation of many tests from various sources, or of 
an investigation involving much time and expense. 

Bearing on the tests herein cited were some variables which, 
while they were not incorporated into the present calculations, 
were not unappreciated. For instance, the steel tested had ap- 
proximately 10 per cent of scale and in consequence, at induc- 
tions of В = 10,000 and above, the apparent value of n of the 
symmetrical loop was increased by the flux in the scale. This 
fact has been advanced to account for the apparent increase of 
losses in symmetrical loops at high densities, above that found 
by the Steinmetz law. At such a range of inductions as, for 
example, В = 12,000, to В = 8000 and return to В = 12,000, 
the flux distribution between the steel and the scale must of 
necessity vary to a considerable extent, and since the coefficient 
for scale is much higher than that for steel, this fact must affect 
the losses. Another variable lies in the fact that 1.6 is not an 
accurate value for x at low inductions, as Dr. Steinmetz has 
himself shown in his original paper '' On the Hysteresis Law.” 

No effort was made to determine the core loss when alterna- 
ting current is superimposed on direct current, owing to the fact 
that eddy currents are induced currents due to a voltage whose 
value depends on the amount and rate of flux change, and in 
consequence would be independent of the fact that the loop 
was symmetrical or unsvmmetrical. Any variation in the eddy 
current due to the flux distribution, which would be slightly 
changed in the unsymmetrical loops, would probably be small. 

The wave shapes of the magnetizing current may readily be 
found from the unsymmetrical loop. It is easily seen that the 
two sides of the wave would be different in shape, one side 
being considerably more peaked than the other. 

Analyses were made to connect the nature or the increasé 
of loss with the mean value of H, maximum value of H etc., 
but no significant connection was found. 

B (тах) — B (min) 


The average В was also considered, not as 2 ; 
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but as the density which would be at the center of gravity of 
the loops. Analyses showed that these results gave but little 
variation from those cited in this paper. 

Some work was done to measure the losses with the dyna- 
mometer wattmeter, producing the cycles by an alternating- 
current superimposed on direct-current. These tests were un- 
fortunately abandoned before any definite results were obtained, 
owing to the other necessities. 

An attempt to form a quadratic equation for these loops, 
comparable with the quadratic equation which has often been 
suggested for the symmetrical loops, gave no better results 
than the equation herein cited. 

It was rather unfortunate that the samples of standard steel 
and the medium silicon steel should give results so nearly alike. 
This has often been found to be the case with the test results 
at low densities, the lower losses for silicon steel appearing at 
moderate and high inductions. The identity of the material 
and the results of many loops have been carefully verified since 
the original results were tabulated. The difference in losses 
between the two grades for a number of samples would beyond 
doubt show greater difference than that given by the samples 
tested. 

In the investigation of unsymmetrical loops, two extensions 
would be of interest. Large loops with large displacements 
are difficult to obtain, due to the high magnetizing currents 
required; large loops with small displacements would be of 
considerable interest and value. 

There is an infinite number of loops which may be repro- 
duced, in which neither the maximum nor minimum points lie 
on the normal induction curve. This field has, to the author’s 
knowledge, never been investigated. 

In conclusion the author desires to acknowledge the kindness 
of Dr. C. P. Steinmetz for valuable suggestions during the 
progress of the investigation and іп the review.ng of this paper. 
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THE COMBINED OPERATION OF STEAM AND | 
HYDRAULIC POWER IN THE PENNSYLVANIA WATER 
AND POWER COMPANY SYSTEM 


BY JOHN ABBET WALLS 


ABSTRACT OF PAPER 


The paper relates the experience of a large hydroelectric 
development on an erratic river, in endeavoring to accom- 
plish most effective combined steam and hydroelectric opera- 
tion, indicating that a river may be developed to an extent many 
times its low water flow where there is extended cooperation 
between customer and power company in determining, by 
experimenting, the economy of further supply of hydroelectric 
power. А plea is made for drawing up power contracts in a 
fashion to encourage effective combined operation of hydro- 
electric plant with customer's existing steam equipment. 


O SECURE the most effective combined operation of 
steam and hydraulic power is a problem that has engaged 

for the past few years the serious attention of the Pennsylvania 
Water & Power Company. This company hasbuilt a hydroelectric 
plant at Holtwood, Pa. on the Susquehanna River only 25 miles 


from its mouth. This station has, at present, a capacity of 83,000. 


kw. The river flow fluctuates in erratic fashion, being subject 
to sudden and unseasonable variations from one-eighth of that 
required for full power house output to a maximum flood of 250 
times the low flow. Fig. 1 shows the daily discharge of the river 
at the power development over a year period, and indicates the 
lack of dependable regularity in flow. 

_ Rather than incur investment charges on equipment installed 
11 advance of the time of there being load sufficient to justify 
its use, the hydraulic plant was so laid out as to permit of ex- 
tensions being added on the unit plan as they were required 
and the problem has been to determine, from estimated load 
growths and from the hydraulic and power contract conditions, 
the proper division of load between steam plants and hy- 
draulic station, and the resulting advisability of additions re- 
spectively either to hydraulic or steam equipment. By appro- 
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priate conduct of its operation the company has felt itself 
warranted іп adding to the hydraulic installation from time to 


“БР 


9 м 


time and in utilizing more and more of the possibilities of the 
river, until now the installed capacity is eight times the low water 


Taking up the question of how such full utilization of an er- 
ratic river has been brought about it must be noted, first, that 


flow. 


the power company though not itself owning any steam equip- 


ment has yet been able to make appropriate arrangements with 
its customers, who possessed steam plants of more or less modern- 


ity at the time the contracts for the supply of hydroelectric 
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The power customers are few in num- 


power were entered into. 


The various contracts 


ber and are large electric railway and distributing companies, 
so that the hydraulic company may be considered as practically 


a wholesaler of hydroelectric energy. 


for power differ considerably from each other in their essentials; 


hence, there might be said to have been obtained for the power 
company the benefits of a diversity factor from the power 


contracts themselves, as well as from the power loads. 


btained from comparing the workings of 


епепсе o 


The exp 
these different types of contracts was of benefit when it came 


to provide for the sale of additional hydraulic power to the 
customers, for in the beginning, a natural distrust of the relia- 
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bility of hydraulic power manifested itself in provisions which 
contemplated substantial steam standby and steam generation. 

During the period of tuning up a new hydraulic installation, 
which period may be more or less extended, such precautions 
are quite justified. Gradually, however, as the hydroelectric 
service improved, or as the customers gained confidence in the re- 
liability of such service, the maintenance of extended steam stand- 
by conditions with banked boilers and heavy operating force, 
and generation by steam, became less and less necessary. Without 
going into details, as it is a rather voluminous subject in itself 
it may be sufficient to say that by continuous experimenting, 


Capacity of Hydro Statign with one Generating Un 
ree БҮЛЕ 
| EN. 


f Customers A & B in January 
-— = — —— 4 — 
ГД 


KILOWATTS 


MIONIGHT NOON MIONIGHT 


test runs, surprise drills, improvements in equipment and methods 
of banking boilers, laying fires, retaining heat, etc., the stand-by 
arrangements were made more effective while at the same time 
the stand-by was decreased in cost. 

All this was preparatory to making it possible for the hydro- 
electric company to take up effectively with the customers the 
Question of shifting over onto the hydroelectric plant more and 
More of that power load originally left outside of the power con- 
tracts. | | 

Looking at a sample daily load diagram, Fig. 2, representing 
total customers load, there is a limit, to the amount of load for 
Which the hydroelectric company is justified in installing equip- 
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ment to carry for that particular shape of load curve. This is 
represented by the line marked R. If the hydroelectric com- 
pany installs a unit of additional equipment enabling it to carry 
additional load included between the load line R and a greater 
load line S, then the income from carrying by hydraulic power 
such additional kilowatt-hours must be sufficient to cover the 
interest, depreciation, profit and operating charges on the ad- 
ditional equipment necessary. But the additional kilowatt- 
hours which may be so carried, vary from dav to day with minor 
changes in the shape of the load curve. Then, due to seasonal 
effects on diversity factor, the shape of the load curve changes 
materially, progressively increasing and diminishing the possible 
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Fic. 3 


kilowatt-hours in the load. An example of modification in shape 
of curve of combined loads of two customers, due to seasonal 
changes only, may be noted by comparing Fig. 2, where in 
January there is a high peak in the afternoon, and Fig. 3 where 
only two months later the maximum load comes in the morning. 
Unanticipated industrial conditions affecting the general growth 
of the load would also have their influences. Again, even if the 
load should be actually available in accordance with the number 
of kilowatt-hours estimated, still the river flow necessary to carry 
it may be lacking from time to time, and this must be allowed for. 
Then too, must be determined the saving in steam costs for the 
block of kilowatt-hours, and as this is represented by deducting 
the cost of generating by steam all energy above line S from the 
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cost of generating by steam all energy above line R, and making 
due allowance for difference in stand-by costs resulting there- 
from, it is necessary to make experimental steam runs to obtain 
this data sufficiently accurately, since we are concerned even 
with small differences in cost. 

All this involves fullest cooperation between customer and 
power company in making the test runs, figuring out the costs, 
and making comparisons, before we arrive at a point where the 
operating data showing most effective combined operation are 
ready to be passed upon by those who are to decide as to whether 
the savings or profits involved are worth making. Of course, 
there are many factors entering into such a determination. For 


Steam Load of Station X 


MIDNIGHT NOON MIDNIGHT 
Fic. 4 


€xample: the steam man must decide if he will thereby carry 
some labor which he cannot employ effectively in maintenance 
Work or otherwise, but must have always available and which 
labor, by occasional idleness may deteriorate; and for example, 
the hydraulic man must decide to what extent he can depend 
"pon using his spare equipment to carry occasional kilowatt- 

Ours; hence, it is possible to work out the most effective method 
of combined hydraulic and steam operation only by effective 
Combined efforts of both the steam and hydraulic representatives. 

The above is concerned with generation under good river stage 
Conditions. With low water new conditions arise. Fig. 4 shows 
а case of steam generation by two stations during low water. 
Steam station X ran at high load factor to get economical steam 
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consumption; steam station Y carried its load as a peak during the 
afternoon hours. One would judge the latter form of low load 
factor generation to be inefficient as compared with the run of 
station X. But, as dictating the form of steam load carried, 
other factors may enter, such as the desirability of generating 
during only one shift, loading up to the capacity of only the most 
efficient generating units, assisting on the peak to cut down trans- 
mission line losses, exigencies of load dispatching due to equip- 
ment out of service, etc., and occasionally, contract provisions 
which when enforced prevent most economical combined opera- 
tion. 

In the steam stations themselves, the most efficient apparatus— 
usually that apparatus of largest capacity—is put first into opera- 
tion and if the river flow continues to decrease, then, as is needed 
the less and less efficient equipment. To a certain extent this 
same scheme is carried out in connection with the different steam 
plants. Those steam plants where owing to one condition or 
another the kilowatt-hour cost of steam generation is high are 
brought into operation only after that equipment in the other 
stations, which gives lower kilowatt-hour costs, is fully loaded. 

Ultimately these may become mere matters of load dispatching 
but first they must be worked out from the cost standpoint and 
provided for by contract understandings between customers and 
power company. The possibility of making a fair profit from 
steam generation during low water from otherwise idle steam 
equipment serves as an incentive for the steam man to experi- 
ment with various methods of steam generation in the endeavor 
to reduce his kilowatt-hour cost of generation sufficiently to 
secure in open competition the maximum possible kilowatt- 
hours of load and the maximum total yearly profit therefrom. 
It is almost impossible at the time of drawing up a power contract 
to fix a hard and fast rate for a large and irregular supply of 
steam generated power, for if the price of such power is made 
high enough to cover almost any conceivable condition of steam 
generation which might be called for, then that price is too high 
for effective ordinary use, and naturally the supply will be ob- 
tained from other sources. It is equally difficult in the face of 
changing costs of coal, and labor, of gradual obsolescence of 
installed steam equipment, of improvements in the art of steam 
generation, and of a lack of knowledge of future conditions of 
power supply and demand, to provide rates and delivery specifi- 
cations equitably to apply against future transfer of portions of 


1915] WALLS: HYDROELECTRIC PLANTS 2305 


steam load to the hydroelectric station. Rough figures can be 
estimated, but it is the lack of that exactness fatal to maximum 
efficiency and inherent in such guesses that prevents the getting 
out of the situation all that there is in it both for the customer 
and for the power company. 

Naturally, the contract understandings may play a part in 
determining the hydroelectric plant design. For example; 
when steam is available to carry the tips of the load peaks, the 
additional equipment, as purchased, is designed to carry continu- 
ously the full output of the turbines less allowance for governing, 
instead of being given a peak rating. 

In general the loads of the customers at the time of making the 
power contracts had nearly reached the limits of capacity of the 
customers’ steam plants, but additions have been made since not 
only in hydraulic equipment, but also іп steam equipment. It has 
not been found necessary for the hydroelectric company to have 
a steam plant of its own; rather the idea has been to work out a 
use for the steam plants which the customers possessed at the 
time of making the power contracts, and since the very lowest 
flow in the river does not last for a long time, it is possible to figure 
upon using even very inefficient and out of date steam equipment 
for these short periods, thus making useful, steam equipment 
which otherwise would possibly long ago have been scrapped. 

Where the load is that of a few large customers having already 
a certain amount of steam equipment, and where it is not practi- 
cable to work out a system of combined primary, secondary, and 
surplus power supply of general application to all customers, 
it is believed that by such methods of cooperation between custo- 
mers and power company, there will be permitted the develop- 
ment, on fluctuating rivers, of large water powers now difficult 
to handle financially. | 

Certainly it is felt that in this particular development a still 
further portion of the river flow will be made use of, as the load 
demand grows and provision has been made for additions to the 
present hydraulic installation, awaiting only such load growth for 
the additions to be gone ahead with; and all this has grown out of 
the appreciation by the customers and the power company of 
the advantages of getting together and of each viewing a power 
contract in the light of a business opportunity and not as the 
final word in a power deal. | 

We may look at a power contract somewhat in the light of а 
transmission gear of an automobile, linking together the driving 
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element and the driven wheels. There is a tendency so to look 
to the desirable qualities of a strong and firm connection that one 
is apt to prescribe a bolted coupling rather than that sort of a 
transmission gear, which will allow some little flexibility to meet 
the changed conditions of running with which one necessarily 
meets in practise. It is true that one does not want slackness 
and that one cannot foresee the change and development which 
may take place in operating conditions, nor allow for them specifi- 
cally, but for just this reason it is advisable when drawing up the 
contract to have this in mind and by permitting, encouraging, or 
providing for steps towards more effective combined operation 
make future benefits therefrom not only possible, but highly 
probable. 
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SUPPLEMENTAL POWER FOR HYDROELECTRIC 
SYSTEMS 


BY J. F. VAUGHAN 


ABSTRACT OF PAPER 


The first part of the paper outlines the functions of the 
steam plant furnishing relay and supplemental power for the 
system whose normal source of power is water and illustrates 
graphically and otherwise the relative importance of the various 
functions and characteristics of the supplemental plant. It 
further illustrates by diagrams in a hypothetical case the division 
of load between the hydraulic and supplemental sources of power. 

The second part of the paper discusses some general data 
obtained from a number of New England water power systems 
indicating the extent to which the water power is supplemented 
by steam and the methods of utilizing supplemental capacity. 


FUNCTIONS 
HE CHIEF functions of the steam* plant supplementing 
the water power system are: 
I. Standby for breakdown 
IT. Relay for low water 
ПТ. Supplemental for carrying peak of load. 
IV. As base load capacity when load dominates the water 
power and water power becomes supplemental to steam. 


CHARACTERISTICS 


The characteristics of the supplemental plant types corres- 
ponding to the above functions are— 

For functions I, II, and III, low fixed charges and jow standby 
cost. 

For functions I and III, quick starting. 

For functions II and III moderate operating costs. 

For function IV, low operating costs. 


PLANT TYPES 
I. Classified by ownership 
1. Power Company's 
2. Power Customers' 


Manuscript of this paper was received September 13, 1915. 
*Or other form of prime mover power plant. 
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II. Classified by origin 
. Existing plants 
. Extension of existing plants 
. New plants. 
Classified by equipment 
. Second hand equipment | 
. Cheap new equipment with simple auxiliaries. 
. High economy equipment with full auxiliaries. 


ч 
= 
wre wd em 


RELATIVE VALUE OF FUNCTIONS 


We may represent the relative commercial value of the func- 
tions of the supplemental plant in various ways; for instance, 
assuming an entirely new system, whose market is created by 
the water power development and grows gradually through a 
term of years until it exceeds the capacity of the water power 
available. Assuming for discussion a term of 25 years, the re- 
lative value of each function for various periods expressed 
in per cent of the total commercial value of a supplemental 
plant may be tabulated as follows: 


lst year | 2nd year | 5th year | 10th year | 25th year 


Breakdown (I) 100 75 50 10 0 
Low Water (II) 0 25 50 15 0 
Peak Capacity (111) 0 0 0 25 0 
Base Load (IV) 0 0 0 50 100 
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Total 


These relations may be visualized graphically by Fig. 1; or, 
tabulating according to functions and characteristics: 


Breakdown Low water Peak Base load 
Quick start Low investment Low investment Reliability 
Low investment Economy Quick start Economy 

Reliability Reliability Reliability Low investment 
Economv Quick start Economy Quick start 


It 1s evident that in order to minimize fixed charges, the exist- 
ing steam capacity should be utilized as far as possible whether 
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it belongs to the water power company or its customers, and in- 
sofar as the supplemental capacity is required for standby, or 
for small annual output—that is to be used to produce kilowatt 
capacity, and not kilowatt-hour output—even inefficient, second- 
hand, or otherwise low grade plant may be well adapted to the 
purpose. 

As the supplemental plant is called on to furnish a larger pro- 
portion of the demands of the system—that is, as it operates оп 
a higher and higher load factor—the higher class of equipment 
required may not be found so readily available in existing plants. 
While this is particularly true in the smaller power systems, 
larger communities may provide higher class installations, either 
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in the form of mill equipment or public service plants. In the 
older Communities, where large systems have grown up, supplied 
from well developed steam installations, water power supply 
d be obtained from local small sources, strictly supplemental 
fro he steam plant, or may be brought in over transmission lines 
d. Some outlying water power system. In the latter case, 
"m Ideal would be obtained by a traffic agreement between the 
ie n bones by which the water power system could utilize 
TN e full the capacity of the steam plant to relay its own 
En em during low water periods, and could furnish the steam 
Ton 1n return surplus power to reduce the fuel consumption of 
Steam plant. 
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The following curves Figs. 2, 3, 4 and 5 have been drawn to 
indicate graphically, by a hypothetical case, how the system load 
would naturally be divided between the water power and 
supplemental plant. In this case it is assumed that the water 
power plant has sufficient pondage to enable it ultimately to carry 
the daily peaks, leaving the base of the load to be handled by 
the steam plant. 

The curves, while representing the four stages indicated by 
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functions I, II, III and IV, are not numerically on exactly the 
basis as the above graphic illustration (Fig. 1.). 

Case A. The system load is assumed to be equal to but not 
exceeding the low-water capacity of the water power plant. 

Case B. The load exceeds the low-water capacity and equals 
that of the water power plant. Steam supplement is required 
during low water. 

Case C. The load exceeds at all times the water power plant 
capacity calling for the daily use of the steam plant to carry. 
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times to such an extent that steam dominates the output. The | 
water power then, by taking advantage of its pondage provides ara. 
the peak load capacity and reduces its hours of daily operation. 


New ENGLAND PRACTISE É Жа 
In order to find out what has been the general experience and TELE 
practise of public service corporations utilizing water power in LE S 
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New England, such information was obtained as time would 
permit from a number of the more important companies. The 
information sought included the general plolicy of the companies 
in utilizing the existing capacity in steam plants of their cus- 
tomers, also the general principles followed in the sale of power 
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calling for supplement either by the customers for their own pro- 
tection, or by the company for its own or its customers’ benefit. 

The general power situation in New England consists of three 
classes, somewhat at variance with the above ideal classification. 
They are: 
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1. Markets already existing either wholly supplied from steam 
or with steam dominating, and gradually absorbing transmitted 
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2. New, or recently developed water power installations or ex- 
tensions seeking new markets and usually more or less supple- 


mented by steam. 
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3. Power sources extended either by re-development or by 
interconnection with other powers by means of electric trans- 
mission to better serve the territory covered. 

. The power customers having steam plants available for auxil- 
lary use are of three classes: 

1. Public service railway, light and power companies. 

2. Mills having their own steam plants. 

3. Other water power developments having surplus steam 
plant capacity. 

In addition to the above questions, information was sought 
on the extent to which the various companies have found it 
advisable to relay their water power; the extent to which they 
had been able to obtain the use of their customers’ steam capac- 
ity; the principal uses to which the supplemental plants had 
been put; the general location of supplemental capacity; the 
general method of getting and paying for the customers’ sup- 
plemental capacity; the methods employed of quick steaming 
and starting; and the organization for, and time necessary to 
start and pick up the load. 

A company operating about 50,000 kw. of water power capac- 
ity started out a few years ago with the idea of utilizing through 
contract agreements the steam capacity of its customers, and 
although unusually successful in carrying out this principle, 
nevertheless the company has found it advisable to provide 
its own supplemental plant to the extent of about 15 per cent 
of its hydraulic capacity. In the last few years the proportion 
of its relay power has increased from about 2.5 per cent to about 
20 per cent of the total kilowatt-hour generated, the latter figure 
representing the year 1914, which was a period of unprecedented 
drought. This company's ponds are sufficient to allow the water 
power plants to carry the bulk of the daily peaks making it 
necessary as a rule to call on the customers only at such times 
as they can spare the power. 

The contracts with the customers furnishing supplemental 
power in general provide that, on request of the company, the 
customers shall supply power in such quantities and at such times 
as it may be required, provided this does not interfere in any 


way with their regular business. Such power is strictly “ой. 


peak ” and requires no expense on the part of the customer for 
additional equipment. 

The steam plants, of both customers and company, are used 
primarily for low water supplement and only rarely for break- 
down relay. 
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As the customers’ plants are run continuously in their regular 
business they require no special provision for quick starting. 


Another large company with about 5000 kw. in water power 
started out on the assumption that what New England wanted 
was primary power but it has seen fit to reverse its policy and 
now furnishes principally secondary power, depending on its 
customers to supply all the supplemental power required. In 
this way the company relays its water power to about 85 per 
cent of its capacity. These customers are public service com- 
panies in general lighting and power business. 

The principal use made of the customers’ steam plants is for 
low water supplement although they are depended on for break- 
down relay as well. Two have only enough capacity to handle 
their own loads and operate only when required to help out the 
water power. The third furnishes during low water the supple- 
mental power required by the water power company in handling 
its other business. By an agreement with the first two customers 
the company furnishes them power at a price which warrants 
them in shutting down their steam plants, but does not require 
them to provide any additional capacity for the needs of the water 
power company. As the summer peak of the third coincident with 
the low water period is only half their winter requirements they 
can furnish all the relay required by the company also without 
additional equipment. The company pays the customer a 
kilowatt-hour rate sufficient to give him a reasonable profit, 
but without any additional installation charge. 

The two plants.which are shut down when not required for 
relay can be started and pick up their loads in two or three 
hours. The third plant, operating continuously 1s always ready 
for breakdown relay duty. With the aid of forced draft kept 
for this purpose it can pick up two-thirds the capacity of the water 
power plantin twenty minutes. Similar apparatus now going 
into the other steam plants will enable them to pick up their 
loads in thirty or forty minutes. 

Each steam plant has a permanent organization sufficient 
to start up at any time. ` 

In carrying out plans for a very considerable increase in its 
present water power capacity the company expects to obtain 
from existing steam plants of new customers all additional steam 
relay required. In addition to above the company has a power 
interchange agreement with another hydroelectric system by 
which it takes from that system power up to about one-fifth of 
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the total demand and furnishes them low-water relay in return. 

Of the total annual output of the system a little over 20 per 
cent is furnished by steam including a small amount from the 
interconnected transmission system. 


A third important system including four water power plants 
aggregating 15,000 kw., operates three steam plants relaying the 
system to approximately 373 per cent of its capacity, and in 
addition has an interchange agreement with a customer operating 
both steam and water, from whom it can get up to 2000 kw. in 
prime power. 

The steam plants are used almost entirely for low water relay 
as far as possbile carrying the base load when operating. The 
secondary use of these plants is for breakdown and to relieve the 
waterpower plants of the daily peaks. The relay power is fur- 
nished part as lighting and part as railway current. The plants 
were already built when taken over by the waterpower system 
and furnish excellent low investment sources of power near the 
centers of their respective markets. 

In each active steam plant water is kept in one boiler and 
fires ready: to kindle kept under enough boilers to enable the 
station to pick up its load. Ordinary disturbances are taken 
care of by duplication of transmission lines, and during bad thun- 
der storms low steam pressure is kept up. 

Substation operators form a nucleus of an operating organiza- 
tion for the steam plants to be completed from carmen, linemen 
and trackmen. 

The proportion of the company's output generated by steam 
is approximately 5 per cent. 


А fourth system relays its water power to about 30 per cent of 
the capacity, of which about one-quarter comes from a customer. 
About one-half of the total annual output is generated by steam. 

А fifth system aggregating 6600 kw. in water power is relayed 
by steam to about one-quarter of this capacity. Owing to power 
obtained from another water power system the amount of steam 
generated by the company’s plant is very small. Of the above 
so-called “ steam ” power about one-quarter is ой driven. None 
of the customers’ plants are depended upon for relay. 


A sixth system developed to 12,000 kw. has a steam reserve, 
including customers’ equipment, of 3500 kw. or nearly 30 per 
cent, about one-third of which is obtained from customers 
plants. The reserve is confined entirely to breakdown and low 
water relay. 
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One of the company’s steam plants is at the waterpower plant 
and the other at a substation, originally an independent plant. 
The chief customer's plant is at the delivery end of a transmission 
line. 

Customers’ relay power is obtained on demand and paid for 
at a fixed rate per indicated h.p-hr. or per metered kw-hr. 
No special organization is maintained for handling the supple- 
mental capacity. Starting time is given as two hours. 


А seventh svstem, with 9000 kw. of water power and relayed 
to a small extent only, has contracted with another public service 
company operating a steam capacitv of 16,000 kw. and a small 
water power auxiliarv to take relav power during low water up 
to 4000 kw. and to furnish it in return secondary power when and 
in such quantities as it can be spared, the kilowatt-hour rates 
to be paid based on an interchange of power mutually beneficial, 
rather than for distinct profit to either. In this case the steam 
capacity is supplemental during low water and a breakdown 
relay at all times. The water plant is at one end of a duplicate 
transmission line and the steam plant at the other, while the load 
is distributed at several points along the line. 


An eighth svstem, one formerly depending chiefly on water 
power, has grown so in recent vears that today water 1$ of minor 
importance. Ten years ago the steam output amounted to only 
3,000,000 kw-hr. while the water power plant furnished 11,000-, 
000 kw-hr. per year. At that time the principal use of steam was 
for low-water relav, next, to carry the peak, and lastly, as break- 
down capacity. Today the steam capacity is 16,000 kw. and the 
water power only 2400 kw., the relative kilowatt-hour outputs 
of steam and water being in the ratio of 4:1. Under the inter- 
change power agreement with the seventh water power system 
previously spoken of, the steam output will be replaced to a 
large extent by additional water and in exchange will be held as 
reserve to supplement the water power during low-water periods, 


А ninth system, operating three water power plants aggregat- 
ing 5300 kw. is supplemented Бу steam to the extent of 900 
kw., or about one sixth. The proportion of the company’s 
output generated by steam is about 5.5 per cent. In addition 
the company purchases 2500 kw. of power from a customer 
operating waterpower, who takes from another hydroelectric 
system which in turn depends largely on its customers for steam 
relay. 
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Other systems, ranging in water power capacity from 10,000 
kw. to 1150 kw. are relayed in extent ranging from one-half 
to one-quarter of their respective capacities. 


The principal uses for their steam is for low-water and break- 
down, and to a less extent to help on peak load. None depends 
on its customers for steam power. Some keep banked fires 
allowing them to start in from 15 to 30 minutes, and part require 
two hours or more to organize crews to start from cold boilers. 
One has a gas producer plant which has not yet been called into 
service, another an oil engine installation, and another is con- 
sidering oil firing for its boilers. 

Most of them keep skeleton crews ready among their hy- 
draulic plants and substations to be completed on call from other 
departments. | 

With few exceptions, plants, either taken over in consolidation 
of properties, or rebuilt or extended, utilize existing installations 
ог. second hand apparatus, keeping down their idle investment, 
and those few exceptions are largely continuously-operating 
high-class plants belonging to customers or built for the purpose 
of high grade relay of relatively high annual output. 


TABLE SHOWING THE EXTENT OF SUPPLEMENTAL PLANT CAPACITY AND 
OUTPUT IN PER CENT OF WATER POWER CAPACITY 


Water power kw. Per cent steam Per cent steam 
capacity capacity output 
1 50,000 15 2.5 to 20 
2 5,000 85 20 
3 15.000 40 5 
4 12,000 30 50 
5 6,500 25 very small 
6 12,000 30 
7 9,000 50 (?) 
8 2.400 — 20 (formerly) 
9 11,400* (16,000 kw.) (present) 
10 5,300 17 55 


*Including customer's plant. 


The general conclusions that may be drawn from the somewhat 
limited data at hand are: 

1. That steam relay is depended on in widely varying propor- 
tions of water power capacity, depending partly on the character 
and regulation of the streams, partly on the character of power 
demanded and more and more on the extent to which the systems 
are interconnected with others for the interchange of power. 
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2. That, on the whole, the companies have been successful 
їп utilizing the existing steam capacity of their customers. 

3. That the principal uses to which supplemental capacity 
has been put are: 

(1) Relay for low-water 
(2) Breakdown 

(3) Peak capacity 

(4) Base load 

4. That the supplemental plants being largely old plants 
belonging to companies formerly supplying their own indi- 
vidual markets, since consolidated into more or less comprehensive 
systems, are generally scattered among local centers of dis- 
tributions. 

5. That only in rare cases have provisions been made in special 
equipment or organization for quick starting, and that for this 
reason quick starts are rarely made. Іп certain cases, however, 
where such relay is of importance oil firing is being introduced 
and in rarer cases gas and oil engines. 
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there will result not only a change of shape but of area as well- 
Such an effect occurs in most modern rotating electrical ap. 
paratus. The rotor and stator teeth are subjected to a con- 
stantly varying reluctance which produces a high-frequency 
change of flux superimposed on the working flux. The high- 
frequency pulsations produce hysteresis losses which we believe 
cannot be accurately calculated from a knowledge of the 
ordinary symmetrical-loss characteristics of the steel. 

The present investigation was undertaken to determine the 
magnitude of this effect, and, if impossible, some of the laws 
governing it. 

EaRLv ТЕЗТ$ 

Our first attempts were made in June, 1911. The following 
method of attack was used. Two laminated sheet-steel-ring 
samples were prepared, one of open-hearth steel and the other 


- — Wattmeter inducta. се 


of silicon steel. These samples were each wound with four 
uniformly distributed coils of wire, which were connected as 
in Fig. 1. 

А d-c. magnetizing force was supplied to the d-c. winding 
through a high reactance in order to limit the a-c. current in 
the 4-с. circuit. An a-c. wattmeter was placed in the 4-с. 
circuit to measure the small amount of a-c. power that was lost 
in this circuit, and corrections made accordingly. The amount 
of displacement of the hysteresis loop was measured by revers- 
ing the d-c. supply and noting the deflection of a ballistic gals 
vanometer. The amplitude of pulsation of the a-c. flux wa- 
determined by means of an a-c. voltmeter, assuming the volt- 
age to have a sine wave form-factor (1.11). This assumption 
was correct within 2 per cent except at the highest inductions. 
The total a-c. loss was measured by means of a precision watt- 
meter of the Kelvin type. 
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The curve of Fig. 2 gives some of the results of these tests. 
Also curves were plotted between different cyclic inductions 
and loss for two different mean displacements (i.e. 2000 and 
5000 gausses). The Steinmetz exponent was determined by 
plotting the logarithm of induction against the logarithm of 
the loss. These latter curves are not shown as they are not 
as reliable as some more recent data shown below. Some 
ballistic loops were taken at this time and Fig. 3 illustrates a 
specimen which shows the increase of area with displacement 
from the symmetrical position. 
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At that time we called the ratio of the area of a displaced 
loop to the area of the symmetrical loop of equal amplitude 
the displacement factor. Various steel samples were from time 
to time tested for displacement factor to find out whether or not 
the material was suitable for specific applications. The routine 
tests at a mean displacement of 10 kilogausses and total pulsa- 
tion of 2.5 kilogausses, and the previous investigation work, 
enabled us to draw the following general conclusions within 
the limits of induction used. 

(a) With a given pulsation the hysteresis loss increases very 
considerably with the displacement. 


2324 CHUBB AND SPOONER: [Oct. 20 


(b) Silicon steel has a higher percentage increase of hysteresis 
loss with a given displacement of the loops than open-hearth 
or soft steel. 

(c) The Steinmetz exponent for the relation between pulsa- 
tion and hysteresis loss decreases as the displacement increases. 


RECENT TESTS 


Recently, with superior testing methods, additional data 
have been obtained on this subject. 
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TEST METHODS 


Volt-Second Meter Method. About two years ago, one of 
the authors devised an apparatus for obtaining magnetization 
curves and hysteresis loops on completed electrical apparatus, 
particularly transformers. 

The change of flux in a magnetic core surrounded by a wind- 
ing is equal to 

К j edt 
where А = constant 
е = voltage induced in winding 


If a meter which will integrate the induced voltage is con- 
nected to a transformer winding, its reading will be proportional 
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to the change of flux in the core. The method consists in 
passing direct current from a storage battery through the 
primary winding of a transformer and connecting to the second- 
ary an integrating voltmeter or volt-second-meter which when 
properly adjusted makes one revolution for each change of one 
kilogauss in the magnetic induction of the transformer core. 
The procedure for testing consists in varying the impressed 
voltage and, at the end of each revolution of the volt-second- 
meter, reading the ammeter in the primary circuit. From this 
ammeter reading the value of H may be calculated. This 


E 
=i) MA 


gives the data for a magnetization curve or hysteresis loop, 
depending on the conditions. 

А diagram of connections of this apparatus is shown in Fig. 
4 and the apparatus is illustrated in Fig. 5. Тһе primary of the 
transformer to be tested is connected to terminals P and the 
secondary to S. В, is the source of d-c. supply. V.S.M is 
the volt-second-meter and К, is a resistance in series with it. 
B, is a dry cell which supplies sufficient current to the volt- 
second-meter through the high resistances R, and R; to com- 
pensate for friction when switch 5 is down. When switch 5 
is up the volt-second-meter may be backed up to its zero 
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point. Switch 1 reverses the ammeter A, switch 2 reverses 
the volt-second-meter, switch 3 gives А; a potentiometer con- 
nection and makes R; a series resistance or the opposite, de- 
pending on its position. This is for convenience in testing dif- 
ferent sizes of transformers as К; апа К: have resistances of 
5 to 1 and sometimes one connection is more desirable than 
the other. Switch 4 reverses the main battery current. S.G. 
is а safety gap to limit the rise in voltage in case the primary 
circuit 15 accidentally opened. 

In order to calibrate the volt-second-meter, terminals P. 
and 5 are connected together and a voltmeter is connected 
across S. К, 15 made some convenient value and the voltage 
is adjusted by ХА, and К; to give approximately 20 revolutions 
per minute of the volt-second-meter. The time for 10 revolu- 
tions (or more if desired) is then recorded by a stop watch and 
the voltage noted. The constant of the apparatus is then 
determined from the formula: 


_ 10 К; 
е ЕТ 
where R: = total resistance of circuit inside of term- 
inal 5 
E = voltage 


Т = time in seconds 
Next R, is to be adjusted as follows: 
К: = А МС 10+ 
where Ау’ = total resistance of circuit including trans- 
former winding, V.S.M. resistance, etc. 
К, = К,’ — all other resistance of circuit. 
A = cross section of transformer core in sq. cm. 
N = secondary turns of transformer. 


With this adjustment, a change of induction of one kilogauss 
in the transformer core will cause the volt-second-meter to 
make one revolution. 

To obtain a hysteresis loop the procedure is as follows: Set 
the primary current to some convenient value by means of the 
rheostats Кє апа R;, back up the volt-second-meter to zero by 
throwing switch 5 up, reverse the primary current by means 
of switch 4 and note the total revolutions of the volt-second- 
meter. If this is not the value required, change the current, 
set the volt-second-meter to zero, reverse the volt-second- 
meter connections bv means of switch 2, reverse switch 4 and 
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Fic. 5—APPARATUS FOR OBTAINING MAGNETIZATION CURVES AND HYSTERESIS LOOPS 
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slightly different due to small errors in determining the con- 
stants for one or both methods, but the areas of the two loops 
. check within a small fraction of one percent. 

A-C. Test Method. After obtaining considerable data with 
the* volt-second-meter apparatus, a few 60-cycle tests were 
made on open-hearth and silicon-sheet-steel rings by methods 
superior to those used in the early tests. 

A synchronous rectifier and d-c. voltmeter were used to 
determine the average value of the voltage and hence the maxi- 
mum value of the flux. Тһе rectifier could be adjusted to cut 
off at the zero points of the voltage wave, although the two 
zero points were not 180 degrees apart. This was necessary, 
as even harmonics were introduced into the voltage wave due 
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to the unsymmetrical current passing through a certain un- 
avoidable amount of inductance. The d-c. component of mag- 
netizing force was introduced by inserting storage cells in series 
with the a-c. generator. The amount of displacement of 
the hysteresis loop was determined by а null method. То do 
this, the direct current was reversed and the mean change in flux 
was measured with a long-period ballistic galvanometer and 
variable mutual inductance. The secondary of the mutual 
inductance and the exploring coil on the ring were in series 
opposing. The primary of the inductance and the d-c. supply 
for the ring were reversed simultaneously and the mutual in- 
ductance adjusted for a balance. А diagram of connections 1$ 
shown in Fig. 7. In the figure the galvanometer is supposed 
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to represent the mutual inductance and other apparatus to 
measure the displacement of the hysteresis loop. 


DATA 


The volt-second-meter tests were made on а 3333 kv-a. 
110,000 to 15,240-volt transformer. The core was of silicon 
steel. The data were obtained by first putting the transformer 
through the major hysteresis loop (which had a tip correspond- 
ing to that of the desired displaced loop) a sufficient number 
of times to insure a cyclic condition of the iron and then putting 
the core through the minor or displaced loop. 

Figs. 8 to 23 inclusive show these loops plotted in various 
ways. The titles are self-explanatory. Table I shows the 
areas of these loops. 


TABLE I.—SUM MARY OF AREAS. 


SCALE OF CURVES: ORDINATES: 1’ = 2 KILOGAUSSES 
ABSCISSAE: 1” = 1 Gauss 


(The illustrations are reproduced to 1/3 of this scale.) 
DiISPLACEMENT— KILOGAUSSES 


Minor 0 2000 
loop --------------------------------------------------- 
kilogausses 
Area squ are inches 
1,000 | 0.29 0.30 | 0.35 0.43 0.52 0.70 1.00 
2,000 0.941 1.181. 1.03 1.25 1.55 2.10 
3.000 1.71 1.83 ' 2.01 2.39 3.00 3.58 
4,000 2.81 2.86 3.17 3.50 4.10 
5,000 3.96 4.08 4.35 4.68 5.70 
6,000 5.48 5.57 5.87 6.05 N 
7,000 6.90* 7.09 7.44 8.16 T 
8,000 8.60 8.92 9.40 2x | 
9.000 10.61* 10.84 10.90 
10,000 12.96 13.04 
11,000 15.6* 15.28 


12,000 19.36 
13,000 21.76 


* Interpolated values. 
TValues too high. 


Relative Area of Hysteresis Loops for Various Displacements and 
Pulsating Inductions (4 Amplitude Obtained with the Volt-Second- 
Meter Apparatus on a 3333-kv-a., Single-Phase, 50-Cycle, 110,000 to 
15,240-Volt Transformer. 


After the first minor loop was completed, the transformer 
core was put through the same minor nine times, keeping the 
maximum value of H and the amplitude of B constant. Com- 
plete readings were taken on the tenth minor loop. In general, 
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the area of the tenth minor loop was slightly decreased from 
that of the first minor. The mean displacement changed only 
slightly. Fig. 24 shows an example. This is plotted on the 
assumption that the B displacement did not change at all. 

The curves of Fig. 25 show the relation between area (hystere- 
sis loss) and B (3 amplitude of pulsation) for various mean 
displacements. 

The curves of Fig. 26 show the relation between the logarithm 
of the area (hysteresis loss) and the logarithm of B (4 ampli- 
tude of pulsation) of the minor loop for various displacements. 

Fig. 27 shows the relation between the area of the loops 
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(hysteresis loss) and displacement for various values of В 
(4 amplitude of pulsation). 

Referring to the a-c. tests, the curves of Fig. 28 show the 
relation between displacement and 60-cycle displacement factor 
where B = 1000 (4 amplitude) and B = 2000 respectively for 
silicon and open-hearth sheet steel rings. 


DISCUSSION 
The curves of Fig. 25 and Fig. 26 show that for each mean 
displacement the Steinmetz law expressing the relation between 
the induction and the hysteresis loss requires a different co- 
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efficient and a different exponent. The coefficient increases 
very greatly with the displacement. The exponent, for a 
time, decreases and then later, apparently, slightly increases 
with increasing displacement. The points are so few for the 
high displacements, however, that this latter assumption is 
not at all certain. This condition of decreasing exponent with 
increasing displacement was noted from the early a-c. tests. 
The curves of Fig. 27 indicate that at very high amplitude 
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the hysteresis loss decreases slightly with the displacement 
Holme* shows this same thing from his a-c. tests. 

The curves of Fig. 28 for the a-c. tests show the interesting 
condition that at high displacements the loss increases less 
rapidly and in one case actually decreases. This effect would 
seem to be analogous to the decreased hysteresis loss at high 
inductions due to a rotating field and harmonizes somewhat 


*F. Holme, Zeitschrift des Vereines Deutscher Ingenieur, Oct. 1912. 
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with the commonly accepted theory of hysteresis loss. It is, 
unfortunately, not known whether or not the volt-second-meter 
data would have checked with the a-c. data in this respect, 
as the former tests were not carried to sufficiently high dis- 
placements at these amplitudes. This point could not be checked 
later, as the transformer was no longer available. А simialr 
effect is shown, however, in the case of the small displacement 
and the higher amplitudes. (See Fig. 27). 

These a-c. curves do not show as high displacement factors 
at the high inductions as have been found in other tests. How- 
ever, all known sources of error have been eliminated and we 
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see no reason to believe that the data are not correct for these 
particular samples. Іп addition to the hysteresis loss, there is 
present in these a-c. tests a small amount of eddy-current loss. 
This was found by test to be so small that no account has been 
taken of it in calculating the data for the curves of Fig. 28. 

At the time the a-c. tests were made, oscilograms were 
taken. Due to lack of time, the data from these have not 
been included, but may be presented at a later date. 

An attempt was made some months ago to determine, if 
possible, a relation between permeability and hysteresis loss 
for various displacements. Samples of widely different per- 
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meabilities were obtained for this purpose, the resulting data for 


four of which are shown in Table II. 


These data were obtained in an ordinary Epstein set with 
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Epstein Samples cut with the grain lengthwise of the strips. 


€ samples were silicon steel. 


These data are not altogether consistent but there is a good 
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Indication that, with the high inductions, at least, the lower 
permeability steel gives the higher percentage increase of loss. 


TABLE II. 
Permeability 

Sample Wi We W3 D = D — 
B = 10 B = 15 0 15 

А 5490 674 100 188 830 1.88 8.30 

р 5460 560 86 198 768 2.30 8.94 

В 4880 405 90 190 926 2.11 10.30 

C 4770 372 90 202 872 2.24 9.69 


Where И’, = undisplaced loss factor at В = 2000 and 180 cycles 
Ws = ditto with mean induction displaced 10,000 gausses. 
Ws = ditto with mean induction displaced 15,000 gausses. 
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It should be noted that these displacement factors at B = 15 
are higher than for the 60-cycle tests on the ring samples. 
This may be due to a variety of causes, such as frequency, 
direction of grain, phase displacements of wattmeter currents, 
and form factor for which no corrections were made in these 
180-cycle tests. There is opportuntiy for considerable more 
investigation along this line, as the pulsation losses in electro- 
Magnetic machines are of great importance in some cases and 
their reduction depends upon a knowledge of their variation 
with frequency, displacement, permeability, direction of grain 
heat treatment, and possibly other factors. 


, 


GENERAL CONCLUSIONS 


1. The hysteresis loss in sheet steel does not follow the Stein- 
metz law when the material is unsymmetrically magnetized, 
since both the coefficient and exponent of the familiar equation 

1.6 
И = (22) аге found to change with displacement. 


2. The coefficient of the Steinmetz equation is increased by 
displacement. 

3. The exponent of the Steinmetz equation is, in general, 
decreased with increase of displacement. 

4. The displacement factor for silicon steel 1s greater than 
for open-hearth steel at moderate displacements. 

5. The displacement factor for different samples varies 
greatly at the same values of pulsation and displacement, and 
the symmetrical loss alone is no indication of the displacement 
factor. 

6. There is evidence that the displacement factor is a function 
of the permeability, at least at high displacements. 

7. The great variations in the shape of the displacement- 
factor curves at and above saturation have made it impossible 
to derive satisfactorv empirical equations from the data obtained. 

8. A quick and accurate method of obtaining the data for 
hysteresis loops through any sequence of flux variation has 
been developed. 

In closing, the writers wish to make acknowledgment of the 
valuable assistance rendered by Prof. L. D. Rowell and Mr. 
О. W. А. Oetting in obtaining some of the recent data for this 
investigation. 


Го be presented atthe 314th Meeting of the American 


Institute of Electrical Engineers, St. Louis, Mo., 
October 19, 1915. 
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RECENT RESULTS OBTAINED FROM THE PRESERVA- 
TIVE TREATMENT OF TELEPHONE POLES 


— —— 


BY F. L. RHODES AND R. F. HOSFORD 


ABSTRACT OF PAPER 


The results of an experience with treated poles over a period 
of 18 years have been analyzed. Data are given for poles treated 
by pressure, open tank, and brush methods. The relation of 
these methods of treatment to the conditions which have deter- 
mined the choice of pole timbers in the United States 1s outlined. 
The experience with brush treatments has reached a more ad- 
vanced stage than that with the other types of treatment and 1$ 
consequently discussed in greater detail. Rates of decay, in- 
crease in life by treatment, the effect of seasoning, and the charac- 


teristics of the damage to poles caused by decay and by insects 
are all covered. 


INTRODUCTION 
HIS PAPER sets forth results that have been reached in 
the plant of the American Telephone and Telegraph 

Ompany and associated companies through the use of.dis- 
tillates of coal tar or of wood tar for the preservative treatment 
Of wooden poles. The experience reported covers several 
typical processes for applying the preservative, which will serve 
to show the varied possibilities attainable through the choice 
Of methods for applying the class of materials studied. 

The methods employed for studying these typical processes 
have consisted mainly in the installation of experimental series 
Of poles* to form parts of lines used for regular service. After 
exposure of these experimental groups of poles for a time suffi- 
cient to allow of the beginning of changes in their condition, they 
have been subjected to regular and svstematic inspections. 
Except in the case of the experiments with creosoted pine, it 
has been the practise to include, in each experimental series, 
untreated poles in sufficient number to afford a definite basis 
for conclusions as to the effects of the preservative methods. 
Untreated pine was known to yield such a short life under the 


Manuscript of this paper was received September 10, 1915. 


*See Appendix A for Bibliography of previous publications relating to 
this work. 


2343 


2344 RHODES AND HOSFORD: [Oct. 19 


conditions to which creosoted pine poles were exposed that a 
comparative determination of its life would not possess any 
practical value. | 

The bulk of the pole supply in this country has been drawn 
from three varieties of timber; two species of cedar and one 
of chestnut. All of these timbers show considerable resistance 
to decay when exposed in contact with soils. Being available 
in sizes suited for pole construction in much larger quantities 
than other species which also possess this desirable character- 
istic, the market supply for many years has consisted mainly 
of these three species. As many other species possess all of the 
other characteristics desirable in a pole timber (such as strength, 
available quantity, etc.) and as cedar and chestnut are not so 
distributed as to be locally available in all sections of this 
country, it is, of course, often desired to know what can be done 
with species grown in the immediate neighborhood of lines to 
‘be built. 

Southern pine is'a timber available in large quantities in regions 
at a considerable distance from supplies of cedar or chestnut. 
In the territory to which it is native, it is neither durable in 
the ground nor above it. It possesses, however, in good mea- 
sure, all of the other qualities desired in а pole timber. Timbers 
deficient in durability both in the ground and above it, require, 
necessarily, the application of preservative throughout their 
entire length. This requirement favors the use, for their treat- 
ment, of the cylinder pressure process. This process was one 
of the earliest of preservative processes to be established upon 
a commercial basis, and 1s today, the most prominent in the 
field with respect to number of plants and volume of business. 
Historically, the longest experience which we have to report 
was obtained with Southern pine treated by this process. The 
results obtained with these Southern pine poles, impregnated 
with creosote by the cylinder pressure process, will serve to 
illustrate the possibilities of what we shall hereafter refer to 
as whole length treatment. 

We have already referred to durability, when exposed in 
the ground, as an important characteristic for a pole timber. 
It is the general experience that the part of the pole which is 
placed in the ground is the least durable section, even in the 
case of species which are ranked as the most durable pole tim- 
bers. In most soils, the section of the pole lying between a 
plane а few inches above and a plane one to two feet below 
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the surface of the ground, which we shall hereafter term the 
ground line section, is found to suffer much more from decay 
than any other part of the pole. In a few soils, this region of 
maximum decay extends to greater depths in the ground; 
occasionally even to the butt end of the pole. An observation 
of the condition of the ground line section can, however, be 
depended upon, in the case of timbers of the relatively durable 
class, to show the deterioration of a pole due to decay, except 
as defects were originally present in other sections of the pole. 

The first work devoted to retarding deterioration in the 
ground line section of poles made from durable species of timber 
consisted in applying preservative to the surface of this section 
with a brush. This process has been репегаЙу known as the 
brush treatment and it is fortunate that this name was early 
applied to it, as both its technique and its aims are different 
from those of the ordinary processes of painting. Тһе brush 
treatment is an inexpensive process and requires no plant and 
but few tools for its application. Although the shght penetra- 
tion of the preservative attainable by this process has always 
been recognized as limiting its effect in retarding decay when 
compared with processes forcing the preservative to enter deeply 
into the wood, its ether characteristics have made it the most 
widely used of all pole treating processes. Three experimental 
series of poles located respectively in Georgia, Northern New 
York, and Nebraska, will furnish data relating to this process. 

The comparatively small gain in life anticipated from the 
brush treatment led, at the time when the experiments which 
we are to describe were begun, to the inclusion of poles treated 
by the open tank process. This process, while then new in its 
application to poles, had long been employed in some of its 
varied forms for treating other timber products. It has never 
been extensively employed for whole length treatment but 
possesses considerable advantages for part length treatments. 
When applied to the butt sections of cedar and chestnut poles 
it can be made to give a much greater penetration than the 
brush treatment. Аз penetration is generally agreed to be, 
to some extent, a measure of preservative efficiency, it was ex- 
pected that the open tank treatment would show a greater in- 
crease in life than the brush treatment. Two experimental 
series, located in Northern New York and Nebraska, are re- 
ported on for this treatment, and it will be seen that the ex- 
pectations of improvement over the brush treatment are being 
justified. 
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WHOLE LENGTH TREATMENTS 


Washington-Norfolk Line. This pole line of the American 
Telephone and Telegraph Company, extending from Washing- 
ton, D.C., to Norfolk, Va., was built during the summer and fall 
of 1897. For some twenty miles south of Washington chest- 
nut poles were used; for the rest of the line creosoted pine poles 
and guy stubs to the number of 9975 were installed. Most 
of the poles were sawn to fixed dimensions, 9555 being of square 
and 13 of octagonal cross-section. The remaining 407 pieces 
were natural round poles. 

These poles were specified to be impregnated by the cylinder 
pressure process with not less than twelve pounds of dead oil 
of coal tar per cubic foot of timber. The treating operations 
were carefully and continuously inspected by company employees. 
Frequent tests were made of the dead oil of coal tar as the work 
of preparing these poles progressed.* | - 

Representative short sections of the line were inspected in 
1903, about 300 poles being examined. No appreciable im- 
pairment was found. In 1908, the first regular maintenance 
inspection of the line was made and 14 square and 3 round 
poles were removed on account of decay. The total removals 
for decay prior to 1908 amounted to 4 poles. On December 1, 
1914, the number of poles removed for decay had risen to 39 
or about 0.4 per cent of the number originally installed. Table 
I gives in summary all pole changes occurring in the creosoted 
section of the Washington-Norfolk line and their causes. 

In December 1914, the current condition of the creosoted poles 
was studied by making a thorough and detailed inspection of 
a little over 1600 poles. Sections of from 89 to 312 poles were 
chosen at different points throughout the line so as to secure 
representative data on its condition. Special care was taken 
to cover sections adjacent to previous removals for decay. 
The results of this inspection are set forth in Table II, where 
data relative to the soil conditions surrounding all poles in- 
spected are given, as well as the results specifically bearing upon 
poles found to show signs of decay. In Table III, the results 
of this inspection are combined with the records of prior ex- 
perience for the sections of line examined. 

It will be noticed from Table II that the cause of deteriora- 
tion for 36 of the 42 poles showing decay in the top section 
was the cutting off of the top. Signs that the top had been cut 


*See Appendix B— Analyses of preservatives—for details. 
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off were found on only 21 sound poles so that cutting off the top 
after treatment caused deterioration on 62 per cent of the poles 
concerned. Decay in the top section has not as yet caused any 
great reduction in the strength of the poles as all show over 65 
per cent of their original strength. These results serve to em- 
phasize, however, the rule which 1$ one of the axioms of good 
treating practise, viz., that all timber should be completely 
framed before treatment. 

It will be seen that comparisons of the soil data relating to 
moisture, altitude, and proximate composition give no indication 
that any variation in these characteristics is favorable to decay. 
Perhaps this is because only relatively few poles have as yet 
become unsound, since some apparent effects of soil differences 
will be noticed in the pole line next to be discussed. 

From the section of Table IJ summarizing the external ap- 
pearance of the poles examined, it will be seen that the bleached 
and the other lighter colored poles yicld a percentage of decayed 
specimens considerably above the avcrage for all poles inspected. 
Sixty per cent of the poles showing decay in the ground line 
section are “ light " or “ well bleached " as against twenty-three 
per cent of the sound poles. Fifty-seven per cent of the poles 
classed as “well bleached " show signs of decay as against 1.5 
per cent of the poles contained in the “ dark " group at the other 
end of the color scale. Poles showing decay at the top have 
been omitted from these comparisons as their deterioration is 
almost entirely due to the cause already discussed. The lighter 
colored poles are presumably those which retain the lesser 
amounts of preservative so that their predominance with re- 
spect to decay suggests that life will increase with the amount 
of preservative applied. 

Observations which it is not practicable to present in tabular 
form indicated that the predominant manner in which decay 
began in the poles of square cross-section consisted in an at- 
tack near the centre of one side. Тһе shaping of the poles ex- 
posed the heartwood in the central part of each side at the ground 
line section. Practically all the checking noticed was confined 
to this exposed heartwood. The combination of the tendency 
to check with the slighter penetration which can be obtained 
in heartwood would seem to account for the predominance of 
this form of decay. 

Montgomery-New Orleans Line. This pole line of the American 
Telephone and Telegraph Company extending from Mont- 
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gomery, Ala., to New Orleans, La., was built in the summer and 
fall of 1899. From Montgomery to Hurricane, Ala., chestnut 
and juniper poles were installed. Between Hurricane and New 
Orleans creosoted round yellow pine poles were used in its 
construction, a total of 7644 pieces being placed. The nature 
of the country traversed made it necessary to install an un- 
usually large proportion of these in the form of A,H and tripod 
fixtures. 

All poles were specified to be impregnated by the cylinder 
pressure process with not less than twelve pounds of dead oil 
of coal tar per cubic foot of timber. The treating operations 
were carefully and continously inspected by company employees. 
Frequent tests* were made of the dead oil of coal tar as the work 
of preparing these poles progressed. 

Representative sections of the line were inspected in 1906, 
some 2152 pieces being examined. Each pole, stub, brace or 
pile employed as part of a fixture was inspected as a separate 
piece as a considerable number of the different types of fixtures 
referred to above were encountered in the sections covered. 
The results of this inspection are summarized in Table IV. 

A second inspection of the line was made early in 1915. 
The detailed records of the 1906 inspection were not available 
so that a new choice of sections representative of the line had 
to be made. It is known that part of the poles examined were 
also examined in 1906 but it is not possible to compare their 
condition at the two periods. 

The pole changes occurring in the creosoted section of the 
Montgomery-New Orleans line, up to the time when the last 
inspection was begun, are set forth in Table V. The causes for 
the changes are also given in this table. It will be noticed that 
removals made on account of decay amounted to only 0.3 per 
cent of the poles installed, although it must be noted that some 
of the poles included in the group whose cause of removal is 
unknown were probably removed on account of decay. 

Table VI gives in summary the results obtained in the inspec- ' 
tion of 1915. Nine sections of line were examined in the 1915 
inspection. These sections were chosen so as to be representa- 
tive of the different types of country through which the line 
passes. The number of pieces included in a section ranged 
from 150to 228. In Table VII the results of the 1915 inspection 
are combined with the records of prior experience for the sec- 


*See Appendix B—Analysis of Preservatives. 
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tions of line examined. It will be noticed that the data indicate 
that in 1906, seven years after the line was built, about one per 
cent of the poles had deteriorated to an extent calling for re- 
construction. In 1915, about 153 years aíter the line was 
completed, the number of poles which had reached a point re- 
quiring reconstruction was probably about 5 per cent of the 
number installed. А little over 7 per cent of the poles showed 
signs of deterioration in 1906, while in 1915, the percentage 
showing signs of deterioration had risen to 33. 

It will be seen from comparisons of the soil data relating to 
moisture, altitude, and proximate composition, that the surround- 
ings of the poles had some influence upon the beginning of decay. 
The proportion of decaved poles located 1n soils classed as dry 
is above the average. "The difference in altitude along the route 
followed by this line is not great but it will be noticed that the 
locations classed as high had more than the normal proportion 
of decayed poles. Corresponding to these two indications it 
wil be found from the data relating to soil composition that 
the lowest proportion of decayed poles was located in muck, 
which would necessarily be found in low, moist situations, where- 
as clay and loam, which would be found mainly in the higher 
and drier locations show more than average percentages of de- 
cayed poles. 

From the section of ТаЫе VI,summarizing the external ap- 
pearance of the poles, it will be seen that the bleached and 
other lighter colored poles yield a percentage of decayed speci- 
mens considerably above the average for all poles inspected. 
For example, 57 per cent of the poles classified as ‘‘ well bleached” 
were found to be decayed, as against 13 per cent of the poles 
classed as “атк.” 

The condition of the pole with respect to adhering tar also 
was found to offer distinctions in resistance to decay. Fifty 
per cent of the poles showing no tar were decayed, as against 
39 per cent decayed among poles showing streaks of tar near 
the ground line, and 18 per cent decayed for poles streaked 
with tar throughout their length. 

The lighter colored poles, and the poles carrying little or no 
tar, are presumably those which originally contained less than 
the average amount of preservative so that their greater tendency 
to decay reinforces the conclusion that life will increase with 
the amount of preservative applied. 

The cause for the entrance of decay was recorded in the case 
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of poles which had not deteriorated to an extent sufficient to 
render such a determination impossible. It wil be seen from 
the data relating to this subject, summarized in Table VI, that 
“ checks" and “ shakes’ were the only important causes for 
the entrance of decay noted. 

It will be noticed that insects were present in a considerable 
proportion of the decayed poles. White ants (termites) were 
found in 47 per cent of the poles injured by decay and in prac- 
tically every case this insect contributed to the injury. Round 
headed borers were found in about 10 per cent of the poles. 
These insects also are responsible for some injury to poles. 
Marine borers were likewise found on about 10 per cent of the 
decayed poles located in water. The other insect forms re- 
ported do not seem to be responsible for any damage to the pole 
but probably entered the pole after decay had made cavities 
in the wood. Whether the white ants and the round headed 
borers produced the initial injury to the pole structure in any 
case was not determinable. Large checks were noted in 5 per 
cent of the sound poles and 30 per cent of the decayed poles. 
Forty per cent of the poles attacked by white ants contained 
large checks. This would suggest that the entrance of the white 
ants was to some extent aided by breaks in the external layers 
of impregnated wood but we have not as yet been able to reach 
any conclusive determination upon this point. 

Retention of Preservative by Poles. Evidence has already been 
brought out in discussing the results of inspections of creosoted 
pole lines indicating that the tendency of the creosoted pole to 
decay is dependent to some extent upon the quantity of preserva- 
tive which it contains. Creosoted poles have to be prepared in 
large batches. The amount of oil used for impregnating a 
cylinder charge is readily determinable but such a determina- 
tion affords no means for ascertaining whether all of the poles 
treated at the same time receive equal shares of the preservative. 
Measurements of penetration upon individual poles are of some 
assistance in bringing the minimum impregnation nearer to 
the average, but the variations in the thickness of the sapwood 
layer in the different trees interferes with a requirement for 
uniform depth of penetration. Since some control can be ex- 
ercised over the impregnation of the individual pole, and since 
there is some reason to believe that the presence of at least a 
minimum amount of preservative is needed for the prevention 
of decay, information bearing on the retention of the preserva- 
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tive by poles in service possesses much practical interest. Changes 
which the oil used for impregnating a pole undergoes during 
the period of service also have an important bearing upon the 
choice of preservatives. 

It has been found possible to extract dead oil of coal tar 
from treated timber without appreciable contamination from 
the resins and oily substances which may be present as normal 
constituents of the wood. Several of the creosoted poles in 
the two lines just discussed have been subjected to this extrac- 
tion process. The composition of the extract obtained has 
been studied in all cases and in some of the cases determinations 
have also been made of the amount of extract obtained from 
unit volumes of the timber. The results of this work are sum- 
marized in Table VIII. 

It will be seen that extractions of preservative have been 
made both from the top and the butt sections of poles. The 
top of the pole is exposed to the action of sun, air, and rain. 
The action of gravity also tends to produce movement of the 
preservative towards the butt of the pole. The butt end of the 
pole, being surrounded by the soil, is much less subject to loss 
by evaporation, since the direct access of air to itis slight and 
heating through direct exposure to the sun 15 eliminated. 
Some evaporation can probably occur through porous soil and 
some through the vessels of the pole timber. The removal 
of any soluble constituents of the preservative is, of course, 
facilitated by the exposure of the butt to ground water. 

Examination of the table of analyses will show that the con- 
ditions to which the top of the pole is exposed cause a more 
rapid removal of the volatile constituents of the preservative 
than occurs in the butt section. Analytical data showing the 
composition of the oil with which a particular pole was im- 
pregnated are not available but the average results of all tests 
made on oil used for treating the poles in the Washington- 
Norfolk and the Mongtomery-New Orleans lines are given in 
Appendix “А.” It will be seen by comparing the average 
results with the individual data of Table 8 that the poles have 
suffered losses in the proportion of low boiling constituents. 

The data indicate that no appreciable loss by evaporation 
occurs in the case of constituents of the oil distilling above 
270 deg. cent. Such cases as pole No. 10,272 of the Mont- 
gomery-New Orleans line which show the least amount of 
preservative in the top section of the pole, with increasing 


2353 


PRESERVATIVE TREATMENT OF POLES 


1915] 


. 2 d < , = е 2 > - 224 r .. эж. + = LI - ө 
< =, 2 ө4 - > ES a ғ. a’ ' Г * ә k^ .” ей . = . ^ LI "LL e t 
LI LI - e LI ә 
a $ «~ ^ - Р 2 P Vot > = '- a . Ы ° M L ә ? 
гі; е ni , “ . . a . а ^ ы - -- . d d ld . 5 о о = . E = J . 
а) ~ 4. 2 „* = Р . EJ . Ж... = E = ew e e-e o,’ 
. . . - - ^ . ^ - > 
. - Lad pow - — s я . E P " - 
^ в >> z , .” b ‚ К ae D А Y толы * Mio 9t we .” Б A M . . << РА А - 
> .- 7 . E25 . ы 2 > = Au on |e . we 27. 
г : . & е Ж 5 уызы, жа > ь 1. . к” 9% TW, 
ЕЕ 4..5 > “^ш =. а d r Ы „А . -- E VU _ = , Ee. B d “ \ 
° =. > . LI . - Ы 4 & - s - . - . 
-. - " 2 e - > әз .. > - .. ^: , % : , " MIT. » è ~ „^ et 2% 
- . Ұлы. 7% А Ре т - е E - 2,6 в, 2% K - p = * 
- = Ы - жм ... Ld 2- - - + е LI - o^ . - - T і z 


осо 6566 8-6 9%: 654 4/8 $65 610 SFE LOW 2/0 GIL 997 819 1425 8/9 |: Déc АС DL 
-153J + 3425 “Bap 0/2 элоду 
9 12 ІСЕ 6 6 666 $1 99 4656 6G t6 Ls V'OI 8S C Е SI ғ 9І ІСТІ САС Wee Де 3495 әр 0/2 
% 3425 “Bap сє  цпәәмзўәң 
Ж 0 L0 "Fe РР "S SF ҮЗЕ 90 ОЕ 9 49 КЕ ҰЛ ВЕ qae И eee 3495 “Hap 
сес 1u2»»5 Bap (12 иәәмдәй 
оғ Е 0 90 L6 ет 6'I 50 СЕ 6T 62 Рс 1 Е £6 E T t6 8I (1172392 “Bap 012 моЈә9 


( 15) 919] Sq 


"0 serpy ovi] 9'£ 2% M '****(?5) ров ae 
£0 I =F 1 РРО I <901 60601 2 x is " FS0'I Е WO L STOT ЗЕР Е. I I р РНИ Apaes ogroadg 
15911x9 JO 5154[еиү 
U£ 91 60 62 0`1 ez .. А - ‘ . T .. . Fe quiebra»: TER 101395 |9301, 
8t EV с 15 g'e ғғ .. .. .. .. . .. .. .. .. .. е 9 9 0-4: 9:0 9:4 ава: Bull әріпі) 
*3} n2 Jad "qur 32923x9JO 34819 AX 
eur] әшт до], әш] әш] doy |3399 doy 31g doy, nng doy nng Чор nng dol 
"SO рг) ы “PID 
љо элочу №02 элочу 66 2194 СУТ 9194 6026 219d 1865 919d 6tZUI 9104 
nng wig 
(sino' 736 /е9 ВЕС 90d 
u103J—642601 'ON) 
"——— 9061 ш рәлошә: sa[od wol} $3 [15931 
6061 ut рәлошәз 8061 ut рәлошәг 
ajod шо1; s3[ns2 9] ajod шо1; szpnsay 
‘QUIT SULJO 
мәм Á19u1084u0]N әш 110}20\-ц038и14$е Ai 


`НО1АЧЯ5$ NI S€TOd NOAA SALLVA?NHSH?Cd ао АЧЯЯАЛООЯЯ моча SLTNSAA 
"ПІЛ S'I8 VL 


Digitized by Google 


2354 RHODES AND HOSFORD: [Oct. 19 


amounts as sections are examined nearer to the butt end of the 
pole, illustrate the effect of gravity in removing preservatives 
from the upper parts of the pole. This pole No. 10,272, it may 
be noted, was exposed in a warmer climate than the other poles 
reported upon and the minute percentages of low boiling con- 
stituents remaining in the sections above the ground line un- 
doubtedly are aconsequence of the temperatures to which it 
was exposed. The retarding effects exercised by envelopment 
with soil upon the evaporation of preservative are well illus- 
trated in the case of the section of this pole taken from below 
the ground line which contained substantial amounts of oil 
boiling below 270 deg. cent. 

It will be noticed that the section of pole No. 5348 of the 
Washington-Norfolk line taken from just above the ground 
line shows a smaller quantity of preservative extracted than 
was obtained from the top section. This pole was removed on 
account of decay which had entered at one side in the ground 
line section and had destroyed practically all of the untreated 
central portions of the pole when it was removed from service, 
The decayed section had a sound treated shell near the point 
where decay entered which was much thinner than the shell | 
on the opposite side of the pole. It seems probable that this 
ground line section was deficient in impregnation and that the 
irregularities noticed in the analytical results are a consequence 
of this deficiency. 

Asindicatedin Table VIII, the first poles subjected to extraction 
were removed from the line in 1906. These pole samples were 
divided among several laboratories. Dr. Von Schrenk* pub- 
lished the results of his work upon these samples in the follow- 
ing year. The results obtained with these poles, together with 
other work of a similar nature brought out at the same time. 
have since exercised a strong influence upon developments re- 
lating to the choice of preservatives. 


Butt TREATMENTS 


The investigations relating to butt treated poles which we 
shall describe, have been carried on in cooperation with the 
United States Forest Service. The numcrous publications re- 
lating to this work listed in Appendix A illustrate the great care 
and attention which the Forest Service has given to these pro- 
jects. The development of the open tank treatment for poles 


*See Appendix A— Bibliography—for reference. 
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is probably the most prominent contribution from the Forest 
Service, but the preparation of all poles for the experiments 
was also carried on by its representatives and the attention which 
was given to details in this work has been found to be of the 
greatest value. | 

The Brush Treatment. The first use of the brush treatment 
in telephone construction and, so far as our information goes, 
the first application to poles, was made by the Colorado Tele- 
phone Company. In June, 1899, a 30-ft. Michigan cedar pole 
line was built between Denver and Boulder. Four hundred 
and twenty of the poles used in this line were treated with 
carbolineum; the oil being heated to temperatures of from 
120 deg. to 150 deg. fahr., and applied to the butts of the poles 
with a wide brush. With the treated poles, an approximately 
equal number of untreated poles was installed, each of these 
two classes being set alternately in groups of five. 

The country through which this line passes is rough; the 
soil is composed of “ gumbo,” black clay, rock and sand; part 
of the line is located in swampy ground. In August 1903 an 
inspection was made of representative sections of the line. 
It was found that the poles which had been treated were sound, 
while the poles which had not been treated were found to have 
decayed to a depth of from $ of an inch to 1% inches. Sub- 
sequent inspections made of this line have confirmed the con- 
clusion, drawn after the first inspection, to the effect that the 
brush treatment was successful in preserving the poles. Ex- 
perience with other lines, built shortly after, upon which the 
brush treatment was used, developed the very important con- 
clusion that success with the brush treatment could only be 
expected when it was applied to seasoned poles. 

In applying a brush treatment, that part of the surface of 
the pole which it is desired to protect by the preservative should 
first be thoroughly cleaned. All dirt, adhering inner bark, soft 
or decayed timber, etc., should be cleared away. The pole 
Should be seasoned before it is attempted to apply the treat- 
ment and the surface which it is desired to treat should be dry: 
The preservative is applied to the cleaned surface by means of 
а brush, preferably one with a long handle. The application 
is most conveniently carried out when the pole is placed so that 
it can be rotated while the preservative is applied to the upper 
segments of its surface. The pole is then turned until the entire 
surface has been coated. As the aim of the process is to im- 
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pregnate the timber, the surface which is being brushed should 
be kept flooded with the preservative and care should be taken 
to cause the preservative to enter all cracks, checks, knot holes, 
etc. The best results will be obtained by applying a second 
coat of preservative after the first coat has had time to work 
its way into the wood. Although some preservatives will give 
fair penetration when applied cold, the best results with any 
preservative are undoubtedly obtained when it is heated before 
application, preferably to from 150 deg. to 200 deg. fahr. 

The extent of the surface to which the treatment is applied 
can best be determined after consideration of the characteristics 
of the soils in which the treated pole may be placed. It does 
not seem to be necessary to carry the treatment from a point 
above the ground line all the way to the lower end of a pole 
except in cases where heavy decay takes place near the butts of 
untreated poles as well as in the ground line section. For the 
usual case of heavy decay concentrated at the ground line sec- 
tion, a treatment extending from one foot above the ground line 
to two feet below it should be sufficient. Most of the poles to 
be reported upon were treated from a point two fcet above the 
butt of the pole to a point eight feet above the butt. The 
cedar poles locally treated in Nebraska and placed in the Omaha- 
Denver line were, however, only treated in the ground line sec- 
tion, 1.е., from about one foot above the ground line to about 
two feet below it. 

The Open Tank Treatment. When plans are being made for 
the experiments with poles whose results we are about to de- 
scribe, much thought was given to methods which could be used 
as an alternative to brush treatments. Several methods were 
given a prcliminary trial but the only one which was found to be 
practicable was that to which the name of the open tank treat- 
ment has been given. Various timber parts had previously 
been treated by immersion in hot or cold preservative but the 
first application of this type of process for treating the butts 
of poles appears to have occurred in the case of these experiments. 

The process consisted 1n immersing the butt ends of the poles 
to be treated in the hot preservative and keeping them immersed 
until the bubbling, caused by air or water escaping from the 
pole, ceased. The hot oil was then allowed to cool and the 
vacuum created in the cells of the pole timber in the course of 
the heating assisted in drawing oil into the wood. In the earlier 
work with this process, 24 hours was occupied in dealing with a 
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charge of poles, the heat being kept up during the greater part 
of the working day. The oil was allowed to cool over night and 
the poles withdrawn from the bath the next morning. In the 
later work, particularly in the case of chestnut poles treated at 
Parkton, Md., the possibility of shortening the period of heating 
was studied and a considerable reduction in the total time re- 
quired for treatment attained. 

The open tank treatment causes a substantially greater 
penetration of the preservative into the wood than does the 
brush treatment. Measurements of penetration upon “ open 
tank " poles show a range in depth of penetration from } of 
an inch to 3 of an inch or more, while penetration with the 


brush treatment may range from a little over 1/16 of an inch . 


to somewhat under } of an inch. The open tank treatment 
uses much larger quantities of preservative per pole than the 
brush treatment, as will be seen from the data assembled in 
the tables relating to poles handled under these two processes. 
This increase in the quantity of preservative absorbed is due 
to the greater depth of penetration and to the greater length 
of pole butt treated. ! 

Distribution and Location of Experimental Series. Three т- 
dependent series of poles have been installed in order to secure 
an experimental determination of the effect of butt treatments. 
The first series was located in the Savannah-Meldrim line of the 
Southern Bell Telephone and Telegraph Company. The in- 
stallation of the poles was completed in the summer of 1905. 
The experimental poles are located just west of Savannah in 
the relatively low land which reaches back from the seacoast 
border of the State of Georgia. This location was known to be 
one in which untreated poles decayed at a relatively rapid rate. 
It was selected with a view to obtaining a severe test of the ex- 
perimental treatments and with the hope that conclusive re- 
sults as to their efficiency could be obtained in a relatively short 
time. 

The second series of poles was installed in the late summer 
and fall of 1905 in the Buffalo-Warren line of the American 
Telephone and Telegraph Company. The experimental poles 
were placed in a section of this line lying between Gowanda, 
N.Y.,and Warren, Pa. About two-thirds of the poles are north 
and one-third south of Jamestown, N. Y. The experimental 
poles are located in a rolling country. The settings are well 
distributed between hill and valley surroundings. The hills 
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grow higher and more precipitous as the southern end of the 
section is approached. This location was chosen so as to give 
evidence as to the behavior of treated poles in the northern part 
of this country. It was not expected that deterioration would 
be as rapid as in the Savannah-Meldrim line and experience 
has justified this expectation. 

The third experimental series was placed in the Omaha- 
Denver line of the American Telephone and Telegraph Com- 
pany. Most of the experimental poles were located between 
Ashland and Lincoln, Neb., but one group of about 300 poles 
was placed considerably west of this section near North Platte, | 
Neb. The country in which this series is located is relatively 
level with moderate undulations, gradually rising in altitude 
towards the West. The line was built in 1910. Of the three 
lots of experimental poles placed, one had been prepared late 
in 1906 and another early in 1907. Аз these poles had to be 
held for three years before a location could be secured, it was 
thought that changes might have occurred during the period 
of storage which would tend to increase their rate of deteriora- 
tion. Several hundred cedar poles were, therefore, brush treated 
under carefully observed conditions at the time the line was 
built and set in groups with untreated cedar poles so as to 
afford a check upon the behavior of the treated poles which 
had been kept in storage. 

Preservatives Used. The preservatives used in all brush and 
open tank treatments reported upon are distillates of either 
coal tar or wood tar. Six of the preservatives used are pro- 
prietary compounds sold commercialy under trade names. 
These six preservatives have been given letter designations and 
will be referred to by these letters throughout this paper. 

The only other preservative used was dead oil of coal tar. 
As will be seen from the analyses of this material which we give, 
the dead oil used in the experimental work was a good repre- 
sentative of the product ordinarily obtainable for creosoting 
treatments in the market at the time the experiments were 
started. Since then a tendency has arisen for giving preference 
to dead oils containing less low-boiling constituents. In con- 
sequence of this change in opinion the dead oil which was used 
would today be regarded as a little below the standard grade. 

The six proprietary preservatives and the dead oil of coal 
tar were each used independently for brush treating experi- 
mental poles. Only dead oil of coal tar was used in preparing 
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the open tank treated poles, The much greater quantity of : 


preservative needed for the open tank treatment makes the 
employment of a low priced preservative desirable and the dead 
oil of coal tar was distinctly lower in price than any of the other 
preservatives experimented with. | 

Analyses were made of all of the preservatives experimented 
with. These analyses have been collected and are given in 
detail in an appendix.* 

Experience with Coal Tar. In addition to the experiments 
outlined above, treatments with undistilled coal tar and un- 
distilled pine tar were also applied to a number of poles included 
in the Savannah-Meldrim and the Buffalo-Warren series. The 
tar was heated and applied to the pole by a brush just prior to 
setting. Noappreciable penetration into the wood was obtained. 
The tar formed a substantial superficial coating which, in most 
cases, still appeared to be in good condition when the first in- 
spections of the experimental poles were made four to five years 
after their setting. It was found, however, that this superficial 
coating was ineffective in preventing decay so that the tar 
coated poles had deteriorated practically to the same extent 
as adjacent untreated poles. This experience indicates clearly 
the ineffectiveness of a tar coating from a preservative stand- 
point and no further reference to the tar coated poles reported 
upon in the tables of results will be made in the discussions to 
follow. | 

Savannah-Meldrim Line. The experimental series placed in 
the Savannah-Meldrim line included approximately equal 
numbers of juniper (chamaecyparis thyoides) and of chestnut 
(castanea dentata) poles. The juniper poles were collected at 
Wilmington, N. C., for seasoning and treatment. The chest- 
nut poles were collected at Mt. Pisgah, N. C., for similar work. 

Brush treatment was the only method of preservation em- 
ployed in preparing the treated poles in this line. All of the 
brush treated poles had been seasoned prior to their treatment. 
Half of the poles included in the experimental series were un- 
treated and were set for the purpose of giving direct compari- 
sons with the treated poles. A little more than half of the 
untreated poles were seasoned; the remainder were green when 
set. 

Treated and untreated poles of the same species were placed 
alternately in the line. The exact order of setting is shown in 


*See Appendix B—Analyses of Preservatives. 
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detail in Table No. 9. The poles were classified so that the 
seasoned poles contained in each sub-series of 34, such as is 
shown in Table No. 9, had been subjected to seasoning for the 
same length of time. There were 12 sub-series of juniper poles 
and 12 sub-series of chestnut poles. 


TABLE IX. 
No. of Condition Method of 
pole when set Preservative applied treatment 
Seasoned Preservative '' A "" Brush 
2 Seasoned Untreated 
3 Seasoned Preservative А " Brush 
4 Green Untreated 
5 Seasoned Preservative “В” Brush 
6 Seasoned Untreated 
7 Seasoned Preservative “В” Brush 
8 Green Untreated 
9 Seasoned Preservative '' C" Brush 
10 Seasoned Untreated 
11 Seasoned Preservative '' C" Brush 
12 Green Untreated 
13 Seasoned Dead Oil of Coal Tar Brush 
14 Seasoned Untreated 
15 Seasoned Dead Oil of Coal Tar Brush 
16 Green Untreated 
17 Seasoned Dead Oil of Coal Tar Brush 
18. Seasoned Untreated 
19 Seasoned Dead Oil of Coal Tar Brush 
2 Green Untreated 
21 Seasoned Preservative " E" Brush 
22 Seasoned Untreated 
23 Seasoned Preservative “E ” Brush 
24 Green Untreated 
25 Seasoned Preservative “Р” Brush 
26 Seasoned Untreated 
27 Seasoned Preservative “ F ” Brush 
28 Green .Untreated 
29 Seasoned Coal-tar Brush 
30 Seasoned Untreated 
31 Seasoned Coal-tar Brush 
32 Green Untreated 
33 Green Coal-tar Brush 
34 Seasoned Untreated 


Note: The above series was repeated 24 times, series No. 2 beginning with pole 
No. 35, series No. 3 with pole No. 69, etc. 


Several of the poles prepared for the experiment were injured 
in the course of transportation or setting. Several other poles 
to which it was intended to apply treatment failed to receive 
it on account of the supply of some of the preservatives running 
short. In consequence of this, it will be seen on examining Table 
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X, which gives the experimental data secured from the Savan- 
nah-Meldrim line, that there were slight deviations from the 
arrangement indicated by Table IX. 

Four inspections have been made to determine the condition 
of the experimental poles in the Savannah-Meldrim line. The 
first inspection was made in May 1909, about four years after 
the poles had been placed. The second inspection was made 
in November 1910; the third inspection in February 1912; 
and the fourth inspection in November 1913. In inspecting 
poles the earth was dug away to expose the ground line section 
for a depth of nearly two feet. The condition of the section 
was then carefully determined. Poles which showed no signs 
of deterioration or decay were classified as “sound.” As was 
to be expected, the application of this designation was practi- 
cally restricted to treated poles. Poles showing signs of de- 
terioration or decay were carefully examined to determine the 
extent of the change. АП soft and decayed matter which would 
interfere with the determination of the ground line circum- 
ference of sound wood was removed and the circumference then 
measured. АП ' pockets” of decay, whether external or 
internal in location, were carefully explored and measured, so 
that a proper reduction factor could be applied to the measured 
ground line circumference in order to obtain the ground line 
circumference equivalent to the amount of sound wood re- 
maining in the pole. 

During the course of each inspection special attention was 
given to the condition of any poles showing substantial deteri- 
oration with a view to determining whether they had fallen 
below the standard established for the maintenance of the line. 
Careful record was kept of all poles which were found to have 
fallen below the standard of maintenance, and of the methods 
selected by the Southern Bell Telephone and Telegraph Company 
for the reconstruction of these poles, whether by resetting, re- 
inforcement or replacement. Record was also kept of any of 
the experimental poles undergoing reconstruction between in- 
spections and of the cause for the line change. Where recon- 
struction has occurred due to other causes than deterioration 
by decay allowance for the fact has been made in the sum- 
marizing of the data. 

Table X sets forth in summarized form the data relating 
to individual poles accumulated in these inspections. The 
table includes data relating to the seasoning and the treatment 
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of the poles and the results of each inspection with respect to 
soundness, changes in circumference of good wood, and recon- 
struction work. It will be seen that by the time of the first 
inspection four years after the date of setting, decay had set 
in in the case of practically all untreated poles but that only a 
moderate proportion of the treated poles had at that time been 
affected by decay. The percentage of treated poles remaining 
sound decreased with each subsequent inspection, so that at 
the time of the last inspection in 1913 about 20 per cent of the 
juniper poles and about 40 per cent of the chestnut poles were 
still free from decay. 

The changes in the circumference of sound wood are set 
forth in considerable detail. Where a large part of the poles 
which were subjected to any particular method of preservation 
are still sound, the average decrease in circumference for the 
group will necessarily be comparatively small because the divisor 
includes a large number of units which have not contributed to 
the decrease. Average changes in circumference for poles 
which showed decay are, therefore, given. Under the severe 
conditions of exposure which characterize this line, the decay 
of a pole which is at or near the end of its serviceable life, is 
liable to proceed rapidly. Because of this, it has been found 
desirable to give also the average decrease in circumference 
computed with the poles designated for reconstruction elim- 
inated from the divisor. The table also gives the average de- 
crease in circumference between inspections for poles show- 
ing decay at earlier inspections, and the maximum and mini- 
mum decrease in circumference recorded at each inspection, 
for the poles subjected to each particular treatment. 

The last group of data included in the table shows the number 
of units subjected to reconstruction on account of deterioration 
by decay up to the end of each inspection. The figures given 
here include not only the poles designated for reconstruction 
on account of the results of the inspection but also any poles 
which may have been reconstructed either directly on account 
of decay between inspections or which were decayed to such 
an extent at the previous inspection that their reconstruction 
for that cause after the following inspection was certain although 
the nominal cause of removal may not have been given as decay. 
It will be noticed that over 80 per cent of the untreated juniper 
poles had been reconstructed by 1913, as against about 30 per 
cent of the treated poles. About 30 per cent of the untreated, 
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and a little over 10 per cent of the treated chestnut poles have 
undergone reconstruction. 

Buffalo-Warren Line. The experimental series placed in the 
Buffalo-Warren line was made up wholly of chestnut poles. 
These poles had been prepared in two groups. One group was 
collected at Thorndale and Paoli, Pa.; the other at Dover and 
Mt. Arlington, N. J. 

The Thorndale-Paoli group consisted of equal numbers of 
treated and untreated poles. About one-third of the treated 
poles had been subjected to the open tank process. Four- 
fifths of the open tank poles had been seasoned prior Хо treat- 
ment; one-fifth were treated in the ‘ green” state. About 
two-thirds of the treated poles had been given a brush treat- 
ment; all of these poles had previously been seasoned. When 
this group was installed, treated and untreated poles were 
placed alternately in the line. The exact order of setting is 
shown in Table XI, which covers a sub-series of 34 poles. 
There were 24 such sub-series in the group. No attention was 
given to period of seasoning in arranging the poles for setting. 

The Dover-Mt. Arlington group consisted of about three- 
fifths treated and two-fifths untreated poles. А little less 
than one-third of the treated poles were prepared by the open 
tank process; all but one of these had been seasoned before 
treatment. Тһе other treated poles had received a brush 
treatment after seasoning. Nearly all of the untreated poles 
had been seasoned. These poles were not set in any regular 
order and were scattered in groups of irregular size among un- 
treated poles brought from other sources. 

Two inspections have been made to determine the condition 
of the experimental poles in the Buffalo-Warren line. The first 
was made in September 1910 about five years after the line 
was built. The second inspection was made three years later 
in September, 1913. The methods of inspection employed 
have already been described in connection with the Savannah- 
Meldrim line. 

Table XII sets forth in summarized form the data relating to 
individual poles accumulated in these inspections. Мо poles 
have decayed to an extent necessitating reconstruction. The 
tables therefore show only the proportion of sound specimens 
noted and the magnitude of the circumference changes. Sum- 
marized data bearing on the seasoning and treatment of the 
poles are also included. 
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It will be noticed that while decay had begun on practically 
all untreated poles when the first inspection was made, the 
decreases in circumference average much lower than in the 


Savannah-Meldrim line. 


The number of brush treated poles 


TABLE XI. 
No. of Condition Method of 
pole when set Preservative applied treatment 
1 ’ Seasoned Preservative '' А” Вгизһ 
2 Seasoned Untreated 
3 Seasoned Preservative “А” Brush 
4 Green Untreated 
5 Seasoned Preservative “В” Brush 
6 Seasoned Untreated 
7 Seasoned Preservative ‘В " Вгизһ 
8 Green Untreated 
9 Seasoned Dead Oil of Coal Tar Brush 
10 Seasoned Untreated 
11 Seasoned Dead Oil of Coal Tar Brush 
12 Green Untreated 
13 Seasoned Dead Oil of Coal Tar Open-tank 
14 Seasoned Untreated 
15 Seasoned Dead Oil of Coal Tar Open-tank 
16 Green Untreated 
17 Seasoned Preservative “ E" Brush 
18 Seasoned Untreated 
19 Seasoned Preservative “Е" Brush 
20 Green Untreated 
21 Seasoned Dead Oil of Coal Tar Open-tank 
22 Seasoned Untreated 
23 Seasoned Dead Oil of Coal Tar Open-tank 
24 Green Untreated 
25 Seasoned Preservative ‘Е '' Brush 
26 Seasoned Untreated 
27 Seasoned Preservative “ F ” Brush 
28 Green Untreated 
29 Seasoned Coal-tar Brush 
30 Seasoned Untreated 
31 Seasoned Coal-tar Brush 
32 Green Untreated 
33 Green Dead Oil of Coal Tar Open-tank 
34 Seasoned Untreated 


Note: The above series was repeated 24 times, series No. 2 beginning with pole No. 35, 
series No. 3 with pole, No. 69 etc. 


remaining sound in 1913 is a little less than 50 per cent of the 
total number installed. Only slight changes in the condition 
of the open tank treated poles installed have been noted and only 
a little over one per cent of the poles show these changes in 
condition. 


Digitized by Google 
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Omaha-Denver line. The plans for the service tests of butt 
treated poles included, in addition to the series placed in the 
two lines already described, two other experimental. groups 
which were to be prepared independently. Four hundred and 
sixty-five Eastern white cedar (thuva occidentalis) poles were 
collected at Escanaba, Mich., and held for seasoning until the 
latter part of 1906. Approximately three-fifths of the poles 
were then treated, about one-third being subjected to the open 
tank treatment and the remaining two-thirds being about 
equally divided for brush treatment by two different preserva- 
tives. 

Five hundred and forty-two chestnut poles were at the same 
time being collected at Parkton, Md. After the process of 
seasoning had been studied with these poles one-third were 
given an open tank treatment and another third a brush treat- 
ment, two different preservatives being employed in this latter 
case. | 

Both the Escanaba апа the Parkton poles were finished at а 
time when an opportunity of placing an experimental group of 
poles consecutively in line could not easily be found. The two 
lots of poles were held for three years awaiting a suitable occasion 
for their installation. When plans were completed for setting 
them in 1910 it was felt that the long period of holding might 
have produced changes affecting the efficiency of their preserva- 
tive treatments. As the plans for building the Omaha-Denver 
line of the American Telephone and Telegraph Company, in 
which these two experimental groups were to be used, called 
for the brush treatment of several thousand Eastern white 
cedar poles, the construction work was arranged so that the 
brush treatment of several hundred poles was carried out under 
observed conditions. Dead oil of coal tar was applied to about 
half of the poles thus treated and a high boiling distillate of coal 
gas tar (preservative A ) was applied to the remainder. Un- 
treated poles were set aside in sufficient number to permit of 
Setting one untreated pole for each two brush treated poles of 
this third experimental group. The poles included in this group 
had all been held in storage for a long time and were consequently 
well seasoned. 

The Parkton poles were set near the eastern end of the new 
construction. The Escanaba poles were placed next in the line 
and next to them about two-thirds of the experimental lot pre- 
pared at the time of building the line. No exact order was 
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followed in placing the Parkton and the Escanaba poles but a 
reasonably uniform distribution of the three types of treatment 
and of the untreated poles was attained. About half of the 
freshly treated poles were so installed as to give uniform series 
with each of the three methods of preparation grouped inde- 
pendently of the others. The other half of the poles were set 
so that an untreated pole alternated between each of the two 
types of brush treated poles. About 300 poles of the 1910 
experimental group were given a location some 200 miles west 
of the other experimental poles near North Platte, Neb. These 
poles were set so as to bring an untreated pole between each of 
the two kinds of brush treated pole. 

The installation of these experimental poles was completed - 
in 1910. The first inspection to determine condition was made 
in 1914 after four years’ exposure. The results of this inspec- 
tion are given in Table XIII. 

It will be noticed that nearly all of the poles subjected to 
the open tank treatment show no change in condition. The 
brush treated poles show relatively much greater percentages 
affected by decay than was the case with corresponding treat- 
ments in either of the other two lines reported upon. The 
greater proportion ofdecay with the poles brush treated with dead 
oil of coal tar included in the groups treated at Parkton and 
Escanaba probably has some connection with the relative 
volatilities of dead oil of coal tar and of preservative A. The 
dead oil of coal tar contains a substantially greater proportion 
of low boiling constituents than preservative A so that with 
the exposure of the treated poles to the sun and air for three 
years a considerable reduction in the amount of preservative 
retained by the pole may well have occurred. A rather severe 
tendency to checking was also noticed which is particularly 
marked in the case of some of the chestnut poles from Parkton. 
Poles which have reached the limit of air seasoning still retain 
large percentages of moisture in their interior sections. It 15 
possible that this internal moisture began to evaporate in the 
relatively dry climate of Nebraska and this evaporation may 
be the cause of the heavy checking. 

Better results in the way of preservation were obtained in 
the case of the poles treated when the line was built. Here 
there is very little distinction between the results obtained with 
the two kinds of preservative used. It is to be noted that the 
poles treated had been held for rather long periods and were 
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very likely held beyond the time necessary for seasoning. As 
will be pointed out subsequently, holding for a period much 
longer than that needed to bring about seasoning is disadvanta- 
geous from the standpoint of obtaining the best results in the 
way of preservation. 

Another feature of interest brought out in the inspection of 
this line is the large proportion of chestnut poles in which bor- 
ing beetles (parandra brunnea) were found. It has not been 
possible to determine whether these insects entered the poles 
after their setting or whether they first entered some of the 
poles at a point of storage and distributed themselves along the 
line after setting. 

It will be noticed that the rate of decay, as indicated by 
the change in circumference, is relatively rapid. The average 
circumference change for treated poles showing decay would 
indicate that on many of these poles decay began not long after 
their setting. 

Discussion of Experience with Butt-Treated Poles. The 
choice of treated poles in preference to untreated poles for 
constructing a line must necessarily be based on some expecta- 
tion of an advantage to be gained. Ordinarily the advantage 
looked for would be longer life for the treated poles as compared 
with the untreated. А close determination of the gain in life 
due to treatment can only be secured when it is possible to com- 
pare the complete life history of a series of treated poles with 
that of a series of untreated poles exposed under comparative 
conditions. ` 

It will be seen that the experience which we have just de- 
scribed has not been long enough to give the complete life history 
of any of the experimental series. It has, however, been long 
enough to substantiate the expectation that butt treatments 
will increase the life of poles and to yield considerable informa- 
tion of value to any one contemplating the use of treated poles. 

The open tank treated poles show a negligible amount of 
impairment up to the date of the latest inspections. The super- 
iority of the results obtained with the open tank poles as com- 
pared with the brush treated poles placed in the same localities 
is evident. Since so little change in condition has occurred in 
the case of the open tank poles, it is, however, impossible to 
find a basis for formulating an opinion as to what may be ex- 
pected from these poles as the experiment continues. While 
therefore there is no question but that the best results in the 
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butt treatment experiments are to be credited to the open tank 
treated poles, the data obtained from the brush treated poles 
yield much more information relative to the limitations of that 
process, so that we shall find it necessary to confine further 
discussion to the brush treatment. 

A glance at the tables of results obtained with brush treat- 
ments in the different experimental series will show that the 
application of the treatment to poles has retarded the begin- 
ning of decay for a considerable number of years. A question 
immediately occurs, however, as to whether the rate of decay 
for treated poles may not be greater than for untreated poles 
so that the advantage due to this retardation of its incidence 
could ultimately be lost. 

Some answer to this question is afforded by the data which 
we have been able to gather. In the case of one experimental 
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group, the juniper poles placed in the Savannah-Meldrim line, 
all but a few of the untreated specimens had, at the date of the 
last inspection, in 1913, reached the end of their serviceable life. 
By far the greater part of the treated specimens were still in 
serviceable condition at the 1913 inspection, so that in this 
One case we have direct evidence that an increased life will 
result from the treatment. 

While substantial percentages of treated poles in all of the 
other experimental groups are still sound, decay on the corres- 
Ponding untreated poles has not advanced so far as to have 
brought a majority of them to the end of their serviceable life. 
The data accumulated with respect to changes in the circum- 
ference of sound wood afford, however, an indication of what 
may be expected in the future from these experimental groups. 
To illustrate the application of the circumference data, Fig. 1 
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and Fig. 2 are submitted. In Fig. 1 the average decrease in 
circumference is plotted against years of exposure for seasoned 
untreated juniper poles and for juniper poles brush treated 
with preservative А and with dead oil of coal tar. As a divisor 
which includes sound poles and poles which are decaying is 
necessarily used in obtaining the average decrease in circumfer- 
ence for the brush treated poles, we show also a curve for the 
average decrease in circumference of poles on which decay 
has started, combining in this case the results obtained with 
preservatives A and B, and dead oil of coal tar, in order to in- 
clude enough poles to insure representative results. In order 
to bring the curves for untreated and treated poles close to- 
gether the scale for years of exposure of the treated poles has 
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been shifted. Fig. 2 gives similar curves for the chestnut poles 
in the Savannah-Meldrim line. It will be seen on comparison 
of these curves that up to date no indication has been given 
that decay will proceed more rapidly on treated poles, once it 
starts, than it does upon untreated poles. The indications are, 
therefore, that any gains due to the retardation of the begin- 
ning of decay through treatment, will be retained. 

Before concluding with this branch of the subject it seems 
worth while to describe an excellent illustration of the practical 
value of treated poles. The Savannah-Meldrim line was ex- 
posed to a severe wind storm in August 1911, which caused the 
breaking of twelve consecutively placed poles in the juniper 
section of the experimental series. Six of the twelve poles 
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were untreated. Four more had been treated with coal tar and, 
as already noted, poles receiving this treatment have decayed 
very much as if they had received no treatment at all. All of 
these ten poles and one other pole which had been treated with 
preservative E had decayed to an extent requiring reconstruc- 
tion, but the work of reconstruction had not at the time been 
performed. The twelfth pole which had received a brush treat- 
ment with dead oil of coal tar, was only slightly above the re- 
placement dimensions for the line and was separated from the 
next treated pole, to which dead oil of coal tar had also been 
applied, by one of the untreated poles which fell. This last- 
mentioned pole treated with dead oil of coal tar was still sound 
and although unguyed and fully exposed to the force of the 
wind, stopped the break in its direction. In the other direction 
another brush treated pole which had suffered only slightly 
from decay also stopped the break, although it again was unguyed 
and exposed to the full force of the wind. 

Increase 1n Life. In the present state of our information only 
approximate estimates can be given of the effect of brush treat- 
ment in increasing the life of poles. When all of a given group 
of poles have completed their period of service the computation 
of their average life is simple. The same method of computa- 
tion can be applied when the number of poles in a group still 
left in service represents only a small percentage of the poles 
originally exposed as fairly large errors can be made in estima- 
ting the expectation of life for the poles still in service without 
causing any substantial deviation in the average life for the 
group. 

The only groups of poles in the several experimental series 
which have deteriorated to a point where this method of com- 
putation can safely be applied are the untreated seasoned and 
" green" juniper poles in the Savannah-Meldrim line. The 
results of such a computation for these two groups of poles are 
shown in Table XIV, which indicates an average life of seven 
and two-tenths years for the seasoned untreated juniper poles 
placed in this line and an average life of seven and five-tenths 
years for the “ green " untreated poles placed in this line. The 
conditions to which poles placed in this line are exposed were 
known to be unusually severe when the experiment was started 
and the location was chosen because of this. In spite of the 
very severe conditions of exposure none of the other experi- 
mental groups in this line have deteriorated to a point where 
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we can find a basis for applying the same method of computa- 
tion to determine their life. 

One other method for estimating the gain in life due to treat- 
ment remains. It is based on the evidence illustrated in Fig. 1 
and Fig. 2, indicating that when decay starts in a treated pole 
it does not proceed at any higher rate than in an untreated 
pole. If the rate of decay for treated poles is not greater than 
it is for untreated poles the number of years elapsing before 
the treated poles begin to decay will yield an approximate in- 
dication of the gain in life; as, under average conditions, not 
many months should elapse after setting before untreated poles 
show at least some slight signs of decay. Computations of 


TABLE XIV 


LIFE OF EXPERIMENTAL UNTREATED JUNIPER POLES IN THE ЗАУАММАН- 
MELDRIM LINE 


Green Seasoned 
Year Years м— ———— 
of of 
inspection service No. of Total pole No. of Total pole 
poles years in poles years in 
replaced service replaced service 
1909 4 0 — 1 4 
1910 5.5 28 154 38 209 
1912 dE. 23 161 28 196 
1913 8.5 24 204 22 187 
*1915 10.5 17 178 13 136.5 
92 697 102 732.5 
Average life 7.5 years 7.2 years 
*Estimated. 


the average years to the beginning of decay for several of the 
experimental groups are shown in Table XV. It will be seen 
from the table that in the case of some of the experimental 
groups so many poles were still sound when last inspected as 
to make the estimate of the time at which decay would begin 
exercise considerable influence upon the results of the com- 
putation. The figures may also be from six months to a year 
above the actual range of life which will be shown by the brush 
treated poles due to the lag in the starting of decay upon un- 
treated poles which has already been referred to. While these 
figures are only approximate it will be noticed that they in- 
dicate a greater addition to the life of poles through treatment 
for a northern location as compared with a southern location. 
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Method of Failure of Brush Treatments. In making inspec- 
tions of the treated poles special attention was given to de- 
termining the cause of the beginning of decay. In some cases 
decay had extended at the time of inspection to a point which 
made it impossible to reach a conclusion as to how it began. 
With only two or three exceptions, however, it has been found 
that the thin treated layer on the outside of the pole remained 


TABLE XV 


AVERAGE YEARS TO INITIATION OF DECAY FOR BRUSH TREATED EX- 
PERIMENTAL POLES (OMITTING PRESERVATIVE “Р”) 


(Computed for 100 poles on basis of percentages of sound poles) 
SAVANNAH-MELDRIM LINE 


И Juniper poles Chestnut poles 
Average | —————————— 
years Per Total Per Total 
sound cent years cent years 
Poles unsound in 1909 2 31.7 63.5 25.6 51.5 
* becoming unsound т 1909-1910 4.8 21.6 104. 18.6 890 
Ж “ s “ 1910-1912 6.2 13 6 84.5 12.4 77. 
s s s “ 1912-1913 7.8 15 4 120. 4.7 37. 
« s “ “ 1913-1915* 9.5 17.7 168. 19.3 183.5 
« s « 1915-1917* 11.5 —- 19.4 223.0 
540.0 —— 
661.0 
Average per pole— 5.4 years 6 6 years 
BuFFALO- WARREN LINE 
Average Total 
years Per cent years 
sound 
Poles unsound іп 1910............................ 2.5 12.4 31 
* beco ning unsound in 1910-1913.............. 6.5 31.4 204 
s a s “ 1913-1916#............. 95 28.1 267 
“ “ ы 4 1916-1919®............. 12.5 28.1 351 
Average рег pole—' 8 5 years 853 
*Estimated. 


sound after decay began. Any parts of the treated layer which 


covered decay were usually removed in the course of the in- 
spection and the sound condition of the treated wood was 
readily checked by direct examination. Where a determina- 
tion as to the point at which decay began was possible it was 
generally found that the presence of a check, split or other 
opening in the treated layer afforded a path through which 


2374 RHODES AND HOSFORD: [Oct. 19 


the decay-producing organisms could gain access to the under- 
lying untreated timber. From this point of entrance decay 
would spread usually affecting a thin layer just underneath 
the treated wood for some distance on either side of the point 
of entrance. | 

Fig. 3, which is an illustration of а brush treated pole in the 
Buffalo-Warren line, shows excellently the usual conditions 
attending the starting of decay in brush treated poles. This 
pole was sound when inspected in 1910 but on inspection in 
1913 decay was found extending over the light-colored section 
shown at the bottom of the illustration. This section mea- 
sured about six inches in width and the total depth of the cut 
was about one-quarter of an inch below the original external 
surface of the pole. The treated layer on the surface was 
sound but showed on inspection that there was soft wood 
beneath. On cutting the treated layer the thin underlying 
layer of decayed wood was found and removed before the photo- 
graph was taken. It will be noticed that there is a check 
visible in the illustration which passes through the center of 
the decayed section. This probably afforded the means for 
decay producing organisms to enter the pole and it will be 
noted that the decay had progressed about equal distances in 
either direction around the pole from this check. 

The only other type of failure in brush treated poles which 
has yet been noted was found in two or three specimens during 
the 1913 inspection of the Buffalo-Warren line. In the case 
of these few poles the external treated layer had turned soft 
and punky and could be easily scraped from the pole. The 
soft wood was collected from these poles and subjected to 
analysis. The same methods of extraction were used as had 
previously been applied to creosoted pine poles. It was found 
that about 5 per cent by weight of oily matter could be ex- 
tracted from the sample. This oily matter on analysis was 
found to be practically free from substances distilling below 
270 deg. cent. About half of the extract distilled between 
270 deg. cent. and 360 deg. cent., at which point the distilla- 
tion was stopped. The residue was found to bea viscous pitch. 
The extract was observed to be somewhat contaminated with 
substances derived from the wood. No definite conclusions 
can be drawn from this single experience but the evidence 
gathered suggests that in this case most of the preservative had 
been removed from the timber before decay started. Decay 
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Fig, 3—FROM PHOTOGRAPH OF BRUSH-TREATED 
THE BEGINNING OF DECAY 
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of this type, however, cannot, on the basis of the data thus far 
gathered, be regarded as a common cause of the failure of 
brush treated poles. 

Methods of Treatment. The application of preservative to 
the brush treated poles was generally made under similar con- 
ditions, as the principal object of the work was to determine 
the efficiency of a method which had already passed through a 
considerable development. It will be noticed on examining 
the tables, however, that several of the series of poles treated 
with particular preservatives were divided between one- and 
two-coat treatments; and that in the case of one preservative, 
dead oil of coal tar, three-coat treatments were also experi- 
mented with. 

The effect of a one-coat treatment is most clearly shown 
in Table XII covering the Buffalo-Warren line. In this table 
there are several cases where approximately equal numbers 
of poles were given one-coat and two-coat treatments with the 
same preservative. In each case the superior results obtained 
with the two-coat treatment are obvious. In the Savannah- 
Meldrim line only a few poles were given one-coat treatments 
and this was done only because the stock of preservative ran 
short. Because of the small number of poles receiving the 
one-coat treatment, the effect of peculiar characteristics in an 
individual pole is much enhanced so that no definite conclusions 
can be based upon the results obtained in this line. 

The results of the experiments with three-coat treatments 
will be found in Table X covering the Savannah-Meldrim line. 
. No clear evidence of any advantage derived from applying the 
third coat is indicated. 

With one exception, all of the preservatives were heated be- 
fore application. Preservative C (see Table X, Savannah- 
Meldrim line) was applied cold to all except a few of the poles 
treated with it. The results obtained with the poles treated 
with cold preservative are only slightly inferior to the results 
obtained with the poles to which the hot preservative was 
applied. А somewhat greater amount of the preservative was 
absorbed when it was heated before application. 

Comparison of Preservatives Used. It will be noticed that none 
of the seven preservatives experimented with shows consistently 
superior results to the others. Some of the preservatives have 
given irregular results, showing up well with one group in an 
experimental series and poorly in another. Preservative A and 
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dead oil of coal tar give the most consistent results in the Savan- 
nah-Meldrim and the Buffalo-Warren experiments where a 
number of other preservatives were employed. In the case of 
the Omaha-Denver line where the other preservatives were not 
included in the experiment, the relation between the results 
obtained with these two preservatives is about what was to be 
expected from them in view of their previous record in the 
other lines. Except as a preservative contained a large propor- 
tion of constituents soluble in water, it would be expected to 
remain in the ground line section of poles for a number of years 
as the experience with creosoted pine poles indicates that pre- 
servative is lost by evaporation much more slowly from this 
part of the pole than from the upper sections. As the character- 
istic type of failure for brush-trcated poles has been due to 
mechanical causes such as the opening of checks or the cutting 
of the treated layer, it would be expected that the differences 
between the results obtained with the different preservatives 
experimented with would not be great, and the summarized 
data accord fairly well with this expectation. 

The Effect of Seasoning. At the time these experiments were 
started it was generally assumed that seasoning would produce 
a substantial increase in the life of poles. One thing aimed at 
in the experiments was to secure a direct demonstration of this 
generalization. It will be noticed, however, that in the case 
of the Savannah-Meldrim line appreciably better results are 
shown by the “ green '' poles and that in the case of the Buffalo- 
Warren line the seasoned poles show only a slight advantage 
over the “ green '' poles. 

In considering these results it must be borne in mind that 
the conditions of the experiment made it necessary to collect 
poles each month over a period of about a year and to hold the 
poles first collected until it was certain that the poles last col- 
lected had been thoroughly seasoned. While the poles were 
skidded and other precautions were taken to keep them in good 
condition and free from decay, it will be seen that a part of 
the seasoned poles were held for a period considerably in excess 
of that normally required for seasoning. | 

In the Savannah-Meldrim line, poles which received the 
same amount of seasoning were installed in the same sub-group 
and consequently in the same section of the line. In Fig. 4 
we have plotted the average decrease in circumference for each 
month's group of seasoned juniper poles, and for comparison 
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with it we have plotted the decrease in circumference for the 
'" green" poles included іп the same sub-group with each lot 
of seasoned poles, and therefore exposed to approximately the 
same conditions. The data are plotted only for the inspections 
of 1909 and 1910 as the removals subsequent to 1910 preclude 
the showing of comparative data. Fig. 5 is a corresponding 
plot for the chestnut poles in the Savannah-Meldrim line. 
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Seasoned poles plotted by sub-groups according to duration of seasoning. Green poles 
plotted against seasoned poles in same sub-group. 


Fig. 4 shows a strong tendency to an increasing rate of decay 
for the longer periods of seasoning. In Fig. 5 this tendency is 
not so marked although there is a slight trend towards a higher 
rate of decay as the period of seasoning increases. 

It was also found that the treated poles in this line which had 
begun to decay showed distinctly higher rates of decay in the 
case of poles subjected to the longer periods of seasoning. The 
indications are, therefore, that the superiority of “ green ” 
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poles over seasoned poles in the Savannah-Meldrim experiment 
is, in part at least, due to the excessive duration of the period of 
seasoning. The conclusion to be drawn from this experience 
seems to be that seasoning affords at best only a slight increase 
in the life of poles and that the greatest advantage to be de- 
rived from seasoning 1s that the pole is brought into a condition 
suitable for receiving a butt treatment. 

Insect Damage to Poles. For many years insects have been 
found in decaying poles but it is only recently that systematic 
study of insect damage to poles has been attempted. The 
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study of this problem was proposed in 1910 by Dr. A. D. Hop- 
kins of the Bureau of Entomology, whose assistant, Mr. T. E. 
Snyder, had just completed the investigation of a case where 
a wood-boring beetle (parandra brunnea) had been found caus- 
ing serious injury to a pole line. The inspection of the experi- 
ments with butt treated poles was, at that time, just becoming 
active. Through the participation of Mr. Snyder in one of 
the early inspections, a foundation was laid for future work 
through the training of the inspection force in methods for 
gathering data bearing on insect damage. Through following 
these methods, and with the assistance afforded by the Bureau 
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of Entomology in identifying specimens collected by inspectors, 
a valuable record of insect damage as affecting the experimental 
poles has been gathered. 

Substantial insect damage has come from two very different 
sources. Termites, or white ants as they are often referred to 
colloquially, have long been recognized as a source of injury 
to timber, particularly in the South, where the warm climate 
is favorable to their prevalence. The damage caused by the 
wood-boring larvae of beetles has only recently received re- 
cognition. Both of these classes of insect are fairly common 
causes of damage to pole timber, and data as to the effect upon 
their incidence of methods of preparing and treating poles are 
therefore worthy of attention. 


TABLE XVI. 
BUFFALO-WARREN LINE DAMAGE TO POLES BY WOOD BORING INSECTS 


No. poles 
| Ко. №. damaged 
Method of No. poles No. poles by wood 
preparation Num- poles dam- poles dam- borers 
applied to ber show- aged show- aged in 1910. 
poles poles ing by wood ing by wood| showing no 
ex- decay borers decay borers |new damage 
posed | to 1910j|to 1910 |to 1913 | to 1913 in 1913 
Green Untreated 200 200 8 200 16 4 
Seasoned  * 350 349 2 350 11 1 
Coated with Таг 48 47 1 48 2 - 
Brush Treated— 
Preservative “F ” 79 59 2 78 3 2 
Brush Treated— 
Preservative “А” 74 10 - 31 1 - 
Brush Treated— 
Preservative “В” 76 11 - 42 1 - 


The results of studies of wood-boring larvae (particularly 
parandra brunnea) have been published by Mr. Snyder.* 
Reference is made to his publications for details concerning 
their attack on poles. For our purposes it is sufficient to note 
that once entrance to a pole is obtained, the larvae bore deeply 
into the heart-wood and consequently where their number is 
large a complete honey combing of the pole cross-section soon 
results. Wood borers have been found both in the Omaha- 
Denver line and the Buffalo-Warrenline. Data relative to their 
attack in the first named line are included.in Table XIII. Data 
from the Buffalo-Warren line are summarized in Table XVI, 


*See Appendix A— Bibliography. 


2 Iv Жа T m - Ы , 
Au ee "X EES ELS [e 
i ..) i PERIT" 
2. е | М hi - >. 
„= Т 5 * , 
! d , (| * Ж » 7 
ж % ж - " 
ur .7 7 "i 4 
ж Ll О 
F жа” 746151 
o "of IMS 
"oe 
Е “. 
- . uo. m | а Е I ' 
* ғ. е Ы 2 ! E ' * 
- ө fe | ^ “ 
3t $ i4 49 ` қ 
{1 . - 13:17. ғ. “+. 
% = Ж -ФА 4 > . 
4 г; T, [| 
4 ETSI “ аз ж. 
4- a sent a 
, t е 4 1. 7 47 "< 
i -” (4 
ef ж 
| ln. | 
> E т < Є р 4 42 » s 
* ~. 7% 
LI “” L | 1 > ? >" >. 
e 7 4. T І 2 9. 
* E ‘J 24 % ^. 2 
я k > > " T 102.» s > r 
, e 7. - - “ » 
' ви т 33H, › Ж 
4 t „=, * 9 ы Ж 4 7 
ч | > bl ы а М! t3 2. 
е ^. ( P ж 7 * 
. > Ы * 4 
175 - | r4 ООО | 
ж E» | + . 
-А 4 6 ..” 2 .. ң 4:44%.! | 
\ ` . .%4, 1. E 2 { Ж 4 
° ^ " ж as 18 · 4 a -- | { .. E 
- . 
* x Ad N^. р [72 | | 
3° өз, 4 чы 1 ES P 
> > 7 5 ‘ Bi ^ "mi. Г 7 ~ ДЫР | 
» r (| 
*s > .. Te 1 І EL AT Т 
” . , 
" ` * 4-.”. is 4! a ‚Я 
4 >.“ 4 Е a ^ 
Ж 24 » p. ы 3 ga 4 г к . 
УЕ es " қ Ж Ж н | | 
соқ ЕЛДА КН ДК Ц 
a EN , “м. 1 „i | 
Үй 47%. 4 ТТ w 1 
* LI ж. i - „2 | Pres 27% т 
б w24 їй 1 n 4 “ 
` .. 2 AP 3 ! с eT I © 
А ' C75 2. `7 "| 
4 "=>. к ) М. | 1 
» 22 | ж и 
” * P D > 4. Г 
Р ^ ” & E : > ра } 3: 
D ‘ әз T “ 9 5. Б |, | 
Е) , 7 4 1 ' ”'* yí | 
“ээ М є 2*7 | 
" 4 E ^" 1 y^ 1 + | 
b А 4 "1 “- "IN d | 
I *: Е 4 1 4 | 
|” ..- sa > ш | 
L «1 a" 1. 1:47 4 1 р { 2 
... % 4 Ts MT T ^ 
* 1 LES E * c T т. a | 
* > ec ' 1% , „2 7 | 
+ D 
к» * ” Р > . n 
E Lj 1 y L] ^ 1 
Жү i > № i | 
ч | "4. t `% | . =‘. | 
- А. Е 5 >. 1 Б | 
» 2 jt | 4, “ » TJ 
“ PI е ` С м 
Р с. "Na P gr. 1 - ® 
% a "ғ = De | ` 
‚м: "b. 4 al к 154; = - 
" - ^ 27 - ~ 
, 2 * -. 
- » «a - ‚а 4 % 
Ld "ve i ^ - ° ы | 
Г] » ~~" 
5 “! ” » t. е > | 
tei 354335 . » 
| = LI у - We 5 
} т A "Ме 4? / 
2 АШМ E ЫЛЫП? 
А: Se a en 
Bie АЫ 4, 1.! 
ЭК i TARERE T 
u* , “. cases 7 4 “е 
* .. . at м 1 t W^ ^ d > 
JU х + c . i -I 4 2 > i: "L| 
‘ $ & * : . 
.” & * 
. LJ а у 
Li * ы hM * 
Т 4 * | ч.) қ 1 4 
* ва > , Fs 4 
3 JUD X 
E А ‚р 3,2 * 
e ы rt ` “ - 
^ s . * - . 
” x ^ ` 1 i , 
ғ , Epi EY 
о - LJ | ` 5 
a Р '„ . \ 
4: Try TORRE * 
a“ » I 6 A - | 
s dis ^ Е ", о 
ET ! ғ б = 
feu i 
у . 5 ГЕ LÀ б » 
s "ч. “ -* 
К Е Т 24. , 
$^ t r ' ЖЕ à 
d ҰЗ” oz! » 
7. ға Ed E 
" “ h 2! Bl А 4 4 
1. | J 
- > ‘ » E 
{ © - E i | | $ 
i? 74 jT 7 > i 
- Г 
м АК ЕЛЫ, =} 
“ . ““! e - А =! Г " | 
Аі . к 4" 
“ .. 
.. - Г] Р 7 
У Ps ^ 
* 4 » +: ”, f 4% 
4% ^: 
( "е. Ат 
' , "- ^9 
- = » - 
” 4 i 
, “ . 
z > 
қ % > 4 , 
2... 178 
»—9 | i. | & › 
дее 
J «TV r ] 
©: | 
4. 
LI . 


2380 RHODES AND HOSFORD: [Oct. 19 


It will be noticed that in the Buffalo-Warren line the damage 
from wood-boring larvae has been almost wholly confined to 
the two untreated groups of poles. The two treated poles 
yielding evidence of damage in 1910 were members of the group 
showing the highest proportion of unsound poles. Of the three 
treated poles first showing signs of damage in 1913, two had 
been noted as unsound in the previous inspection. Larvae were 
found in eight poles in 1910. Two of the eight poles in which 
larvae were found in 1910 were free from signs of wood-boring 
larvae in 1913. In these two poles, the presence of only one 
or two larvae was reported in 1910. It seems probable that 
the cleaning applied to the poles in connection with the in- 
spection caused the removal of the few larvae then present. 

The data givenin Table XIII for the Omaha-Denver line re- 
present the results of the first inspection for condition. Large 
percentages of both treated and untreated poles were found to 
be attacked by wood-boring larvae. The percentage of brush 
treated poles attacked to the total brush treated poles installed 
is a little lower than the percentage of untreated poles attacked 
to untreated poles installed. The percentage of poles attacked 
to poles showing decay 1s, however, higher for the brush-treated 
poles than for the untreated poles. 

Experience with wood-boring larvae has not yet been exten- 
sive enough to establish definite conclusions as to methods 
of inhibiting their attack. The indications are, however, that 
the beetles will not deposit eggs on poles unless they can find 
a soft or decayed spot, so that as long as a treatment remains 
effective it should be counted upon to prevent damage from 
wood-boring insects. 

The principal insect damage found upon the poles placed in 
the Savannah-Meldrim line was due to termites. A few cases 
of attack by termites were also noticed when the Omaha-Denver 
line was examined. Termites do not like direct sunlight and 
in attacking poles consequently begin to cut their galleries a 
little below the outer surface of the timber. А few cases have 
been noticed where outside galleries of cemented sand have 
been built across sections of the pole surface where for some 
reason the wood was not attacked. In a number of cases 
where a pole was badly infested by termites, small numbers 
and a slight attack were noticed at adjacent poles, suggesting 
that the large colony gathered about the heavily attacked pole 
may have extended its sphere of influence to neighboring poles. 
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No cases were noticed of termite attack upon the thin outside 
layer of brush treated poles in which the preservative is located. 
The tendency of the insect to avoid the light, however, would 
result in leaving untouched a surface laver of wood of approxi- 
mately the thickness of the treated laver. In a number of 
cases termites were found in small decaved spots where the 
initial failure of a brush treated pole had taken place. The 
relation of these spots to small checks and other openings in 
the treated laver has already been discussed. No direct evi- 
dence was obtainable as to whether the decay-producing organ- 
ism or the termites first entered such poles. 

The summarized results of the first two inspections of the 
Savannah-Meldrim line show that 38 per cent of the unsound 
treated poles bore evidence of the attack of termites, while 
37 per cent of the untreated poles gave evidence of such attack. 
Owing to the substantial reconstruction of untreated poles 
which followed the 1910 inspection this statistical comparison 
cannot be continued for the following years. The equality in 
the percentages of decayed untreated poles and decayed treated 
poles which were infested by termites suggests, however, that 
termites follow the decay. In support of this conclusion it 
is also to be noted that there were a number of cases where 
sound brush treated poles were located between two untreated 
poles, both of which were badly infested by termites. The 
indications are, therefore, that treatment retards the attack 
of termites, and that the retardation is probablv due to de- 
laying the beginning of decay. 

Some instances, however, of termites attacking treated wood 
were noticed in the inspection of the whole length treated pine 
poles in the Montgomery-New Orleans line. This attack 
came after the poles had been exposed to the action of the 
weather for many years and suggests that ultimately changes 
may occur in treated wood which permit termites to work upon 
it. With brush treatments, however, which give only light 
penetrations, the available information indicates that in the 
average case deterioration will set 1n much earlier than it does 
with the heavier treatments. The evidence just cited indicates 
that brush treatments may have a direct effect in preventing 
the attack of termites. The heavier treatments would, of 
course, produce the same effect as the brush treatment, but 
may lose their power of inhibiting termite attack before the 
power to inhibit decay is gone, 
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CONCLUSION 

Because of the present incomplete stage of our experience 
with the different types of treatment described, conclusions can 
be reached for only a part of the problems whose solution was 
sought. The seasoning of poles offers at best only moderate 
advantages in the way of increased life. Its greatest value is 
as a preparation for the successful application of preservatives. 
The practise of applying to poles preservatives high in anti- 
septic power and insoluble in water has been shown to yield 
increased life. The amount of preservative applied and the 
depth to which it is made to penetrate appear to exercise con- 
trolling influences upon the results obtained. Mechanical 
failure of the treated layer is indicated as the principal limit 
to the effectiveness of light applications of preservatives. 

In closing we wish to acknowledge our indebtedness to Mr. 
E. B. Griffen, for his assistance in carrying out the work of 
inspection and analyzing the data obtained; and to Mr. C. C. 
Fritz and Mr. H. D. Cutler, who have also assisted in obtain- 
ing the data on which our contribution is based. For careful 
attention to the analyses and other chemical work connected 
with the studies of treated poles we are indebted to Mr. G. O. 
Bassett and Mr. Н. С. Walker. We also gratefully acknowledge 
our indebtedness to many past and present members of the 
Forest Service and to the representatives of the Bureau of 
Entomology who have taken part in the experiments with 
treated poles. 
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APPENDIX B 


ANALYSES OF PRESERVATIVES 


WHOLE LENGTH TREATMENTS 


Numerous analyses of dead oil of coal tar supplied for the whole 
length treatments were made in the case of both groups of poles under 
observation. As it is not possible to indicate any relation between 
the dead oil of coal tar covered by a specific analyses and any particular 
pole installed, only averages of all of the analyses made are given. 

Washington- Norfolk line. Twenty-eight analyses were made of the 
dead oil supplied for treating poles used in this line. The average of 
the results of these analyses is as follows: 


DisTILLATES 

Loss— water, etc., to 170 deg. cent............... 1 per cent 

170 deg. cent. to 205 “ Hp or PPM ) Ue Us 

205 * 4 10210 “ uM TIT IE d: We os 

210 “ “ {о 235 “ ee ae Dd er te 45 “ 4 

235 “ “ to 240 “ ея ү. = # 

240 “ “to 270 “ СРЕ 7 lo “ * 

270 “ * 10316 “ есе несе 9g. 4 
Residue above 316 deg. сеп{.................... lo ^ * 
Naphthalene 

205 deg. cent. to 235 “ ее 49 “ “ 
Oil not distilling below 

270 “ НИТ 25 “ “ 

Spacthc-gravityis см ры deae амо dee at 1.022 
Melting рош bos ERGO EVI e Eu d SAY S 36 deg. cent. 


Boiling роіпё.....,,,....... (deu n e perc Ane ee 70 deg. cent. - 
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Montgomery-New Orleans line. 


the dead oil supplied for treating poles used in this line. 


of the results of these analyses is as follows: 


[Ос+. 19 


Thirty-eight analyses were made of 


The average 


DISTILLATES 
Loss— water, etc., to 170 deg. cent а ‚О per cent 
170 deg. cent. to 205 * -. “............ .0 4 4 
205 “ to210 ©“ MC p 0 “ “ 
210 “ 4 10235 “ ИИТ 46.0 “ “ 
235 “ “ to240 “ ИНОЕ у, 
240 “ “ (0270 “ о падая 13.0 * * 
270 “ “ to316 “ ани 0 “ c 
Residue above 316 * ТОТУР 16.0 “ “ 
Naphthalene 
205 deg. cent. to 235 “ MS Peak NOS ape СУ" 50.0 “ “ 
Oil not distilling below 
270 “ Еа 22.0: 50-75 
Эреспештаупуы pda vae raa ved Ma ea AS Qr eR 1.03 
Melting: DOLI tansa XA eo tate eee ag dde 38 deg. cent. 
Boiling point..... 107 deg. cent. 


Встт TREATMENTS 


Most of the detailed analyses of the preservatives used for brush 
treatment were made on samples representing material applied to poles 


placed in the Savannah-Meldrim line. 


There is no reason for bcliev- 


ing, however, that the composition of the preservatives supplied for the 
Buffalo-Warren line differed appreciably from that of the analyzed 


samples. 


Savannah- Meldrim line. 


PRESERVATIVE À. 


Series I 

Specific gravity at 17 deg. cent......... 1.121 
Flashing ротасы ied eee ae Ss 137 deg. cent. 
Burning point.... MET . .164 deg. cent. 
Distillates: 

GOSS st sache bleu a edet ens 0.19 per cent 

Below 235 deg. сепі................ 0.41 

From 235 deg. cent. to 315 deg. cent 29.16 * 4 

Residue above 315 deg. cent......... 70.24 “ “ 

Solids, 1.7 deg. | to 4.4 чы сеп{. . Мо separation 

Tar acids.. 1.12 per cent 


Mineral matter ы ыр ТЛ ызы а а 0.16 “ 


PRESERVATIVE В 


Series I. 
Specific gravity at 17 deg. cent......... 1.134 
Flashing рош аы cH EXIT 135 deg. cent. 
Burning роіпӛ....................... 163 deg. cent. 
Distillates: 
Loss.. . 0.13 per cent 


Below 235 deg. cent. .... 0.35 “ 

From 235 deg. cent. to 315 deg. cent. 28.84 “ 4 

Residue over 315 deg. cent. 10.68 “ 4 
Solids, 1.7 deg. cent. to 4.4 4 deg. cent. .. No separation 
Tar acids.. ‚....... 1.30 per cent 
Mineral matter... 0.3] “ “ 


Series II. 
1.122 

137 deg. cent. 
168 deg. cent 


0.22 per cent 
0.61 


9697 “ “ 


72.20 “ “ 

No separation 
1.16 per cent 
0.05 “ 


Series II. 
1.134 

135 deg. cent 
162 deg. cent 


0.19 per cent 


0292-5207 
30.10 “ “ 
69.40 “ “ 


No separation 
1.30 per cent 
0.47 “ “ 
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PRESERVATIVE C 
Series I. Series II. 

Specific gravity at 17 deg. cent......... 1.032 1.031 
Flashing роїпї....................... 90 deg. cent. 90 deg. cent 
Burning роїп{....................... 99 deg. cent. 101 deg. cent 
Distillates: 

OSS ТТР ТК КЕТСЕ 0.65 рег cent 0.53 per cent 

Below 235 deg. cent. 15.14 “ 14.97 “ 

From 235 deg. cent. to 315 deg. cent. 26.23 * “ 25.60 “ <“ 

Residue above 315 deg. cent......... 57.98 “ “ 58.90 “ “ 
Solids, 1.7 deg. cent. to 4.4 deg. cent. .. No separation No separation 
Тары еее ..15.4 per cent 0.02 per cent 
Mineral matter...................... 0.14 “ “ 16.3 “4 * 

PRESERVATIVE E 
Series I. Series II. 

Specific gravity at 17 deg. cent......... 1.035 1.035 
Flashing роїпї....................... 115 deg. cent. 111 deg. cent 
Burning роїп{....................... 129 deg. cent. 123 deg. cent 
Distillates: 

Loss.. +++ +++ 0.29 per cent 0.51 рег cent 

Below 235 deg. сеп{................ 2.51 “ 3.65 

From 235 deg. cent. to 315 deg. cent. 26.00 ^ “ 24.74 4.4 

Residue at 315 deg. cent............ 71.20 “ “ 71.10 “ “ 
Solids, 1.7 deg. cent. to 4.4 deg. cent. .. No separation No separation 
Taf acids ое 13.7 per cent 11.8 per cent 
Mineral таќїег...................... 0.04 “ “ None 


PRESERVATIVE F 


Series 1. 
Specific gravity at 38 deg. cent......... 1.007 
Distillates: | 
Below 170 deg. сепі................ 26.66 per cent 


From 170 deg. cent. to 205 deg. cent. 17.39 
From 205 deg. cent. to 210 deg. cent. 9.27 “ “ 
From 210 deg. cent. to 235 deg. cent. 25.92 “ “ 


From 235 deg. cent. to 240 « a 

From 240 deg. cent. to 270 « 15.98 “ “ 

From 270 deg. cent. to 300 “ “ 

Above 300 deg. cent................ 4.24 “ “ 

(РЛАР МРТ ik M hk hoe cos o sen 0.54 “ “ 

о РРР doque Ro eon d 100.00 per cent 

МарһҺШа1їепе.........................85,19 “ “ 
Water.. а С. 20. SeS 
Tar аса а ро нео 19 Е: 
NOLO рор dine ЕДЫ ЫДЫ Sticks and other 


foreign matter 
present. 


Series II. 
1.005 


96.90 per cent 


0.00 “ “ 
0.00 “ “ 
0.15 * = 
0.85 “ * 
2.00 “ “ 
100.00 per cent 

None 

90. lio 

1 [^] « 

Sticks, sand, 

and other 


foreign matter 
present. 
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DEAD OIL OF COAL TAR 


Series I. Series IT. 
Specific gravity at 38 deg. cent......... 1.035 1.035 
Distillates: 
Below 170 deg. cent................ 0.17 per cent 0.09 per cent 
From 170 deg. cent. to 205 deg. cent. 1.25 “ “ 0.70 
From 205 deg. cent. to 210 deg. cent. 1.14 ^ “ 0.74 “ “ 
From 210 deg. cent. to 235 deg. cent. 43.96 4 “ 45.92 “ * 
From 235 deg. cent. to 240 deg. cent. 6.66 “ “ 6.12 " “ 
From 240 deg. cent. to 270 deg. cent. 19.48 “ “ 20.03 “ “ 
From 270 deg. cent. to 300 deg. cent. 10.07 * “ 9.61 * “ 
Residue above 300 deg. cent......... 17.00 ^ “ 16.30 * “ 
e E td aaa ан 0.27 У 0.49 “ * 
Тосап ооочень 100.00 per cent 100.00 рег cent 
Марһіћаіепе.........................45.10 ^ * 46.60 “4 * 
Liquid аб............................38 deg. cent. 38 deg. cent. 
Тагасы аср ee ewes Ss 9 percent 8.3 per cent 
Water. t o н eI None None 


Buffalo-Warren line. 
Dead Oil of Coal Tar used in Butt Treatment Tanks, Mt. Arlington, 
N.]. Sample represents oil in the tank during third run, June 17, 1905. 


Specific gravity at 38 deg. cent...... РОИ ТОЕ 1.018 
Condition at 38 deg. сепіё...................... Liquid 
FRACTIONATION | 
Fraction No. 1 to 170 deg. cent. Е . 0.09 рег cent 
% “ 2 170 deg. cent. -205 deg. cent..... 1.00 “ 
ч “ 3 205 deg. cent.-210 deg. cent..... 1.19 “ * 
4 “ 4 210 deg. cent.-235 deg. cent..... 34.99 “ “ 
“ “ 5 235 deg. cent.-240 deg. cent..... 7.57 “ “ 
А “ 6 240 deg. cent.-270 deg. cent..... 23.48 " “ 
* ^ 7 270 deg. cent.-300 deg. cent.....11.50 “ “ 
Қ 4 8 Residue above 300 deg. cent......19.78 “4 “ 
Total per сепі................ Е 99.60 “ “ 
Loss per Centieni rered rrera з Фар ааа 0.40 “ * 
Naphthalene: ccs bx ceca о 36.18 “ “ 
Oil not distilling below 270 deg. cent............ 31.28 “ «© 
а p None 
пагас EU Lm 48 * * 


Omaha-Denver line. 

DEAD OIL OF CoaL TAR USED АТ ESCANABA, MICHIGAN. 
Condition of Oil at 38 deg. сепі.................. Solids Separate 
Liquid at 42 deg. cent. Specific Gravity at 42 deg. cent. ..1.028 


FRACTIONATION 
1. to 170 deg. cent...............None 
2. 170 deg. cent. to 205 deg. сепї............... 
3. 205 deg. cent. to 210 deg. cent............... 0.81 per cent 
4. 210 deg. cent. to 235 deg. сепё............... 56.80 
5. 235 de; cent. to 240 deg. cent............... 5.88 48 % 
6. 240 deg cent. to 270 deg. cent...............15.78 “4 “ 
7. 270 deg. cent. to 300 deg. cent............... qudd. Me cM 
Residue above 300 deg. сепї................... 13.10 “ “ 
Total Per сеп оо edel a a ded 99.69 “ “ 
Loss per сёй б гени das baba hs v 0.31 “ ©“ 
АА А ӨГ rere None 
Naphthalene: wigs 250626 neue паи 57.61 per cent 


Tar ACIS ооо SA E DUANE a ee ықы A 10.7 “ 


м=р 


2% 


г № к 
„коң“... 
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DEAD Оп. or Солі TAR USED FOR BRUSH TREATMENTS ІМ NEBRASKA ИУ НАЕ, 


]!, бр. "EU NWWETOIVELXTUTTÉZA фон ele ш. Brae э аа 1.056 ИС. т ун r x са m. Д 
2. Е uidity sieves an э-н» к temas Liquid at 38 deg. cent. ата 


44% 


. 
' “.. è + 
. 


М 


. 
4 в = 
LJ . LJ LJ 
Pen еге ull NT e a чанду 
қ А 
5 . 


Digitized by Google 


NC 


3. Distillation of 100-gm. sample EC wr Sats 
ІЗІ UO PPM None I АРУ a 
у) DOD FSS socks exa eet iR et DP Haas heres 11.39 per cent КР Фе Е 
с) ооо оби 79.68 ЕА E. ү e^. "sg ! ЁЗ 
UD Nendus above ДИ. с «плана Soft and plastic P qax. а Ы, 
Е ИСИ есле Зз ЕЕ КҮ ҮЕ None 4... ery, чы Ж > 
OQ ocio МИМ сала 5225204 rq pe 3.00 per cent E ILLU ME A 
Sulphonation гевідде....................... None Ys es Сон 
DIMEN DOE a oq kk ia kine eva eu аач 98 deg. cent. ЕН АСТА ENS 
Burning роїпї.. Е ye GODE: ey, Mc MEE 
"^e AUT MUS. 
PRESERVATIVE A (USED FOR BRUSH TREATMENTS IN NEBRASKA) А ist. М ть. dà co 
(a) Spee: жаты Сз азил ер КЫ avers 1.11 "UNT E Wi 
(b) Flashing роф. аа t 138 deg. cent. ee аро, 
(с) Burning ПОЕ аага аа оа ако сое. беле P a К 
Fractional Distillation: № 
Distillate up to 235 deg. cent............... 1.28 per cent Л Ae RE MEET 
“ — between 235 deg. and 300 сер cent... 3.16 per cent jó dr 4 DN REM 
Residue above 300 deg. cent. үй 95.5 Me OES ҒАУ 
FROID оО Fluid at 38 deg. cent. oe, CBE Ыт» ш 
Еа 525225 9k 4 дааа КҮҮН 0.1 рег cent Ж УЧА И 
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THE REPULSION START INDUCTION MOTOR 


BY JAMES L. HAMILTON 


ABsTRACT OF PAPER 


The repulsion start induction motor for single-phase current 
has come into considerable prominence during the last 10 or 15 
years as is fully attested by the large number of motors of this 
{уре now in operation, and by the increasing demand and рго- 
duction. While there is considerable literature available on 
the subject of repulsion motors both compensated and non- 
compensated and on induction motors, there is comparatively 
little information available on the repulsion start induction 
motor which is really a combination of two distinct types of 
motors. 

The objects of this paper are: 

1. To set forth the general characteristics of this type of 
motor and compare them with similar characteristics of direct- 
current motors and other alternating-current motors. 

2. To outline a definite and commercially practicable method 
of studying the electrical design of existing motors and of pre- 
determining the electrical design of new or proposed motors. 

3. To discuss the mechanical design and construction. 


1—GENERAL 


HE REPULSION start induction motor may be described 
briefly as consisting of a field or stator of laminated 
toothed construction having a single winding, usually of the 
pyramidal type, wound thereon and connected to the supply 
circuit; a progressively wound armature or rotor with a com- 
mutator and having brushes which bear on the commutator 
during the starting period, the brushes being removed from 
the commutator and the armature winding short circuited 
through the commutator after the armature has obtained 
sufficient speed. 

This type of motor therefore starts as a simple repulsion 
motor without compensating or auxiliary windings and operates 
as a simple repulsion motor until a predetermined speed has 
been attained at which time the armature winding is short 
circuited through the commutator and the brushes lifted. The 
motor then operates as a simple induction motor with an 
armature equivalent to the squirrel cage armature. 


Manuscript of this paper was received August 30, 1915. 
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The straight repulsion motor without compensation gives 
the most efficient starting torque possible and the single-phase 
induction motor with the squirrel cage armature or its equiv- 
alent gives the simplest and most efficient motor when running, 
hence the rapid development of this type of motor with its 
desirable characteristics throughout. 

The discovery that a single-phase motor with armature, 
commutator and brushes as described above would start and 
operate without any electrical connection to the armature was 
made by Elihu Thomson, and the experiments leading up to 
this discovery are described by him in the United States Patent 
No. 363,185 issued to him May 17, 1887 and later patents 
issued in that year and following years to Thomson and others. 


Fic. 1 Fic. 2 


These early patents describe a motor which started and oper- 
ated on the repulsion principle by short circuiting a number of 
coils in favorable position with regard to the field magnetism by a 
comparatively wide brush as is shown in Fig. 1. This plan, 
as is well known, has the disadvantage of using a part of the 
armature coils only at any instant. It was soon discovered 
however, that the entire armature winding could be used to 
advantage by employing comparatively narrow brushes and by 
connecting these brushes together as shown in Fig. 2. 

It may be observed Бу referring to Figs. 1 and 2, the direc- 
tion of rotation will be diferent in the two types of motors 
and that the coils short circuited by the brushes as shown in 
Fig. 2, exert a torque opposite from the direction of the torque 
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of the armature as a whole, and therefore the number of coils 
short circuited in practise are kept to a minimum by using a 
comparatively large number of commutator segments and 
narrow brushes. 

Objection has been raised to the term '' repulsion " as apply- 
ing to this type of motor. The word “ repulsion " motor will 
be used here however as it is a well known term and engineers 
in general understand that the fundamental principles causing 
torque in this type of motor are the same as in all types of direct- 
current or alternating-current motors; that is, that a current 
in a wire at right angles to and situated in a magnetic field tends 
to move out of that field, the direction of motion being well 
known when the direction of the magnetic field and the direc- 
tion of the current in the wire are known. 

Little was done on the repulsion tvpe of motor in a com- 
mercial way for several years after these fundamental patents 
were granted, due to the limited demand for alternating-current 
power motors and due more particularly to the fact that about 
the date of these fundamental patents on repulsion motors, 
it was discovered and patents were granted showing that a 
single-phase motor having a squirrel cage armature could be 
started by a double winding on the field which gave a form of 
rotating field. This type of motor is now the well known split- 
phase alternating-current motor. This latter type of motor 
without the auxiliary winding is the kind of induction motor 
which we have in the type of motor under discussion when it 
is up to speed. 

Most engineers in this country and abroad, as is shown by 
the electrical literature following the dates of these funda- 
mental repulsion patents considered the split phase motor with 
its substantial armature better and more satisfactory as a basis 
for developing a single-phase power motor. 

During the period of 1894 to 1900 the demand for a prac- 
ticable single-phase power motor having good starting torque 
and efficiency, and at the same time good running torque and 
efficiency, caused some of the engineers in this country to take 
up actively the question of developing a commercially satis- 
factory single-phase motor. They realized that the repulsion 
motor had the starting characteristics so much desired and 
that the single phase induction motor with the squirrel cage 
armature or its equivalent possessed the desirable running 
characteristics, that is, a definite limiting or synchronous speed 
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and comparatively small slip or dropping off of speed under 
load and the absence of brushes on the commutator when 
-the motor is up to speed. | 

The repulsion start induction motor came into commercial 
prominence about the period of 1895 to 1900 first as a hand 
start or manually operated motor when starting and later in- 
genious devices for automatically performing this function 
were developed. During the period of 1900 to the present date 
no radical improvements have been made with reference to 
this type of motor. However, it has been consistently im- 
proved in all of its electrical and mechanical details until at the 
present time it is doubtful if any other alternating-current or 
even any direct-current motor is more satisfactory alike to 
manufacturer, central station and user. 

Torque Efficiency at Start. As the starting efficiency of 
an alternating current power motor is one of the most interest- 
ing points for discussion, the starting efficiency of this type of 
motor will be considered and comparisons made with direct 
current motors, polyphase motors and other types of single phase 
motors. 

Table I gives the starting torque in per cent of the full-load 
torque, starting current in per cent of full-load current, per 
cent of full-load torque at start for 100 per cent full-load cur- 
rent and maximum pulling torque in per cent of full-load torque. 
As may be noted from these data, the direct-current shunt or 
compound motor, the two- and three-phase wound rotor in- 
duction motor with resistance in rotor at starting, and the 
repulsion start induction motor have very much the same 
starting efficiency, and all other types of alternating-current 
motors are inferior particularly the two- and three-phase squirrel 
cage of the larger sizes and the single-phase motor of the split- 
phase type, so that the repulsion start induction motor com- 
pares very favorably in regard to starting efficiency with the 
best type of direct-current or alternating-current motors avail- 
able. The central stations are favorably inclined toward this 
type of single-phase motor as it causes a minimum line dis- 
turbance, and it is quite usual nowadays for central stations 
to limit the starting current of single phase motors to 300 per 
cent of full-load current for motors up to and including 5 h.p. 
and to limit starting current to 150 to 175 per cent of full-load 
current for 72 h.p. and larger. While starters are not required 
for any size of repulsion start induction motor up to 50 h.p., as 
they take not over 300 per cent full load current at starting, 
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however, it is quite usual to use a resistance or compensator 
starter for sizes of 74 h.p. and larger so as to cause a minimum 
of line disturbance. 


TABLE I 


Starting tor- | Starting cur-|Per cent full) Maximum 


Kind of motor. que in per rent in per | load torque pulling 
cent of full | cent of full- | for full load | torque in per 
load torque. | load current current cent of full- 

load torque. 

Small d-c. comp. without 

starter. }h.p.andsmaller...... 350 450 78 275 

Small d-c. shunt without starter. 

ł h.p. and smaller............. 250 450 55 200 
Large d-c. comp. with starter. 

$h.p.and 1агдег............... 200 170 118 300 
Large d.c. shunt with starter. 

} h.p. and 1атвег............... 180 170 106 225 

Small two- and three-phase 

squirrel cage ind. motors with- 

out starter. }h.p.and smaller.. 215 475 45 225 
Two- and three-phase squirrel 

cage ind. motors without starter. 

$ h.p. and larger............... 225 550 41 225 
Two- and three-phase wound 

rotor ind. motors with resistance 

in rotor for starting. 5h.p. and 

Өресі «ты ааа 150 150 100 225 
Single-phase ind. motor split 

phase start, upto $ h.p......... 220 500 44 225 
Single-phase ind. motor with 

clutch and with hand or auto- 

matic start, for cutting res. and 

reactance in and out of circuit, — 

ирїо15һзр................... 140 250 56 150 
Single-phase strongly compen- 

sated repulsion motor up to 15 

Dios о д сыла ed 225 500 50 275 
Single-phase weakly compen- 

sated repulsion motor up to 1 h.p 360 270 133 300 
Single-phase repulsion start 

ind. motors 1/10 to 1 h.p. inc.. .. 450 260 175 225 
Single-phase repulsion start 

ind. motors, $ h.p. and larger... 335 270 125 175 
Single-phase repulsion start 

ind. motor, 74 h.p. and larger 

with resistance starter.......... 100 170 60 175 
Single-phase repulsion start 

ind. motor 7$ h.p. and larger, 

with compensator starter...... 100 100 100 175 


With a resistance type of starter this motor causes a little 
greater line disturbance, and with a starting compensator causes 
substantially the same line disturbance, as does a direct-current 
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motor with a starter. Тһіѕ їуре of motor like the direct-current 
motor in all sizes will bring up to speed promptly a load from 
125 to 150 per cent of full-load torque. 

Weight, size and cost. The weight and size of the repulsion 
start induction motors are substantially the same as for direct- 
current and other types of alternating-current motors. There 
are considerable differences in the weights and sizes of any 
two lines of the same kind of motors due to different manu- 
facturers emphasizing certain features of design, such as staunch- 
ness in one case and lightness and compactness in another case. 
The cost of this motor is not materially different from the cost 
of a similar size and construction of direct-current motors or 
other types of alternating current motors. The installation 
cost of a multiphase motor of a given capacity is substantially 
greater than that of a repulsion start induction motor of the 
same size on account of the increased line construction, the 
multiphase motors requiring at least three wires and on account 
of increased transformer cost which will average about 30 per 
cent greater than the transformer cost for the single-phase 
repulsion start motor. The transformer losses will be about 
25 per cent greater for the multiphase installation than for the 
repulsion start induction motor installation. 

Use and field of application. This motor, possessing as it 
does high starting torque characteristics, is well adapted for 
operating such apparatus as requires large starting torque, 
that is, pumps starting under full head, air compressors start- 
ing under a maximum pressure, rock crushers which are equipped 
with the necessary fly wheel, baker's machinery where the tub 
is full of dough ready for final mixing, meat choppers, coffee 
mills which have been stopped with the burrs full of coffee, etc. 
These motors because of their not requiring a starter are well 
suited for operating vacuum cleaners, pumps which are con- 
trolled automatically, sewerage disposal pumps; and are т 
extensive use for the operation of organ blowers, and heating 
and ventilating apparatus because they can be started from a 
distance and because they start quickly, and the brushes being 
removed from the commutator after attaining speed makes it 
possible to produce exceedingly quiet and smooth operating 
motors of this type. 

The central stations are objecting more and more to the split- 
phase motors on their circuits on account of the large starting 
current, even in sizes of 1 h.p. and smaller. 
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As the result of the demand for small fractional horse power 
motors which may be operated on all lighting circuits with no 
inconvenience to the lighting service, repulsion start induction 
motors have recently been developed and are now on the market 
in all sizes down to 1/10 h.p. and are rapidly replacing the 
split-phase motor for operating small coffee mills, meat choppers, 
house pumps, etc. 

The field for the application of this type of motor is therefore 
almost unlimited, and it is being used extensively not only in 
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this country but in practically all foreign countries where 
alternating-current systems of distribution are used. 


2—ELECTRICAL DESIGN 


Analysis of 5 h.p., 104/208 volt, four-pole, 1750 rev. per min., 
60-cycle motor. In analyzing an existing motor it is well to 
make an accurate load test if practicable to check the calcula- 
tions, taking sufficient readings to be sure of the performance. 
A running idle magnetization test should be made beginning 
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with a voltage somewhat above normal and reducing the volt- 
age, taking readings at suitable intervals until the voltage is 
reached where the current begins to increase. A further de- 
crease in voltage causes the motor to stop. The blocked satura- 
tion test is made by short circuiting the entire commutator by 
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VOLTS 
Fic. 5--ВіоскеЕр SATURATION CURVES—5 H.P.—208 VoLT—60 CYCLE 
Моток 


some convenient method and beginning at а low voltage read 
watts, volts, and amperes to motor, taking readings up to full 
voltage of motor, or as near full voltage as is practicable. 
The results of load test, running idle magnetization test, and 
the blocked saturation test, are shown in Figs. 3, 4 and 5 re- 
spectively, the observed points in each case being indicated. 
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Motor Data 


48 field slots; 61 armature slots. 

Field winding 43 coils per pole of 22 turns of No. 11 wire 
in each coil, connected in series parallel on 208 volts. 

Resistance of field on 208 volts = 0.287 ohms. | 

Armature winding 122 coils of 3 turns of No. 12 wire in each 
coil. 

Diameter of field punching = 13 in. 

Bore of field punching = 81 in. 

Net amount of iron = 5X 0.95 = 4.75 in. 

Single air gap = 0.035 in. 


Winding Constant Calculations. 
Central or 1st coil 1 X18 = 18 


2nd “ 1 x25 = 25 
за “ 1 X30 = 30 
4th * 1x33 = 33 
Outside 3 coil 1 X34 = 17 
123 
TY 123 
Winding constant = тх 0.805 


The voltage on each рае is 104. 
The number of turns on each pole is 43 Х 22 = 99 


104 х 108 


4.44X60 99 X0.805 ^ 190,000 lines 


Flux per pole = 


1 

Flux in central field tooth = ы X 490,000 = 65,000 

The above winding constant calculation, it will be observed, 
is based on the theory that the magnetic flux in the various 
teeth is proportional to the ampere turns surrounding those 
teeth. If we assume a sinusoidal flux distribution and de- 
termine the winding constant by integration we will get a wind- 
ing constant of 0.786 in this case, and flux per pole and flux 
in central tooth of approximately the same values as were 
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obtained above. The writer has found this method of getting 
the winding constant very simple and reliable. 


MAGNETIC CIRCUIT CALCULATIONS 


Amp. 

Width |Length| Arca Length| turns | Атр. 

Section in in in sq. | Flux [Density of per |turns 
inches inches [inches circuit | inch 


——— | ee |—— | || —————— 


Field teeth......... 3/16-Min. | 4.75 0.89 |65000 | 73000 | 2-3/16| 3-1/2] 8 
1/4 -Aver.| 4.75 1.07 165000 | 60600 
Field yoke.......... 1-1/4 4.75 5.94 |245000| 41300 | 9.24 22 20 
Arm. teeth......... 7 /64—Min. | 4.75 0.52 151200*| 98500 | 1-3/4 119.5 34 
9/64-Ахег.| 4.75 0.668|51200%| 76700 
Amn. уоКе.......... 1-5/16 4.75 6.24 1245000] 39300 | 4.25 2.0 8.5 
Air gap per tooth.. ./15/32 5 2.34 |65000 | 27800 | 0.070 609.01 


Total 679.5 
field slots 


48 
— X flux per field tooth = — Х 65,000 = 51,200 
arm. slots 61 


tAmpere turns absorbed in air gaps = 0.313 X 27,800 X 0.035 X 2 = 609 


*Flux per armature tooth = 


The magnetizing current required to produce this flux is 


679.5 


2 x 98 х 0.707 = 2.43 amperes. 


Since there are two parallel circuits through the field we 
have 2 X 2.43 = 4.86 amperes magnetizing current for main 
field. 

In a single-phase induction motor the cross field magnetizing 
current (corresponding to the magnetizing current in phase 2 of a 
two-phase motor) 1s also carried by the one winding and in a 
motor of this size the cross field can be assumed to be 95 per 
cent of the strength of the main field we have for total magnetiz- 
ing current on 208 volts 


4.86 Х 1.95 = 9.48 amperes 


which checks substantially with the magnetizing current of 
9.25 amperes observed on this motor. 

The strength of the cross field of the single-phase induction 
motor may be determined by placing exploring coils in position 
corresponding to position of phase 2 of a two-phase motor and in 
this way it will be found that when the motor is running idle 
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the cross flux will be about 90 per cent of the main flux for 3-h.p. 
motor and about 95 per cent for 5-h.p. motor, and less than 90 
per cent for motors smaller than 3 h.p. and greater than 95 per 
cent for motors larger than 5 h.p. 

As the air gap reluctance is always a very large percentage of 
the total reluctance of the magnetic circuit it is well to exercise 
considerable care in determining the effective arca of air gap 
per field tooth and also the length of the air gap or clearance. 
Experience shows that the effective width of the air gap per tooth 
1$ obtained very closely for partially closed slots in field and arma- 
ture when 35 to 40 per cent of one field slot opening is added to 
the actual width of the field tooth at air gap. The dimension 
15/32 in. of width of air gap per tooth given above was obtained 
by adding 37.5 per cent of one slot opening to width of iron of one 
tooth at air gap. The length of the air gap per tooth along the 
shaft should be the gross length of iron in motor exclusive of 
ventilating ducts. 

Circle diavram and calculation of performance. The data for 
getting the armature resistance and the running idle and blocked 
points for a circle diagram are taken from the idle magnetization 
curves Fig. 4 at 208 volts and the blocked magnetization curves 
Fig. 5 at 208 volts and is calculated as follows: 


: | 
| | , Res. of | Power 

Watts | Volts Amps. | Cos « 1р? Кр 1:2 К; arm. іп | com- 
| ohms | ponent 


аа |— ———M | ———d— д |MMMÁÁ — 


Idle... ba Vs uw eh 310 208 9.25 | 16.1 24.5 12.5 1.49 
Blocked... 5455 4% 7720 208 ‚94.5 39.2 2560 5160 | 0.577 37. 


The circle diagram can now be constructed. 

The running idle point of the circle diagram is therefore on an 
arc of 9.25 amperes and at a height of 1.49 amperes. Тһе blocked 
point is оп an arc of 94.5 amperes and at a height of 37 amperes. 
The circle can now be drawn, the center being on a horizontal 
line passing through the running idle point and the circle pass- 
ing through both the running idle point and the blocked point 
as shown in Fig. 6. 

The armature resistance now being known the various losses 
of the motor running idle can be separated and plotted as is 
shown in Fig. 4. The extension of the observed watt curve to 


^ th 


2400 HAMILTON: INDUCTION MOTOR [Oct. 19 


zero voltage gives the friction and windage losses. In calcula- 
ting the armature or secondary copper loss one half of the primary 
current for that voltage is used, for, as we have previously stated, 
the current in the armature running idle is the cross magnetiz- 
ing current and is therefore approximately one-half of the total 
field or primary current. The loss remaining after the other'losses 
are subtracted from the observed loss gives what we will call 
“added ” iron loss. This subject of “ added " iron loss is of 
sufficient importance to be given separate consideration which 
will be done later on in this paper. 

The free magnetization curves with the losses separated, Fig. 
4, gives one at a glance the various losses in the motor running 
idle at different voltages on the motor, and therefore the action 
of the motor with different strength of windings. Lines showing 


‚ | | Max. Torque 
Max. Horse Power 


“Мах. Efficiency” |. 
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Fic. 6—CiRCLE DiAGRAM—5, H.P., 208-VoLT, 60-CycLE MOTOR 


the densities of different parts of the magnetic circuit may be 
drawn on this free magnetization curve if desired. 

We may now proceed to calculate the complete performance 
of this motor as follows: 

Columns 1, 2 and 3, as indicated, are taken from the current 
locus or circle diagram of the motor in the usual way, it being 
remembered that the secondary current is to be taken or measured 
from the point half way betwcen the origin and the running idle 
point. 

The item 273 at head of column 7 is the sum of the iron losses 
(transformer and ‘‘added"’) 129 watts and the friction and wind- 
age loss of 144 watts. 

Item 12.5 at the heading of column 12 is the copper loss in 
armature running idle. 
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The calculated performance curves can now be plotted on the 
curve sheet Fig. 3 with the points which were plotted from the 
observed load test. The observed and the calculated perform- 
ance check Sufficiently close for all practical purposes and апу 
slight differences are due among other things to the difficulty 
of observing with precision the performance of a motorby loading, 
and due to it being almost impossible to eliminate changing 
temperature conditions which affect the performance to a con- 
siderable extent. 

We now know the performance at various loads and the 
various losses in the motor at those loads with as great an ac- 
сигасу as is consistent with the nature of the problem. 


IRoN Loss CALCULATIONS 
The iron loss calculation is given below. 


Field Teeth Field Yoke 
— | Total Per Total 
Loss Loss calc. cent observed 
Weight | per lb. Loss Weight | per lb. Loss loss added loss 


18.7 1.75 32.7 65.6 0.68 


The weight of the field teeth and the weight of the field yoke 
can be obtained with sufficient accuracy by calculating the 
volume of iron in teeth and yoke, and knowing the magnetic 
densities in these parts, and taking the loss per lb. from a loss 
curve of the iron used, we get the total calculated or transformer 
iron loss of 77.7. The total observed loss is taken from the idle 
magnetization curves. This loss was found to be 129 watts, 
which is 66 per cent more than the transformer loss for this motor 
and we have called it “ added ” iron loss. 

'" Added ” iron loss is a very profitable and interesting phenom- 
enon for study but we can only touch on this subject here. The 
principal cause of the added iron loss seems to be the high fre- 
quency ripples in the magnetic flux caused by armature teeth 
and gaps sweeping by the field teeth and gaps. The fundamental 
frequency of these ripples can be calculated as follows: For the 
motor under discussion when running at synchronous speed 
we have 1800 rev. per min. + by 60 the number of cycles = 30 
rev. per sec. Since there is a complete change of conditions for 
each 1/61 of the armature rotation, the frequency of these 
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changes = 61 Х 30 = 1830 cycles per second or 30.5 times 
supplied frequency. This very high frequency ripple in the mag- 
netism will cause considerable '' added " iron loss even if the 
combination of field slots and armature slots and the shape of 
tooth tips, slot openings and surface of armature and field 
bore are correctly designed and made, but if some or all of 
these conditions are bad very high '' added ” iron loss will result. 

It has been the writers' experience that well proportioned 60- 
cycle induction motors, single-phase or multiphase, wound or 
squirrel cage armatures wil have from 25 to 100 per cent 
“ added ” iron loss, and poorly designed motors may have up 
to 250 per cent and even higher ‘‘ added " iron loss. Con- 
siderable care should therefore be exercised to keep the chance 
for appreciable ripples in the magnetism to a minimum. 

When calculating the transformer iron loss of this motor, as 
may be observed from above data, no account has been taken 
of iron loss in the armature. There is a theory of single-phase 
motors which deals with the motor as though there were two 
revolving fields in the armature, which when the motor is run- 
ning at synchronous speed, causes a double frequency in the 
armature. | 

To determine in just what respect, if any, the iron losses of 
a single-phase motor differ from those of a two-phase motor, 
the following results were observed. A two-phase motor hav- 
ing ball bearings to reduce the friction to a minimum and to 


maintain the friction loss constant was wound with a pyramidal ` 


winding for each phase, which gave the same magnetic flux 
distribution whether the motor was operating on one or both 
phases. This motor was tested and the performance and the 
losses completely analyzed. The total iron losses for the motor 
operating as a single phase motor was found to be substantially 
and for all practical purposes the same as when operating as a 
two phase motor, the total iron loss being from 1 to 2 per cent 
higher for all magnetic densities on two-phase than on single 
phase. 

We may therefore conclude that the iron losses in a multi- 
phase and in a single-phase motor are the same for all practical 
purposes when the magnetic densities are the same, and that 
there are practically no transformer losses in the armature in 
either type of motor when running idle, as the rotating mag- 
netism and the armature are almost in step. There is, however, 
an “ added " iron loss in the armature as in the field and is due 


- Ф 
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to the same causes. All of the '' added " iron losses (field and 
armature) are therefore included in the term “ added ” iron loss. 

Circle coefficient calculations. The circle coefficient and maxi- 
mum power factor of this motor may be calculated from the 
physical dimensions of the electrical design by Behn-Eschen- 
burgs empirical formula as follows: 


3 p AT 5A 
Xx YT Li 


0--у; 

circle coefficient 

= the mean number of slots per polein fieldand armature 

width of the slot openings in inches 

motors single air gap (clearance) in inches 

average tooth tip thickness of field and armature in 
inches 

pole pitch in inches 

Li = net iron length of the core in inches 

For this motor we have 


ось чма 
ии 


E 
| 


_ 3 + 10 x 0.035 Х0.031 i 5 x 0.035 
~ 13.622 13.620.125 x 6.47 5 


= 0.01610 4- 0.00099 - 0.03500 = 0.0521 


0 


Since the maximum power factor for a single-phase induction 
motor = 


1 
1--4 Хо 
we һауе 


1 


1+ 4x00521 ^ 83 per cent max. power factor calculated 


which is a fair agreement with the observed maximum power 
factor of 85 per cent for this motor, and the calculated maximum 
power factor of 85.5 per cent. 

Resistance of field and armature. Тһе resistance of the field 
of 0.287 ohms used in these calculations was calculated from 
the weight of the field wire. Тһе resistance of the field was also 
calculated from the length of wire by developing one quarter 
section of one field pole and laving out the various coils to scale, 
the resistance in this way was calculated to be 0.295 ohms which 
checks substantially with the figure by weight of 0.287 ohms. 
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With a little time and care the resistance can be obtained quite 
accurately by the length method and assists greatly in рге- 
determining the resistance of field of a proposed motor. 

The total cross section in circular mills of all the wires in all 
the slots of the field and of the armature is 


Field 2 X 18 X 22 X 8234 = 6,540,000 
Armature 2 X 122 X З X 6530 = 4,800,000 


The resistance of the armature is not 


6,540,000 
4,800,000 


X 0.287 = 0.391 ohms 


аз might be expected, аз the copper in the armature is not as 
effectively used as in the field which has a pyramidal winding. 
We therefore have for this motor 


6,540,000 = p ; 
74 800,000” х 0.287 X К = 0.577 = observed resistance of 
armature from the blocked test or 


K = 1.47 


This constant is usually of the proportion of 1.4 for four-pole 
motors 1.7 for six-pole motors. This we believe is the simplest 
and most practical method of dealing with the armature resist- 
ance. 

We have now analyzed and calculated this motor completely 
for the running idle and various load conditions. We will 
now inquire into the various calculations and show how the 
performance of a proposed motor may be predetermined. 

Predetermining the performance of a proposed motor. Every 
designer has, more or less, his own method of starting a new 
electrical design and each method if correctly and consistently 
followed leads to substantially the same result intheend. The 
writer has found the following method quite satisfactory. 

Fig. 7 gives the total magnetic flux for four- and six-pole 60- 
cycle single-phase induction motors for various maximum horse- 
powers up to 40 horse power. Data like these give a very con- 
venient and safe starting point for preliminary design for not 
only this type of motor but for any alternating-current induction 
motor, as the principal factors which may cause a variation in 
the total magnetic flux for a given maximum horse power or 
armature resistance and leakage both of which are fairly con- 
stant for motors of same size and general construction. 


. 
4 a8 
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The number of slots in the field and armature should now be 
decided upon. In general too few or too many slots in field or 
armature will be found disadvantageous. In general either a 
less number or greater number of armature slots than field slots 
may be used with substantially the same results providing the 
average number of slots per pole in ficld and armature is the 
same. The average number of slots per pole in field and arma- 
ture varies from 5 to 15 in this kind of motor being near the 
smaller figure for small motors and nearer the larger for larger 
motors, say 5 h.p. and larger. 

One of the most important features of the design for smooth- 
ness and quiet opcration and as we have intimated while dis- 
cussing “ added " iron loss is the combination of field and arma- 


5 


TOTAL FLUX IN KILO LINES 
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Fic. 7—FLuX-HorRsE POWER CURVES FOR 60 CYCLE, SINGLE-PHASE 
[INDUCTION MOTORS 


ture slots. The principal features affected by this combination 
are noise, uniformity of starting torque, and “ added ” iron loss, 
but it should not be inferred that these features depend entirely 
on the combination of slots, as there are other things which may 
effect these features, such as, centering of field and armature: 
air gap, magnetic densities, shape and size of slots and tooth 
tips and the rigidity of general design, method of mounting field 
and armature iron and amount of twist in field or armature, all 
of which combine to form a problem far too complex to state 
definitely at the present time, but about which nevertheless 
considerable is known. In general then the combination of 
slots and general proportions should be restricted to those 
combinations which have been tned and not found wanting. 
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Having decided on the number of slots in ficld and armature 
to be used, and knowing the number of poles and the voltage 
of the motor, the number of turns may be calculated from the 
formula used in analyzing the motor earlier in this paper. In 
calculating the winding constant and determining the number of 
slots to be left empty it can be borne in mind that there is no 
advantage in filling more than 75 per cent of the slots when 
there are eight or more slots per pole. Knowing the number of 
wires per slot, and by estimating the current taken by the motor 
at full load, the preliminary size of the field wire can be estimated 
allowing 500 to 800 circular mills per ampere. The smaller 
number of circular mills per ampere should be used only in motors 
that are well ventilated with definite air circulation, or in motors 
where it is known that the service will always be of such ап 
intermittent character that the motor will never overheat. 

Knowing the field winding and therefore the resistance, the 
armature winding and resistance may be calculated as has been 
outlined. 

Having the magnetic flux per pole and having determined the 
number of coils per pole, the flux in the central field tooth can 
be determined as has previously been done. By fixing the 
magnetic densities in the different parts of the magnetic circuit 
the area of the different members can be calculated. The 
magnetic densities which may be used, of course, depend to a 
large extent upon the quality and kind of sheet steel used. How- 
ever, practically all sheet steel used nowadays 1n alternating- 
current motors shows a permeability and watt loss substantially 
as good as is given in Fig. 8. With iron of this quality the 


Lines per sq. in. 


Field yoke can be worked at 60,000 to 80,000 
Field teeth aver. section can be workedat 80,000 “110,000 

К 4 min. s E * * 100,000 “ 125,000 
Armature teeth aver. 6 ~~ " б 90,000 “ 115,000 

2 .* min. 4 чш и 4 100,000 “130,000 

уоКе © о в: 4 “4 175,000 “ 90,000 


“ u 


for 60-cycle motors. 

The preliminary electrical design may now be drawn to scale, 
beginning either with an armature diameter or field iron diameter 
that is considered about correct or is desirable to be used. The 
preliminary design may be either too long along the shaft in 
which case a larger armature diameter is necessary or too short 
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along the shaft in which case a smaller armature diameter should 
be used. 

The best general proportions as to the relation of polar pitch 
at the air gap and the length of iron along the shaft may be 
checked by the following. observations on this type of motor. 
The length of iron along the shaft should be 50 per cent to 100 
per cent of the polar pitch, 60 per cent to 70 per cent giving the 
best all around performance, but if the diameter of armature and 
field punchings are large a motor will be somewhat more expen- 
sive in general to build. If, as is often the case with the larger 
motors, it 15 desirable to build four- six- and eight- pole motors 


140 


З 
ЕИ а 
жш 


KILO LINES PER SQ. INCH 
8 


B= E dd CURVE 
For No. 26 Elec. Steel 


M *IRON LOSS CURVE 
Elec. Steel 


5 — 
LEM 


8 
aaa 
aaa 
= 


0 
0 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 
WATTS LOSS РЕВ POUND. 
Fic. 8 


in the same frame, 50 per cent for four-pole motors may be used 
which will result in fair characteristics for each of the three 
motors. 

Having made the preliminary design and checked the general 
proportions if it is considered advisable in view of the facts con- 
cerning these general proportions, new diameters and lengths 
may be determined for the electrical design. The second design 
will therefore usually be safe to proceed with. 

The magnetizing current, the field and armature copper loss 
and the iron loss may now be calculated as was done when ana- 
lyzing the existing motor. The '' added " iron loss and friction 
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and windage loss may be estimated with fair degree of accuracy 
from data on existing motors. This gives the necessary data for 
plotting the running idle point of the circle diagram. The circle 
coefficient, the maximum power factor and hence the diameter 
of the circle may now be calculated from the physical dimensions 
of the electrical design as was done previously, the circle being 
drawn as before through the running free point and tangential 
to the maximum power factor line, the blocked point not as yet 
having been determined. The complete performance may there- 
fore now be calculated as was previously done. 

Having a complete lay out and calculated performance of the 
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design the different factors, such as, slip, power factor, efficiency, 
etc, may be considered in detail, and detail modifications made, 
and the effect on the other factors noted with comparative ease. 
For instance, the maximum efficiency can be made to occur at 
either less or greater than full load by arranging the iron losses 
and the copper losses accordingly. The point at which the 
maximum power factor occurs can to a certain extent be regu- 
lated by modifications of the design. 

` The temperature rise of the different parts of the motor de- 
pends, of course, to a large extent on the mechanical design, 
construction and ventilation whether natural or by forced draft 
as with a definite fanning action. Fig. 9 will serve to indicate 
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in general how much the temperature of the framemay beexpected 
to rise above the surrounding air. 

Discussion of brush setting. The external characteristics of the 
repulsion motor being subjected to a wide variation due 
to the setting of the brushes in various positions with respect 
to the neutral axis or dead point, as it 1s more commonly 
known, it is of prime importance to determine the most 
advantageous position to set the brushes relative to the duty the 
motor is to perform. In general, the shifting of the brushes of a 
repulsion motor away from the dead point will increase its static 
torque up to a certain point, and thereafter the static torque wil] 
decrease with the further shifting of the brushes, while the 
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shifting of the brushes away from the dead point will decrease the 
strength of the repulsion motor for bringing the load up to speed. 

Test results on the 5-h.p. motor analyzed above are given here 
to bring out the pertinent points in the operation of a repulsion 
start motor. The resistance of the armature is approximately 
twice that of the field. 

The effect of the brush setting and starting characteristics 
are clearly shown in Fig. 10, where the blocked torque, amperes 
and power factor are plotted against the distance in electrical 
degrees that the brushes are sct away from the dead point. 
It can be noted that the torque varies approximately as a sine 


curve reaching the maximum at 12 electrical degrees (four-pole 


motor) from dead point, while the torque decreases as the brushes 
are shifted further from the dead point. From a starting view- 
point, the torque per amperc incrcases with the increase of the 
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distance the brushes are set from the neutral axis, within the 
range that the motor can be operated. So from this viewpoint 
it is desirable to have the brushes set a considerable distance 
from the dead point. 

Somewhat contrary results as to the proper brush setting are 
shown by the speed torque curves with the brushes in eight 


different positions, varying from 2 deg. to 16 deg. from the dead | 


point. This shows that the motor as a repulsion motor, will 
develop the greatest torque at 1350 rev. per min. and at higher 
speeds when the brushes are set close to the dead point. It 
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can be noted by referring to Fig. 11 that after a speed of 1350 
rev. per min. is reached the 2 deg. position has the greatest 
torque, with the running torque decreasing at that speed as 
the brushes are shifted away from the dead point. 

Fig. 12 shows the variation of horse power and torque and indi- 
cates that the 4 deg. position develops the greatest horse power, 
showing that a shifting of the brushes in either direction from 
this point causes the motor as a repulsion motor to become 
weaker and the horse power it will pull up will beless. Thus 
we see that at the 12 deg. setting of the brushes the motor has 
the strongest starting torque and at the 4 deg. setting it de- 
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velops the greatest horse power, so the final setting of the 
brushes is a balance between these two positions, depending 
upon the application of the motor. 

To consider the whole cycle of operation of the repulsion start 
induction motor as it comes up to speed as a repulsion motor, 
and is short circuited and converted into an induction motor; 
the curves of the repulsion motor for the 8 deg. setting are super- 
imposed on the curves of the induction motor. Imposing the 
condition that the armature is short circuited at a predetermined 
speed the static torque and current, the maximum torque that 
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can be brought up to speed, the surge of current when the short 
circuiting occurs and the maximum horsepower that can be 
brought up to speed can be analyzed in the following manner. 
Referring to Fig. 14, presupposing that the governor mechanism 
short circuits the armature at 1600 rev. per min. as indicated 
by position A on the repulsion motor speed curve, and follow- 
ing the vertical line down to point В shows 16.5 lb-ft. torque 
was brought up to that speed. Further, point C on the same 
vertical line shows the current then will be 28.0 amperes. A 
short circuiting of the armature then occurring at 1600 rev. 
per min. 1s at point D on the speed curve of the induction motor, 
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and following the vertical line down from that point to point 
Е on the torque curve of the induction motor it has 28 lb-ft. 
torque. Point F indicates that the current increases to 60 
amperes. However, as just 16.5 lb-ft. torque: was brought up 
to 1600 rev. per min. by the repulsion motor and the induction 
motor immediately after short circuiting occurs having 28 lb. 
ft. torque will rapidly carry the armature up to the speed where 
the induction motor will carry the torque that was brought up 
Бу the repulsion motor as shown by position G on the torque 
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curve of the induction motor, which is the same torque as that 
of position B of the repulsion motor. Position G shows that 
at 16.5 lb-ft. torque the load on the machine will be 5.4 horse- 
power. At that horse power the speed is 1735 rev. per min. 
and the current is 27.5 amperes, so this case shows a condition 
where the repulsion motor brought up to speed 5.4 horse power 
with an increase of current from 28.0 to 60 amperes which 1s 
240 per cent of full-load current when the governor short cir- 
cuits the armature. The torque of the motor after short cir- 
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cuiting being considerably greater than before short circuiting, 
the load is brought up to speed so quickly that an ordinary 
damped ammeter will show only 5 to 10 amperes increase of 
current at the time of short circuiting. 

The lower the speed at which the short circuiting occurs, the 
greater the torque that can be brought to speed and the greater 
the current at short circuiting until the speed 1s reached where 
the induction motor has its maximum torque, at lower speeds 
the amount of torque that can be brought to speed’ decreases 
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rapidly. So here again the determining factor is a balance 
between the horse power that is desired to be brought up to 
speed and the increase of current that occurs when the arma- 
ture is short circuited. "Table III shows a complete analysis 
with the brushes set 8 deg. from the dead point, and the short 
circuiting occurring at various speeds. 

The curves Figs. 13, 14, and 15 and tables II, III and 
IV, for the 6 deg., 8 deg., and 10 deg. brush settings show 
that considerable flexibility can be obtained. Their an- 
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alysis brings out these facts when the governor operates 
at 1600 rev. per min. With the brushes in the 6 deg. position 
the starting torque will be 34 lb-ft. or 225 per cent full-load 
torque, and the current at start, 325 per cent of full-load cur- 
rent and the load 5.6 h.p. At the 8 deg. position the starting 
torque will be 50 lb-ft. or 335 per cent of full-load torque, start- 
ing amperes will be 295 per cent of full-load amperes and 
will bring to speed 5.4 h.p. The 10 deg. setting shows 
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а starting torque of 64 lb-ft. or 425 per cent of full-load 
torque, starting current 280 per cent of full-load current and 
will bring up to speed 4.65 h.p. Аз the governor op- 
erates at the same speed of 1600 rev. per min. the 
increase of current at short circuiting will be the same in each 
case. So where a large load 1$ to be brought up to speed and 
a heavy starting torque is not necessary the 6 deg. position is 
the best; where a great starting torque is necessary, such as 
on a pump installation, etc., the 10 deg. position shows the 
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best, but for best average results the 8 deg. position 1s the most 
desirable. 


TABLE II.—5 H.P., 104-208 VOLT, 60 CYCLE, 4 POLE, 1750 R.P. M. REPULSION 
START INDUCTION MOTOR STANDARD ARMATURE 


Ввс<некв SET 6 Elec. Degrees FROM DEAD POINT 


40 1680 
37 1695 
32.5 | 1710 


Repulsion motor. Induction motor. 
31.5 | 1712 
28.5 | 1722 


% 
Starting Short cir. spd. | Short cir. spd Running 
Short | ————————— —-— 
cir. Speed 
speed | Torque | Amp. | Torque | Amp. | Torque | Amp. | Torque | Н.Р. | Amp. | rev. 
lb-ft. | 208 V.| lb-ft. |208 V.| 1Ъ-Ё. |208 V.| lb-ft. 208 V.| per 
и min. 
1300 34 81 25.25 | 40.5 | 21.25 84 25.25 T ahs - 
x 27 1730 


1400 34 81 22.25 | 37 24.5 18 22.25 
1450 34 81 21 35.5 | 26 75 21 
1500 34 81 19 33 27 71 19 
1550 34 8 18.5 32 28 65.5 18.5 
1600 34 81 17 30 28 60 17 
1650 34 81 16 28.5 | 26 50 16" 


1350 34 81 23.5 38 5 | 23 81.5 23.5 
2 
1700 34 81 14.5 27 20.5 36 14.5 24.5 | 1738 


TABLE III.—5 H.P., 104-208 VOLT, 60 CYCLE, 4 POLE, 1750 R.P.M. REPULSION 
START INDUCTION MOTOR STANDARD ARMATURE 


Вксвнкв Set 8 Elec. Degrees FROM DEAD POINT 


Repulsion motor. Induction motor. 


Starting Short cir. spd. | Short cir. spd Running 


speed | Torque | Amp. | Torque | Amp. | Torque | Amp. | Torque | Н.Р. | Amp. | rev. 
lb-ft. | 208 V.| lb-ft. |208 V.| lb-ft. |208 V.| lb-ft. 208 V.| рег 
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The effect of increasing armature resistance. An armature 
with approximately two times the resistance of that of the stand- 
ard motor, making resistance of this armature four times that 
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of a field or stator, brings out the following facts. The starting 
condition relative to the brush setting is shown on Fig. 10. 
Up to the 8 deg. position the starting torque was practically 
equal to that_of the standard motor, but it only developed 56 
lb-ft. torque at its maximum position (12 deg. from the dead 
point) against 74 lb-ft. with the standard armature at its maxi- 
mum position. The current was about 10 per cent lower in 
all positions. It was perceptibly weaker as a repulsion motor 
than when the standard armature was used, compare Fig. 16 
and Table V with Fig. 14 and Table III, it bringing up to 
speed but 5.4 h.p. with the governor operating at 1500 rev. per 


TABLE IV.—5 H.P., 104-208 VOLT, 60 CYCLE, 4 POLE, 1750 R.P.M. REPULSION 
START INDUCTION MOTOR STANDARD ARMATURE 


BRUSHES Зет 10 Elec. Degrees FROM DEAD POINT 


—— 
» 


Repulsion motor. Induction motor. 
Starting Short cir. spd. | Short cir. spd Running 
Short == аа LL ЕТЕ а se өы: s 
cir. Speed 
speed | Torque | Amp. | Torque | Amp. | Torque | Amp. | Torque | Н.Р. | Amp. | rev. 
lb-ft. | 208 V.| lb-ft. |208 У] lb-ft. |208 V.| Ib-ft. 208 V.| рег 


— ыы | —M—MY | —M — — |.— | ———— |— |——— 


1300 70 |21.25 | 32 21.25 | 84 21.25 | 6.9 | 38 1695 
1350 70 | 20 30.5 | 23 81.5 | 20 6.5 | 34.5 | 1705 
1400 70 | 19 29 24.5 78 19 6.2 |32.5 | 1712 
1450 70 17.75 | 28.5 | 26 75 17.75 | 5.8 | 30 1720 
1500 70 16.5 26.5 | 27 71 16.5 |5.4 | 28 1730 
1550 70 | 15.25 | 25 28 66.5 | 15.25 | 5.05 | 26 1735 
1600 70 | 14 23.5 | 28 60 14 4.65 | 24 1740 
1650 70 | 13 22 26 50 13 4.35 | 22.5 | 1745 
1700 70 | 12.5 21.5 | 20.5 36 12.5 |4.2 |21 1750 


min.; at this speed the increase of current at short circuiting 
is the same as at 1600 rev. per min. with the standard 
armature. 

This shows, however, the possibility of increasing the arma- 
ture resistance so that the short circuiting can occur at a lower 
Speed and thus the load brougat up to speed with a given 
amount of static torque can be increased. 

But with an armature resistance, as in this case, of four times 
that of the field there is no advantage to be gained in either 
the starting or bringing the load to speed, and there is a defi- 
nite disadvanta ge when the motor is running as an induction 
motor. In general, the best average results will be secured 
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by using an armature resistance of from two to three times 
that of the field. 


3—MECHANICAL DESIGN 


The distinguishing feature of the mechanical design of the 
repulsion start induction motor is the commutator short cir- 
cuiting device. The success of this type of motor has been due 
to a very large extent to the fact that this device has been 
developed so that it is entire- 
ly dependable, even under 
adverse conditions. олжа 

АП of these devices work 
on the centrifugal principle ja 
and the better designs are 
arranged so that the short 
circuiting takes place instant- 
ly when the proper speed has 
been reached even though 
the motor is accelerating very 


1800 
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REVOLUTIONS PER MINUTE 


slowly. This quick action at 8 
the make and the break in- ,,2 
sures smooth and efficient 8 
action of the short circuiting у 
members for an indefinite 2 
period. This type of motor ix. 


is usually made with a radial 
commutator for convenience 0 


of arranging the short circuit- 
ing device and so that the Fic. 16—EXTERNAL CHARACTERIS- 


brushes may be lifted from the i M 208 Уот, 60-Сусье 


commutator aíter the short Brush setting 8 deg. (Elec.) from dead 
circuiting. Lifting the brushes  »oint— high resistance armature—res. arm. 
after motor has started elim- °° ?hms--6ed 287 ohms. 

inates all friction wear and noise and has therefore assisted to 
a considerable extent in making this motor a success. 

The mechanical design in general of this type of motor is not 
different from other types of motors. Designers are now well 
agreed for the most part that a certain rigidity of frame, shaft 
and other parts is as essential to produce quiet, smooth run- 
ning and efficient motors as 1s a good electrical design and that 
an otherwise good electrical design can be spoiled by a poor 
mechanical construction. Modern shop practise has made it 
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possible to employ satisfactorily as small an air gap or clear- 
ance as is desired in most cases. Pressed steel is being used 
to a considerable extent in this type of motor to lighten, strength- 
en and at the same time lower the cost. The use of forced 
ventilation is helping materially to improve this type as well 
as other types of motors. 

One of the most commendable features of modern motor 
designing as in other apparatus is to appeal to the esthetic, to 
improve the looks, to harmonize the design with the apparatus 
it is to operate as far as it is practicable. 

Fig. 17 shows the cross sectional view of the repulsion start 
induction motor. This view shows the arrangement and con- 


TABLE V.—5 H.P., 104-208 VOLT, 60 CYCLE, 4 POLE, 1750 R.P.M. REPULSION 
START INDUCTION MOTOR High Resistance Armature* 


BRusuks Set 8 Elec. Degrees FROM DEAD POINT 


Repulsion motor. Induction motor. 


Starting Short cir. spd. | Short cir. spd Running 

Short l — -- 
cir. Speed 
speed | Torque | Amp. | Torque | Amp. | Torque | Amp. | Torque | H.P. | Amp. | rev. 

lb-ft. |208 V.| 1b-ft. |208 V.| lb-ft. |208 V.| lb-ft. 208 V.| per 

min 

1300 48 33.5 | 24.7 68.5 22.3 6.75 | 40.7 | 1590 
1350 48 33.2. | 25.2 65 21 6.42 | 38 1615 
1400 48 30.$ | 25.5 61.5 19.5 8.1 35 1635 
1450 48 29.5 | 25.5 57 18.2 5.7 32 1650 
1500 48 28 25.0 52 17 5.4 30 1665 
1550 48 26.7 | 24.3 47 15.8 5.03 | 28 1680 
1600 48 25 21.14 40 14.5 4.65 | 25.8 | 1695 
1700 48 23 13.5 24 12.5 4.0 22.3 | 1710 


Struction of a type of automatic commutator short circuiting 
device and brush lifting device which has proved entirely 
satisfactory. 
SUMMARY 

The starting efficiency of the repulsion start induction motor 
is substantially the same as for the shunt and compound-wound 
direct-current and the multiphase-wound with rotor with resist- 
ance in rotor for starting, which has the highest starting efficiency 
of the various multiphase motors. This type of motor in all 
Sizes may be started by closing the switch without the use of 
а Starter of any kind as they take less than 300 per cent of full- 
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load current at start and have over 300 per cent full-load start, 
and are therefore simpler to install and operate than the direct- 
current or the multiphase motors, as these require some form 
of starter to limit the starting current. We may, therefore, 
conclude that this type of motor compares favorably in all 
respects to the best direct-current and multiphase motors and 
is now the standard type of single-phase motor and has largely 
replaced less satisfactory types of single-phase motors. 

We have observed that a motor of this type can be easily 


= 2 ШІ л 
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analyzed and the different losses determined accurately and 
that such an analysis gives a definite and scientifically accurate 
basis for improving or modifying existing designs or for pre- 
determining the performance of new designs. A definite and 
simple method has been set forth for calculating a new design 
of motor. 

The excellent performance and the comparative freedom from 
trouble and annoyance of the automatic short circuiting devices 
have helped materially to establish this type of motor. 


To be presented at the 314th Meeting of the American 
Institute of Electrical Engineers, St. Louts, Mo., 
October 20, 1915. 


Copyright 1915. By A. Г.Е. E. 
(Subject to final revision for the Transactions.) 


THE ENGINEERING EXPERIMENT STATION OF THE 
UNIVERSITY OF ILLINOIS 


BY ELLERY B. PAINE 


ABSTRACT OF PAPER 


The bulletins published by the Engineering Experiment 
Station of the University of [!linois containing the results of 
the research investigations made at the University have attracted 
wide attention. The paper describes the organization for en- 
gineering research at the University of Illinois. The nature of 
the investigations undertaken is discussed. А description is 
given of the equipment available for experimental work. Lan- 
tern slides will be used in presenting the paper. hese illustrate 
the research facilities of the station and the methods used in 
experimental work. 


HE ENGINEERING Experiment Station of the University 
of Illinois was established by action of the Board of 
Trustees in December, 1903. It was organized as one of the 
auxiliary scientific bureaus of the University. Its purposes are 
the stimulation and elevation of engineering education and the 
investigation of problems of especial importance to professional 
engineers and to the manufacturing, railway, mining and indus- 
trial interests of the state and country. The Station is conducted 
as an institution of scientific research rather than as a commercial 
testing laboratory. Investigations are chosen which promise 
information of fundamental importance in the particular field. 
No researches are undertaken with the object of obtaining infor- 
mation of chief value to some individual or company. The re- 
sults of the investigations, that yield data of scientific value, are 
given to the public in the form of bulletins. 

The control of the Station is vested in the Station Staff, which 
consists of the Director and the Heads of the ten Departments 
of the College of Engineering. Research is made in Architec- 
tural Engineering, Chemistry, Ceramic Engineering, Civil 
Engineering, Electrical Engincering, Mechanical Engineer- 
ing, Mining Engineering, Municipal and Sanitary Епрі- 
neering, Physics, Railway Engineering, Theoretical and 
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Applied Mechanics. The investigations are conducted under 
the supervision of the staff by members of the instructional staff 
of the College of Engineering, by Experiment Station special 
investigators and by Experiment Station research fellows. 
There are 103 members of the instructiona! staff in the College 
of Engineering. They must devote the major portion of their 
time, while the University is in session, to class-room duties, but 
each is encouraged to take an active part in some research. 
There are nine special investigators. They have no duties 
connected with student instruction but give their full time to 
station work. They are experiencedand skilled research workers. 
There are fourteen research fellows. The fellows devote half 
their time to station work and half their time to study in the Grad- 
uate School of the University. They are graduates of approved 
technical schools and universities who have shown ability for 
experimental work. Fellows are appointed for a term of two 
years and it 1s expected that at the end of that period they will 
be eligible for the degree of master of science. 

The laboratories of the University are available for the in- 
vestigations of the Station. In addition to the equipment used 
largely for student instruction the laboratories contain apparatus 
designed especially for research work. 

The cement laboratory is provided with moulding machines, 
testing machines and other apparatus for determining the prop- 
erties of cement. | 

The road laboratory contains machines for testing the resist- 
ance of macadam material to impact and abrasion. It also 
contains devices for testing paving materials, oils, tar and asphalt. 

The electrical engineering laboratory is located in a two-story 
brick building with a floor area of 18,000 sq. ft. It receives 
direct current, two-phase and three-phase electrical energy from 
the 500 kw. power plant of the University. The laboratory 
contains 45 d-c. dynamos with total capacity of 400 kw., 25 a-c. 
dynamos with total capacity of 325 kw., and 45 trans- 
formers with total capacity of 375 kw. The instrument 
room contains standards for the calibration of all tvpes of com- 
mercial instruments and also about 300 portable instruments 
for experimental work. There 15 available a 60-cell 240 ampere- 
hr. storage battery for work necessitating steady current. А 
200,000 volt transformer affords opportunity for high-voltage 
a-c. testing. А set of 30 small d-c. generators is installed with 
series electrical connection of the machines for high-voltage 
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direct-current experiment. From this set potentials up to 
20,000 may be obtained. Thecurrent capacity of these machines 
is half an ampere. The electrical furnace room contains one 
30-kw. induction furnace, one 25-kw. arc furnace, two 20-kw. 
induction furnaces, one 15-kw. vacuum furnace for melting, one 
30-kw. vacuum furnace for annealing and one 1.5-kw. muffle 
furnace. Four oscillographs are available for the study of tran- 
sient electrical phenomena. А department shop in charge of a 
skilled mechanician is located in the basement of the electrical 
building. In this shop is constructed a large part of the special 
apparatus needed in the electrical researches of the Station. 

The mechanical engineering laboratory is located in a brick 
building with floor area of 24,000 sq. ft. The main bay of the 
laboratory has a concrete testing floor and is served by a 10-ton 
electric traveling crane of 38-ft. span. The laboratory 1s equip- 
ped with machines and testing instruments for research in steam 
engine ring, gas power engineering, refrigeration, heating and 
ventilation. This laboratory contains a 210 h.p. boiler with chain 
grate stoker, arranged especially for fuel tests. There are a 
number of types of throttling, high-speed automatic and Corliss 
_ steam engines; several gas, gasoline, and oil engines; several 
steam turbines; a compound two stage air compressor; a 10-ton 
ammonia refrigerating machine; and several house-heating fur- 
naces and boilers. 

The shop laboratories are located in two brick buildings with 
a combined floor area of 28,000 sq. ft. The wood shop is equipped 
with benches, machinery and small tools needed in pattern 
work. Тһе foundry has а mounding floor 35 Бу 80 ft. traversed 
by a 5-ton traveling crane. The foundry is equipped with 
cupola, brass furnaces, core ovens, moulding machines and 
facilities for bench and floor moulding. The forge shop contains 
forges, anvils and small tools, a steam hammer, a power driven 
punch and shear, and gas and electric furnaces. The machine 
shop has a floor 48 by 140 ft. А three-ton traveling crane serves 
the central section of the shop. The machine shop is equipped 
with lathes, planers, shapers, milling machines, grinders, boring 
mills, drill presses and with typical small tools used in manu- 
facturing. The shop laboratories contain auxiliary apparatus 
necessary for investigation of machine tools and shop processes. 

The laboratory of applied mechanics comprises the materials 
testing laboratory and the hydraulics laboratory. It is located 
in a brick building with floor area of 16,000 sq. ft. The materials 
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testing laboratory contains a testing machine of 600,000 pounds 
capacity designed for large and bulky specimens. It also con- 
tains several other machines of large capacity for testing full 
size structural members. The laboratory contains a mechani- 
cian's workshop. A large room in an adjacent building is avail- 
able for the preparation of concrete specimens for test. The 
hydraulics laboratory has facilities for furnishing water under a 
large range of pressures. The equipment includes measuring 
pits, water meters, weir channels, nozzles and other apparatus 
for measuring the flow of water. The laboratory contains 
pumps of various types, several water motors and a turbine 
water wheel for testing purposes. 

The locomotive testing laboratory occupies a brick structure 
with floor area of 5000 sq. ft. The testing plant consists of 
supporting wheels on which rest the drivers of the locomotive 
to be tested, water brakes for absorbing the power developed 
by the locomotive, a dynamometer for measuring the tractive 
forces developed by the locomotive and other auxiliary appara- 
tus. The exhaust gases are led to a reinforced concrete separator 
where the cinders are removed. Locomotives to be tested are 
brought to the laboratory over a spur connected with the Illinois 
Traction System tracks. The ultimate capacity of this labora- 
tory is sufficient for the test of the largest locomotives now in 
use. Certain western railroads cooperate in the locomotive 
performance investigations and furnish the locomotives to be 
tested. The University owns and operates, jointly with the 
Illinois Central Railroad, a railway test car designed for experi- 
mental work on steam roads. During the last twelve years this 
car has been in frequent operation in making resistance and ton- 
nage rating tests on the Illinois Central Railroad and on several 
eastern roads. The University also owns an electric test car of 
the interurban type designed especially for experimental work. 
It is cquipped with four 50-h.p. d-c. motors and with instruments 
for recording power, specd, acceleration and other data needed 
in road tests. Under an arrangement with the Illinois Traction 
System the test car may be operated on its lines. The equip- 
ment available for special investigation of railway problems also 
includes a drop-testing machine for testing the strength of rail- 
road rails, car axles, draft gears and structural materials of 
various sorts and a brake-shoe testing machine for determining 
the wearing properties and frictional qualities of brake shoes. 

The mining and ceramics laboratories occupy a one-story 
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brick building with floor area of 11,200 sq. ft. The mining 
laboratory is well equipped for the study of safety lamps and for 
gas and dust analysis and explosibility tests. It also contains 
machinery for ore dressing and coal washing, including rolls, 
crushers, stamps, screens and jigs. There are also a complete 
sampling and drying equipment, a Huff electrostatic machine 
and other testing apparatus. The kiln room in the ceramics 
laboratory has a floor area of 4300 sq. ft. In addition to kilns of 
various types this laboratory contains apparatus for scientific 
investigations of problems of great importance to the ceramics 
industry. A ceramics building is under construction at the 
University of Illinois. When it is completed and equipped it 
will afford unsurpassed opportunities for research in ceramic 
engineering. 

The laboratory of physics occupies a three-story brick building 
with floor area of 60,000 sq. ft. The laboratory contains over 
4000 pieces of apparatus for instruction and for advanced work. 
The building contains about 30 rooms especially adapted to 
research. work. The building has a workshop for the use of the 
research investigators; also a mechanician's work-shop equipped 
for work of precision. 

Investigations are undertaken only after a careful considera- 
tion of the information published which bears on the problem, 
the facilities at hand for the investigation and the probability 
of obtaining new information of value to the engineering pro- 
fession. In some cases committees of meri prominent in engineer- 
ing or industrial circles have been appointed for conference 
and advice concerning the investigational work of the Station. 
All investigations undertaken by the Engineering Experiment 
Station are carried on in the interest of scientific knowledge and 
the aequirement of data upon which engineering design may be 
based. It is not possible for the Engineering Experiment Sta- 
tion to make investigations which involve great expense for 
apparatus or materials without the cooperation of individuals 
or organizations who are sufficiently interested in the results to . 
aid in the work. Whenever the cooperative investigation of an 
important problem appears desirable the Station is ready to 
offer its facilities for the work. 

Perhaps the most noteworthy researches carried out by the 
Experiment Station are those which have developed into a series 
of investigations of different phases of large problems. Аз 
instances of such work of wide scope may be mentioned the 
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investigation of reinforced concrete in the Laboratory of Applied 
Mechanics, the investigation of coal in the laboratories of Chem- 
istry and of Mechanical Engineering, the investigation of steam 
locomotive performance in the Locomotive Laboratory and the 
investigation of the magnetic properties of iron alloys in the 
Electrical Engineering Laboratory. 

Experimental work for private parties is sometimes carried 
on in the engineering laboratories of the University of Illinois 
but only in cases where the results obtained give promise of 
scientific interest or in cases where the facilities at the University 
make it especially desirable that the tests be made at the Uni- 
versity. 

On the completion of an investigation, manuscript for a 
proposed bulletin is prepared incorporating the results of the 
investigation. The manuscript is considered by the Station 
Staff and in case it is deemed to be of sufficient merit it is pub- 
lished. Eighty-two bulletins have been issued by the Engineer- 
ing Experiment Station of the University of Illinois. They are 
sent to those who indicate they are interested. The mail- 
ing list contains 8000 addresses scattered throughout the civil- 
ized world. 

The influence of the Engineering Experiment Station 1$ stimu- 
lating to engincering instructors and to engineering students 
through the atmosphere of engineering research and investiga- 
tion which it brings. The work of the Experiment Station directs 
the attention of engineering students to some of the problems 
for which engineers desire the solution. Although the students 
usually take no active part in the Experiment Station work yet 
the opportunity to observe the methods used in engineering 
research may be of great value to them. 

The work of the Engineering Experiment Station has been of 
great aid to professional engineers and to various industrial 
interests. Тһе train and locomotive tests conducted by the 
Experiment Station have resulted in a change in practice on 
some railways. The investigations made in the Laboratory 
of Applied Mechanics of the University of Illinois have had a 
very marked effect on the art of reinforced concrete construction. 
The results of the tests on reinforced concrete beams, columns, 
slabs and pipes have been utilized by the leading committees 
and makers of codes in the formation of requirements and regu- 
lations for building construction. Committees of engineering 
societies have utilized the work of the Experiment Station in 
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То be presented at the 314th Meeting of the American 
Institute of Electrical Engineers, St. Louis, Mo., 
October 19, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


AUTOMATIC CONTROL 


BY C. W. PLACE 


ABSTRACT OF PAPER 


It is frequently a question how far it is advisable to go in the 
application of automatic control, and the writer discusses a 
number of typical examples from the standpoint of a field en- 
gineer of a manufacturing company. Any successful Scheme of 
control must be such as can be produced by the manufacturer 
and used by the purchaser with profit to both. 

A review of many of the well-established systems of automatic 
control emphasizes the advantage of appreciating just what is to 
be accomplished, having the conditions of operation clearly 
defined, and knowing the economical limit to which special re- 
finements should be carried. The elimination of the human 
element in routine operations is one of the most effective means 
of preventing accidents to life and property and herein lies an 
important function of automatic control. 


ЕНЕ QUESTION as to how far it is profitable and advisable 
to go in refinement of mechanical and electrical applica- 
tions is one subject to a great many different answers, each 
depending on the viewpoint of the one called upon to give the 
opinion. The writers’ point of view, that of a field engineering 
representative of an electrical manufacturing company, may 
be of value to others as being from a different angle than that 
of the user or of the designer or exploiter of the apparatus. 

The average user of a piece of mechanical or electrical ap- 
paratus seems only willing to consider that which will show 
a reasonable profit on the investment, will be reliable enough so 
that it will not be a continual source of worry or trouble to him 
and which will not introduce too many new problems in manage- 
ment. 

The average designer must produce an equipment which can 
be manufactured at a profit and meet the requirements of others 
beside the individual user. 

Many ingenious schemes of application or design will not 
prove a success in any except very few isolated cases because 
they do not meet these tests. 


Manuscript of this paper was received August 26, 1915. 
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The design and application of automatic control for electrical 
apparatus is one branch of present day engincering which will 
unquestionably receive increasingly more and more attention. 
The proper appreciation of what can be successfully undertaken 
from а uscr's and also from a manufacturer's viewpoint may be 
fully brought out by a discussion of some typical samples of 
automatic control, bearing in mind that the manufacturer must 
produce the control at a profit which the user can apply with 
a reasonable degree of care in installation and upkeep with a 
profit to himself. 

One of the most common automatic control equipments is 
the voltage regulator as applied to generator or feeder voltage 
control. Each is a success as it promptly and accurately ad- 
justs the voltage due to changed conditions of load or of power 
supply. The nicety in design, beyond the evolving of the 
scheme, consist in the proportioning of the parts so that the 
frequency of operation will not cause rapid deterioration and 
constant trouble. The skill in the application and the satisfaction 
in its use lies in the appreciation of the fact that the regulator 
has none of the qualities of a prophet, but that it will promptly 
correct for poor regulation, either intentional or unavoidable, 
in the prime mover or in the generator, will compensate for 
peak overloading of fecders, and give results with a small invest- 
ment which could only be accomplished with an enormous 
investment in other lines, if at all. - 

One of the most frequently encountered misconceptions ге- 
garding a generator voltage regulator is that it should have 
some magic power to increase the capacity and range of the 
exciter or to bring the excitation required within this range. 
It cannot decrease the time lag of the magnetic material in 
the generator or the exciters or change any other of their inherent 
characteristics. It cannot predict that an elevator, for instance, 
is just going to start and begin to correct the voltage fluctuation 
which has not yet occurred. The best it can do is to take the 
necessary steps to correct the voltage condition as, or very soon 
after, the fluctuation occurs, depending on the rapidity of the 
fluctuation. 

With the ieeder regulator the problem seems to divide itself 
on the lines of the capacity and voltage of the circuit to be 
regulated. 

The small capacity medium-voltage lighting feeder circuits 
are very nicely taken care of by induction regulators. Here 
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again the regulator cannot anticipate change in load or voltage 
supply and must make the correction after the change has oc- 
curred. In the design, the regulator must meet an average 
condition as to speed of operation, as a regulator that 1s too 
quick is just as liable to overrun its mark as a slow regulator 1$ 
to give dissatisfaction from being too far behind. The pre- 
caution against pumping of a feeder regulator has been one 
of the most important problems. From the very nature of its 
construction and connection in the system it will receive and 
be subjected to all external disturbances such as lightning and 
surges, and necessary precautions should be taken either #0 take 
care of or minimize the results. 

In large capacity and higher-voltage circuits a synchronous 
booster driven by a synchronous motor has been and 15 yet 
receiving very considerable attention. The booster as well as 
its synchronous motor may be controlled by the vsual generator 
voltage type of regulator so that not only the benefit of the direct 
voltage adjustment is obtained but also a correctien of power 
factor, which, while an indirect means of voltage control, is also 
of no mean value in itself. 

We have seen the development of various relay systems for 
automatically cutting out defective circuits of all kinds. "There 
are many interesting descriptions all tending to clearly define 
the most advantageous time to cut off the power, and when it 
should and when it should not be cut off. The system selected 
must be fitted to the type of apparatus on the circuits and the 
various results of opening the circuit at any given instant, or 
of delaying this opening to perhaps a more advantageous time 
must be considered. The usual factors are reactance of the 
generators, the speed of the oil switches, the rupturing capac- 
ity of the oil switches, the synchronizing power’ of apparatus 
on the lines, the relative importance of maintenance of service 
and risk to equipments. 

At the present time various highly specialized relays are ob- 
tainable, and the accurate application is as complicated a prob- 
lem as their design and building, and the setting and mainte- 
nance inspection does not fall far behind in importance. The 
use of relays calls for about as close a co-ordination of the work 
of the designing engineer and the operator as any branch of the 
industry, but does not seem to be given nearly the proper amount 
of thought by all the users, and the relay problem as a whole does 
not appear to be submitted to the designer as frequently as 
would be advisable. 
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The importance of correct determination of conditions at 
the time of the supposed failure of relays to operate properly 
does not seem to be widely enough appreciated. It is understood 
of course, that the determination of these conditions is no very 
simple mattcr. 

In the section of power users, the automatic planer equipment, 
the self-starting fire pump, or service pumping outfit, the air 
compressor rig are all of a class of control application where 
the weight and inertia of the driving motor and the machine 
driven require as careful consideration as the light but long 
life control itself. The quick return of the planer bed, the speed 
with which the pump gets into action and the certainty of all 
such equipments functioning properly, is what makes such con- 
trol valuable. The precaution necessary seems to be that the 
electrical equipment must be of a design to meet the frequency 
of operation and produce enough torque to take care of the ac- 
celeration in the allowable time. The difficulties usually are 
the results of a misapplication of perfectly good and robust 
apparatus for the purpose for which it is designed or of con- 
ditions being different for what was originally understood, 
hence the value of understanding the limitations of the apparatus 
and carefully studying the operating condition. 

An interesting application of automatic control is in the fly- 
wheel motor-generator set as applied to steel mills and lafge 
hoisting equipments. The handling of a large widely fluctuating 
load with one of these sets which itself takes a practically fixed, 
unvarying current from the supply, gives a very desirable load 
for a central station and makes it possible to do such work under 
favorable conditions, where otherwise large reserve capacity 
would be essentiai. As the variation of the input depends upon 
the close approximation of the actual cycle to that used in de- 
termining the size of the flywhecl, here again the value of the 
proper anticipating of actual operating conditions 1s emphasized. 

Even considering the advantages of a fairly constant load, 
it is questionable whether, in the present statusof mining industry, 
especially in this section, it would not be nearly, if not quite as 
economical to pay a higher rate for service with the privilege of 
taking these hoisting peaks of power, and pav for this service 
out of the sinking fund necessary to retire the investment for 
the extra equipment of the flywheel set and its control during 
the average life of the mine. From the central station side, main- 
tain voltage by synchronous condensers, properly controlled, 


ui м L he 


: М Pace + 
ПТ о КЕ ee ae 
э re ty? 

о И < 
pire emt 

З. Гета 


Сен E МИРА ә” 
fats = 


| Ven ane seme 
tje paner өш 


td Ра 
ere on 2 
* т CU vine ons 
ae 
% .... 
ы LE ' he 
к. ао из." 
* а 
ЕТА 
M Ww ss 
427 ard ле 


ы 2x c po 
5 the (hawt Е 
3 oh, Y, 
1А ч vil ET 
i „апе? De as | 
pret NES 
] те cres 
 . 2 ee 
Mat mands wt 
... dr 
4... % ..0. сй 
ет u) be 


m 
"fero 
45% 
қ 


o meet the Теле 
, taxe care о i 
| Follies usui г 
de good and d 
ы designed т 
anale Ш" 
27 n 


. к EC d on 
* T ms Ol the des 
М 


`2. 


ӨЙ. 

AM i " " ob, NS 
“ 1 NT 

trol Is ым! 


исе! miis 3097 


coti 


1915] PLACE: AUTOMATIC CONTROL 2433 


which will take care of the power factor of the svstem as well as 
maintain the voltage, paying for them out of the increased rev- 
enue. It does not necessarily follow that the same type of equip- 
ment which will pay for itself in a large highly developed and 
equipped mine will do the same thing in a smaller mine. Nor 
does it follow that a hoisting load of a smaller mine would be 
unprofitable to a central station company just because a large 
hoist, without the flywhecl set, would be fatal. Other schemes of 
automatically unloading other power consuming apparatus, as 
far as the line is concerned, during a portion of the acceleration 
penod of the hoisting may possibly work out more advantage- 
ously to both mine and central station. This should only be 
considered where comparatively small mines with electrical 
power service from transmission companies is contemplated for 
both hoist and general mine purposes. 

One of the class of things accomplished by automatic control 
as illustrated by refinement in the control of a dredge working 
on the Mississippi River. By running the motor driving the 
centrifugal pump slower than full-load speed and supplying con- 
trol that would speed up the motor when the load dropped 
due to plugging up the discharge pipe, the output was increased 
greatly, due to this keeping of the pipe clean. There are certain 
losses introduced in running the motor below its load speed which 
disappeared as the value of this increased output very greatly 
exceeded the value of this power loss. This automatic keeping 
of an equipment up to the mark cannot be accomplished with any 
degree of certainty by hand, and it would seem as if this feature 
of automatic control would be the direction which would finally 
work out to give the most saving in cost of operation as compared 
to the total results accomplished. 

This adjustment to conditions as the conditions change cor- 
responding to a perfect co-ordination of brain and muscle 1$ 
where the maximum development energy should be applied, 
and the person who can see that specific adjustment can be made 
automatically by the proper control and electrical application 
will get a corresponding profit. 

In the railway field, the automatic control on the cars ac- 
complishes a similar service to the flywheel set of a hoisting 
equipment in absolutely preventing the motorman putting out 
small substations which are thus able to handle a much heavier 
service than with straight control. It gives a maximum life to the 
equipments in preventing undue punishment and causes the cars 
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to accelerate most smoothly and uniformly. One can imagine 
conditions in traffic other than the average of the service where 
it might be more convenient to do away with the automatic 
features temporarily but the undesirable feature of two methods 
of handling the equipments would seem to more than offset 
other objections. 

In the substation end of the railway field an even more in- 
teresting and economical application is found in the automatic 
substation. This can be applied as one of a series of automatic 
substations, making the whole d-c. system capacity available 
as required by the service, or can be applied as an automatic 
station with the others of the system manually operated. 

The great advantage of these applications is, of course, the 
saving of the attendants, and the saving of power when the 
station shuts down due to lack of load. By no means a minor 
advantage is the gradual building up of trolley voltage by a 
substation coming on the trolley and the impossibility of full 
voltage being thrown on equipments running without external 
resistance with a low counter e.m.f. as is possible with a manually 
operated station having its usual frequency of feeder circuit 
interruptions. 

The natural application is of course to interurban systems 
with frequent service. Another application of possibly greater 
importance is the throwing off automatically at the right and 
most useful time machines in a heavy system. These machines 
may be in the same substation with manually operated machines 
or as individual machines located at most advantageous points, 
such as loops or down town centers. In the latter case the 
danger from electrolysis would be partly overcome by having 
more distributed centers of direct-current power, especially during 
the peak load. The station for such service would be designed 
for the maximum safe heating over the periods of morning and 
evening rush and would come into operation when this rush hour 
arrived and go out when it was over. A comparatively small 
station at the center of such a load, located, say, even under a 
side-walk, would be highly efficient and profitable. 

In heavy main line electrification the location of an automatic 
substation at a troublesome grade or at meeting points or 
switching centers would give better service than the same in- 
vestment in copper or in increased operating voltage. In my 
opinion the equipment of portable substations with automatic 
control is an ideal arrangement and would allow of the most 


1915] PLACE: AUTOMATIC CONTROL 2435 


advantageous use of the emergency operators or the trouble 
crew. 

The same type of equipment will automatically take care 
of lighting substations in the d-c. district of large systems by 
simply carrying the remote control lighting substation through 
to its natural conclusion. This seems particularly advantageous 
around the limits of present well established d-c. districts. 

All the cases cited tend to emphasize the great advantage 
of properly understanding exactly what is to be accomplished, 
of having all the conditions clearly defined, and of stopping 
in the special refinements at about just the right time. In this 
era of “safety first" the elimination of the human element 
in the actual routine operations is the surest and most effective 
preventive of accidents to life and property. The expert in- 
spector checking up that the apparatus is working properly 
runs much less chance than an operator semi-consciously di- 
recting each operation. 

The advantage is gained by transferring the human factor in 
the operation to the ingenuity in design and application, the 
accuracy of'manufacture, care of installation and adjustment 
and thoroughness of the inspection and upkeep, rather than 
applying a large quota of human energy in accomplishing some- 
what similar though much inferior results by the drudgery of 
duplicating certain operations for long periods. 
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DECOMPOSING MAGNETIC FIELDS INTO THEIR 
H GHER HARMONICS 


BY H. WEICHSEL 


ABSTRACT OF PAPER 


When it is necessary to decompose a magnetic field into its 
higher harmonics the same methods used for analvzing current 
and voltage waves may be employed. Іп тапу cases, however, 
the usualiong mathematical operations can be avoided bv rep- 
resenting the field shapes as geometrical figures, such as triangles 
rectangles, trapezoids, etc., all of which waves may be considered 
as composed of a number of triangular waves with certain phase 
displacements against each other. Equations are then deduced 
for the harmonics of various wave shapes based upon Fourier's 
equation for a triangular field. 


N DEALING with alternating current problems, it is 
customary to resolve the current and the voltage waves 
into their higher harmonics. The methods usually employed for 
analyzing such waves, consist of fairly lengthy mathematical 
operations. i 

Frequently it is necessary to decompose the magnetic field 
into its higher harmonics. Obviously the same methods used 
for analyzing the current and voltage waves, can be used for 
analyzing the shape of the magnetic field. In many cases, how- 
ever, the magnetic field can be represented by a more or less 
geometrical figure, such as triangle, trapezoid, etc. Under such 
conditions it is possible to facilitate the analysis of the field 
shape by employing the methods discussed below. 

Some of the field shapes most commonly occurring in alter- 
nating current machines, are given in Fig. la to 1H. 

A little thought will show that all these figures are very closely 
related to each other. For instance, it is self-evident that the 
rectangular wave (Fig. 1c) 1s only a special case of the trapezoid 
wave. (Fig. 1B) Fig. 2 shows that a trapezoidal wave can be 
considered as made up by two triangular waves which are phase 
displaced against each other. A further study of the Figs. 
la to 1H, will show that all these waves may be considered as 


Manuscript of this paper was received August 30, 1915. 
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composed of a number of triangular waves with certain phase 
displacement against each other. 


TRIANGULAR WAVE 


The harmonics of a triangular wave have been determined 
by many mathematicians. The Fourier’s equation for a tri- 
angular field may therefore be considered as known, and will 
be used 1n the following as the basis of all discussions. 

The Fourier equation of a triangular wave is 


yz = [Bı sin x — Взят 3 x – Вуѕіп5 х —.. Basin (n x)] Нл (1) 


where the constants В have the following values: 


=" 0.017 Bis жет 0.005 Big 


В, = - 0.811 B; = = — 0.002 
В; = - 0.09 B, =+ 0.010 В, = — 0.004 В», = + 0.002 


and Нл represents the height of the triangular wave. (See 
Fig. 3). 
TRAPEZOIDAL WAVE 

The trapezoidal wave in Fig. 2, can be considered as composed 
of two component waves of triangular shape. Fig. 2 clearly 
shows that the displacement between the two component tri- 
angular waves 15 equal to the length of the flat side parallel to 
the base of the trapezoidal wave. 

Let '' b" denote the base, and its length be equal to 180 deg. 

Let “а” denote the length of the parallel side, 


eM NICS 
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The displacement « expressed in degrees, between the two 


triangular fields is then a. = = 180 deg. 


From Fourier’s theorem it follows that the base of the fund- 
amental wave is equal in length to that of the resultant wave, 
and that the base line of the resultant is an odd multiple of the 
base lines of all the different higher harmonics. Similarly, the 
base line of the fundamental 
wave of the triangle ghk or 
d e f, equals the base line of the 
resultant trapezoidal wave, and 
this base line in turn equals the 
base line of the fundamental of 
the trapezoidal wave. This latter 
wave may, therefore, be con- 
sidered as composed of two sine 
waves which are displaced а 
deg. in phase against each other. These component sine waves 
are the fundamental harmonics of the triangular component 
fields. They can therefore be added graphically as shown in 
Fig. 4. From this figure it follows that the resultant funda- 
mental is given by 


Н: · B, = 2 В, COS (5-) на 


Fic. 3 


For Н; and В’ see Fig. 5. 

In exactly the same manner it will be seen that the third 
harmonic of the trapezoidal field is the vector sum of the third 
harmonics of the triangular fields g л k andd ef. The phase dis- 
placement of these two component third harmonics is За. They 
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combine, therefore to a resultant third harmonic with a maximum 
value of 


II ‚Ву = 2 В. Нл cos (3) 


The same reasoning can be applied to any other harmonic. 
We obtain, therefore, the general equation 


H, 02784 = 2 В„- Ha cos (x) 
where 


a = % - 180° (sec Fig. 2) 


B, = coefficient for the mth harmonic of a triangular field; 
(see equation 1.) 
В,” = coefficient for the nth harmonic of the trapezoidal field. 
Н; = max. ordinate of the trapezoidal field. (See Fig. 2.) 
Нл = max. ordinate of the triangular field. (See Fig. 2.) 
The equation of the trapezoidal field can therefore be written 
as: 
= {B,’sinx + B;’sin3x+...... В, sin (n x)} - Hi 


= HA 12 B, cos (5) sin x + 2 В cos 5 sin (3 x) 


+ ...... 2 B, cos (2) sin nx} 


Usually it is more desirable to express the different harmonics 
as functions of А; (Һе maximum ordinate of the trapezoidal 
wave. This can be done by expressing Н as function of Н+. 


US 


БЕТПЕН 
mane With a таст 


" 


any other Ватт, 


ton 


^ 4 
a triangular 26 
‚ойи Bett 

e trape zoida t 
p] See Pige 
52 9 
qo (See Fig. 
crefore be write 


H: 


. b. 
sin ur 


- sin (81 


d 


| | 
) sin nxi 


rent harmon 
| 44 
‚не trapezole 
anction of At 


1915] WEICHSEL: HARMONICS 2441 


By referring to Fig. 2 we find triangle h n k is similar to tri- 
angle ут К, therefore 


hn im 
і, ур л" = Ha 
кп = 2 
и = 217 
ео 
2 mk = 20 
Therefore 
Ha _ H,2 . H En H-b 
b 206-а’ А7 (0-а): 2 
2 e 


This substituted in the above equation gives the equation 
for a trapezoidal field as 


У; =H, | B, сов 2 (5 р) sin + Bs cos В (=?) sin OX 


+.. В. cos (4) (22) sin (nx)! 


b-a 
180° 


Further. 2 = “а = 
ey = 18? 


Introducing this value in above equation, we obtain: 


Н; Í B, COS E 130 a sin (x) 


3 a 180 . 
+ В, cos (52) реа sin (3 x) +.... 


+ B, cos (^7) m sin ( x) | (2) 


В, B, В, B, represent the coefficient of equation (1). 
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| a 180 
The product В, cos nov i80 a 
да 180 
LR MEETS HM 
па 180 
Еа гү 


may be called the coefficients В”, В) Bs’. Bn’ 
The equation of a trapezoid reads then, 


У; = Hi {В,'ѕіпх + B;’sin (3х) + ...B,’ sin (n x)] (2A) 


The mth harmonic expressed in per cent of the fundamental 


harmonic, is, therefore, 
па па 
В,’ В, соѕ ЕЗ В, сов (^2) 
В, a ) a ) 
В, сов ($ 0.811 cos (% 


= --------- .100 = 
Anexample willdemonstrate the use of equations two and three. 
The stator winding of a single phase motor, covers 75 per cent 
of the pole arc. The equation of the stator field is desired. 
It is evident that the flat part “а” of the trapezoidal wave is 
25 per cent of the pole arc. The angle 1$, therefore, 


100 .100(3) 


a = 180 X 0.25 = 45 deg. 


and 


180 180 
оа 7 135 7 t993 


The coefficient B,’ in equation (24) is therefore 
В) 20.811 cos 82.5 X 1.333 =0.811 X 1.333 X 0.92388 = 0.996 


The maximum ordinate of the fundamental harmonic is there- 
fore 99.6 per cent of the maximum ordinate of the trapezoid. 

The coefficients Ву, Вь..... В,” are most conveniently cal- 
culated by tabulating as follows: 
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Harmonic Ви’ 
B, 100 = 
а” ; а 
=n ^ cos — >. By B, cos z^ Bo созчу 
B соза/2 ui 
1 22.5 + 0.924 + 0.811 + 0.749 100% 
3 67.5 + 0.3827 — 0.09 — 0.0344 — 4.59% 
5 112.5 — 0.3827 + 0.032 — 0.0123 — 1.64 
Т. 157.5 — 0.924 =0.017 + 0.0145 + 1.93 
9 202.5 — 0.9205 + 0.01 — 0.000205 — 1:23 
11 247.5 — 0.3827 — 0.007 + 0.00267 + 0.356 
13 292.5 + 0.3827 + 0.005 T 0.001915 + 0.256 
15 337.5 + 0.92 — 0.004 — 0.00368 — 0.49 
17 382.5 + 0.92 + 0.003 + 0.00276 + 0.368 
19 427.5 + 0.3827 — 0.002 — 0.000766 — 0.102 
21 473.5 — 0.3827 + 0.002 — 0.000766 "5.102 
23 517.5 — 0.92 — 0.002 + 0.00184 + 0.246 


T his table shows that the third harmonic amounts to —4.59 
per cent of the fundamental harmonic. The negative sign 
indicates that the third harmonic begins with a negative part. 
(1. e., the first curve lies below the axis.) 


RECTANGULAR WAVE 
А very interesting case arises when the trapezoidal wave goes 
over into a rectangular wave. This occurs when a = bora 
= 180deg. Substituting these values in equation No. 3. we find 


B 4 п .180 
В, 100 =r Pod 0 100 — 0 
By, ~ 0.811 соѕ 90 ` 220 


This indeterminate expression сап be evaluated by differen- 
tiating. 


B, _ B, n sin (90? n) 
By Ыш 59 
4a 
Бк 100 =O аа (00406 (4) 


В)” 0.811 
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The factor sin (90? п) equals unity for all the different values 
of n(1,3,5, ....). 

For the harmonics n = 1, 5, 9, 13, etc. sin (п 90°) is positive 
and negative forn = 3, 7, 11, ..... 

From equation (1) we know that the 3rd, 7th, 11th, etc. har- 
monics of a triangular field are negative. It follows therefore, 
that all higher harmonics of a rectangular field are positive. 

Equation (4) points out the very important fact that the nth 
harmonic of a rectangular field expressed in per cent of the 
maximum ordinate of the fundamental, is equal to п times this 
value for a triangular field. | 

The maximum ordinate of the fundamental wave of а гес- 
tangular wave expressed in per cent of the maximum ordinate 
of the rectangular wave can be found by use of equation (2A). 


E a (__ 180 \ _ a b 
Da T 0160579 (1%) = В: (2) (5) 


~~ 


For rectangular wave a = 180, therefore 


180 _ 0 
m o рь 
В: = В, cos 90 0 0 
This expression can be made determinate by introducing the 
relation 


а = 2.4 a = 2 і 
70% т 
then 
b 1 
В/ = By cos —— атр = Bicos F a 
b — ]— — 
T 
By differentiating and setting а = T we find 
В, OT sin (©) “т = 1.275 (5) 


The maximum ordinate of the fundamental wave of a гесїап- 
gular field is therefore 127.5 per cent of the maximum ordinate 
of the rectangle. 
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From equation (4) and from B,’ = 1.275 we find the coeffi- 
cient B,’ to be 


find 


3 X 0.9 sin 270° = 
Ву = 1.57 X 5 X .032 sin (500°) = 


ТІР sin x * Вуз (3х) • Вьзт (5х) +. - 
Е ~ Рог B, see also Fig. 7. 


x 


Уа" 


иш 
С 
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The complete equation of a rectangular wave is therefore 


Ys = [Bi sin x + By’ sin 3x +... Bn sin (nx) | (6) 
where B,’ = 1.57 . п. В, sin (90? n) 
and where В, is the value governing equation (1) 


COEFFICIENTS FOR AN¥ TRAPEZOIDAL WAVE 


The equations (2) and (6) enable us to calculate the higher 
harmonic for any trapezoidal wave. By the use of these equa- 
tions a great many trapezoidal waves have been analyzed and 
the results plotted in Figs. 6 and 7. In many cases it will be 
found useful to refer to these curves. ` 
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INTERRUPTED WAVES 


The waves discussed so far had zero ordinates for the angles 
0, 180, 360 deg., etc. Some waves or field shapes occur, how- 
ever, quite frequently which have zero ordinates over a consid- 
erable range of angles. In the following discussion such waves 
are referred to as “‘ interrupted waves." 

Figs. lr, Іс, Ін represent such waves. 

It is easy to analyze these waves by employing methods 
similar to those outlined above. 


120 140 160 180 


INTERRUPTED RECTANGULAR WAVE 


An interrupted rectangular wave is evidently formed by the 
addition of two “ uninterrupted rectangular waves ” which have 
a certain phase displacement against each other. This will 
readily be seen by referring to. Fig. 8. 

From equation (6) for an uninterrupted rectangular wave 

it follows: 
Y, = Н, (1.275 sin x + .425 sin 3 x + .252 sin 5 x + .186 sin 
7 x + .141 sin 9х + .19 sin 11 x + .012 sin 13 x + .0939 sin 
15 x + .0901 sin 17 x + .044 sin 19 x + .0656 sin 21 x + .0721 
sin 23 x) 


Digitized by Google 


1915] WEICHSEL: HARMONICS 2447 


The interrupted rectangular wave given in Fig. 8, is composed 
of two uninterrupted rectangular waves with a phase displace- 
ment of y deg. against each other. The maximum ordinate of 
the fundamental harmonic for the interrupted rectangular wave 
is therefore the vector sum of the maximum ordinate of the 
fundamental -harmonic of the two component uninterrupted 
rectangular waves. 

This is graphically represented by Fig. 9. 

From this it follows that: 

ө 


Ви. Hy, = 2В,'. Н, cos y/2 
or generally 


Ba % Ну, = 2 В„' . iy COS у; 2 


Fic. 8 


By substituting this іп the above equation, we find 
В, = B, cos y/2 


The complete equation for an interrupted rectangular wave 1s 
therefore: 


Ya; = Ha; | By,’ sin X + Bu'sin3 X+... Bn sin (n x) | (7) 


where В, = В,” cos ( т.) and B,' equals the coefficient for 


the nth harmonic of an uninterrupted rectangular wave. 
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From equation (6) we know В,’ = 1.57 n B, sin (90? п) 


Therefore: В,” 1.57 n В, sin (90° n) cos ( - x ) (ТА) 


Where B, = coefficient for a triangle (see equation (1) 


ү Y ‚ 180? (see Fig. 8). 


Нұ = maximum ordinate of interrupted rectang- 
ular wave. (See Fig. 8.) 


INTERRUPTED TRIANGULAR WAVE 
A wave given in Fig. lr may be called an ''interrupted tri- 
angular wave." It wil be shown that such a wave may be 
considered as composed of 2 uninterrupted trapezoidal waves 
which are equal but have a phase displacement of а degrees 


Fic. 10 


against each other. This is shown in Fig. 10. From this 
follows: 


C 


A — 2d 


C a— 2d 


b b 


buta + 2d = b;2d = b— а. 
C а- 5--а 2а 


Therefore -- = + C OE = he — 1 
с а 1 а C 1 
Dg cope Op oS 
а... c+b 
b 2b 
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and if we make a = т . 180° 
ы A 180° "> E uc “Үз ды | 
LE we EC: 180 ^ 360 7 2 
а = 5 + 90° (8) 


The equation (8) gives the very important relation between 
the angle œ of the trapezoid and the angle y, over which the 
ordinates of the interrupted triangular wave are zero. 

The phase displacement between the two trapezoids forming 
the interrupted triangular wave, is equal to а deg. as indicated 
in Fig. 10. If B,' HI, represents the maximum ordinate of the 
nth harmonic belonying to one component trapezoidal wave, 
then the maximum ordinate Bn; Пл, of the mth harmonic 
belonging to the interrupted triangular wave is given by 

> 


В, . H^, = 2 В, А П; COS 


But Ha, = 2 Н; 


и. п 
2 


Therefore B,,’=B,’ cos 


On the other hand we know from equation (2) that 


"WE па 180 
айны За 


The complete equation of an interrupted triangular wave, is 
therefore 


2 
Ул, = На: В! cos sin X + Bs созд = ) sin 3 X 
180 
2 a Аб з 
+ + В, со ) sin (w x) | 180 — а (9) 
Where B, B, ...... B, are the coefficients of equation (1) 


and а 15 given by equation (8). 
a= 57/2 + 90? 


== 
М 


4 
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y = angle for which the ordinates of the interrupted wave аге | 
zero. (See Fig. 10.) 

Some time may be saved in analyzing interrupted triangular | 
waves, by making use of the curves given in Figs. 6 and 7. 
These curves give the coefficient В,” of an uninterrupted trape- 
zoidal wave. Introducing these values we obtain: 


За 


Ya, = Ha, | By’ cos Ș sin X + Bs’ cos 2 sin 3 X +.... 
+ В,” cos =~ sin (n 2 (94) _ 


INTERRUPTED TRAPEZOIDAL WAVE 


Fig. 1H represents an interrupted trapezoidal wave. It will 
be shown that such a wave can be considered as composed of 


14! : 


Fic. 11 


two uninterrupted trapezoidal waves with a certain phase dis- 
placement € against each other. Fig. 11 demonstrates this 
clearly. From this figure it follows: 


c -2/ = а-а 
c+d=a-—2fbuta+2f =) 
2f=b-a 
therefore c + d=a—b+a= 2a-—b 
a= ster’. and if we introduce the relations 
a о 
a= p 19 
d 
6 = = 180 | 
| 
C 
у = 44 150 
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From Fig. 11 we see further that 
є = a — d; ог expressed in degrees, є = а — 6 
Introducing the value for а from equation 10, we find 


_ ¥+64+180—26 _ y + 180° – ô 
00 0 8 B 


є = Ж al a + 90° 
2 (11) 


The equation (11) gives the phase displacement € between the 
two component uninterrupted trapezoidal waves, expressed in 
terms of у a 6 which are the factors that determine the shape of 
the interrupted wave. 

In а similar manner equation (10) determines the value а as 
a function of the determinant factors y a 6 of the interrupted 
wave. К. 

The equations (10) апа (11) determine, therefore, the shape and 
the phase displacement of the two component uninterrupted 
trapezoidal waves. 

The harmonics of equal order belonging to the two component 
uninterrupted trapezoidal waves, add vectorially and from the 
harmonic of equal order belonging to the interrupted trapezoidal 
wave. 

We obtain therefore: 


В, . Hy, = 2B,’ . Ну cos > 


but H: = 


H; | 
2 
Therefore В, = B,’ cos $ 


In the same manner we find the coefficient of the nth harmonic: 


en 
B,,’ = B, cos о 


The equation for an interrupted trapezoidal wave is, therefore 


sin 3 X +... 


Y, = Hi, В,’ cos 5 sin X + Ву” cos os 


+ B,' cos > sin (n x) | (12) 
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Where B,’, B3’;... В,” are coefficients from curves б and 7 or 
from equation 2a. 

If it is preferred to introduce in equation (12) the coefficients 
Bi; B3 .... B, of a triangular wave, we must remember that 


Р па 180 
В, = B, cos (2) IRO—a' therefore 


a 180 Е 
; = Ih; | B, cos (5) тво —а 99$ 9 sin X 


« + В, cos ЕЗ = COS (5) sin (n x) | (12a) 

Where B,; B; .... B, are the coefficients of а triangular 
wave as given in equation (1). 

For a 7’ є' see Fig. 11 and equations 10 and 11. 

The equation (12a) represents the equation of an interrupted 
trapezoidal wave, but as an interrupted rectangular wave is a 
special case of interrupted trapezoidal wave, it must be possible 
to transform equation (12a) into equation (T). This can be 
accomplished by making 6 + y = 180. 

Therefore equation 10 becomes а = 180, and equation (11) 
becomes 


p = YUM Y) + 90 = 27 — 180 


= Y 


Introducing these values into equation (12) we find 


Yes Hi | Ви cos + sin X + Ву” cos $I sin (3 X) 


+ .. В,’ cos ЕЗ sin (их) | 


which is the same as equation (7) for an interrupted rectangular 
wave. 
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In a similar manner we can derive from equation (12) the 
equation (9) for an interrupted triangular wave. Іп this case we 
make d = 0 


Therefore a = yt from equation (10) and є = 
+1890 from equation (11). Therefore є = а and this 


substituted in equation (12) gives: 


Yn = Hj | Ви cos S sin X + By,’ cos i sin 3 X 
+ ....B,’ cos = sin (n x) | 
апа а$ 
ka па 180 
В,’ = B. cos ( 2 ) 180— a 
we get 


Ys, = Hz, | Bi cos са ) sin (8 X) 


2 sin X + B; cos*( за 


; e) | у}. 180 
+ ....B, cos ( ә”) sin (n x) | 10-2 


which is equation (9) for an interrupted triangular wave. 

Also the equation of an uninterrupted triangular wave can be 
derived from equation (12). 

We have already seen that equation (9) for an interrupted 
triangular wave is a special case of equation (12). If we now 
assume a = 90 deg. such as must be the case for an uninterrupted 
triangular wave (See Fig. 10), it follows that 


= cos 2 45° = 0.5 


a 
cos? 


а 


COS {= а) 


cos ?( — 45°) = + 0.5 


№ 


cos ?(n 0.45) = + 0.5 


о 
еј 
п 
ю 
— 
= 
bo 
R 
“Ы, 
| 
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а 180 , А 
Therefore cos 2 vega а 1 and cos ( 


na) 180 21 


2 180 -а 


Y, 


$ 


= Hy | B, sin X + Basin 8 X +....By sin (nx) | 


which is the same as equation (1). 


We have proved, therefore, that equations (12) or (12a) for an 
interrupted trapezoidal wave, is the most general equation we 
can derive. All the other equations for interrupted waves 
(9) and (7) as well as the equations for uninterrupted waves, 
(1), (2) and (6) are merely special cases of equation (12) or 
(12a). 

СомроѕІТЕ WAVES 

In the preceding discussion we have derived the equations 
for uninterrupted triangular, trapezoidal, and rectangular waves, 
and interrupted triangular, trapezoidal, and rectangular waves, 
see Fig. la, 1B, Іс and Fig. IF, 1н, 1). 

A further, not uncommon, wave shape is represented in Fig. 
1р and le. Let us designate waves of this character as “ com- 
posite waves.” Fig. 1р obviously represents a composite 
wave which is the sum of a number of rectangular waves. 
In order to derive the equation for such a wave, it 1s therefore 
necessary only to derive the equation for each of the individual 
rectangular waves, and to add all values of equal order. 

Exactly the same is true for a composite wave as given in Fig. 
le. In this case we form the equation for the uninterrupted 
trapezoidal wave, and for an interrupted triangular wave, and 
add all values of equal order. 

The number of possible “ composite waves " is practically 
infinite. However, the two examples discussed will suffice 
to outline the general method to be perused in driving the 
equation of any composite wave. 


) 
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THE MAGNETIC PROPERTIES OF SOME IRON ALLOYS 
MELTED IN VACUO 


ВУ TRYGVE D. YENSEN 


А ABSTRACT OF PAPER 


In a paper presented before the Urbana Section, April 16, 
1914, the author described results obtained from tests made on 
pure iron melted in vacuo, to obtain data as to its magnetic and 
allied properties. 

The present paper describes further experiments on various 
alloys of the electrolytic iron melted in vacuo with other elements 
The author deals briefly with the iron-boron and iron-carbon 
allovs, and presents results obtained with the iron-cobalt alloy 
Fe;Co, but gives in greater detail the data in rcgard to iron- 
silicon alloys, from which the most remarkable results were 
obtained. 

The two best allovs were obtained with about 0.15 per cent 
and 3.40 per cent silicon, after annealing at 1100 deg.cent. Тһе 
values of maximum permeability for both of these alloys are above 
50,000, and the values of hysteresisloss for Bmax = 10.000 and 
15,000 are about 300 and 1000 ergs рег cu. ст. per cvcle respec- 
tively. This hysteresis loss is 1/8 and 1/3 of the corresponding 
loss for commercial silicon steel. 

While both alloys have similar magnetic properties, the 3.40 
per cent silicon alloy has a specific electrical resistance nearly 
five times that of the 0.15 per cent allov, making it particularly 

. desirable for use in electromagnetic machinery in places where 
a low eddy-current loss is а requirement, in addition to high 
permeability and low hysteresis loss. 


I. INTRODUCTION 


N APRIL, 1914, the author presented a paper! before the 
Urbana Section of the Institute in which he gave the 

results obtained with regard to the magnetic and allied proper- 
ties of pure iron melted in vacuo? The iron thus produced 
was shown to have—on account of its high degree of purity— 
magnetic properties much superior to ordinary grades of iron; 
and the prediction was made at that time that the electrical 
resistance of the vacuum-iron, which in the pure state is very 

Manuscript of this paper was received September 1, 1915. 

1. TRANsACTIONS А. I. E. E., 1914, Vol. XXXIII, Part I, p. 451. 
(A. I. E. E. PROcEEpDINGS, February, 1915, p. 237). 

2. The investigations have been carried on at the Engineering Ex- 
periment Station of the University of (Illinois, 
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low, could be raised by the addition of silicon or aluminum, 
without impairing the magnetic properties to any large extent. 
Since that time the investigations have been continued and 
additional information with regard to the vacuum iron and its 
allovs with other elements has been obtained. 

This paper will deal briefly with the iron-boron and iron- 
carbon alloys, and will present the results obtained with the 
iron-cobalt alloy, Ее,Со, but the main part will deal with the 
iron-silicon alloys, as these appear to be of more than usual 
interest. 


Material, Apparatus and Methods? The iron used as the ' 


basis of the investigation consisted of electrolytically refined 
iron, containing less than 0.01 per cent carbon and about 0.01 
per cent silicon. Before being used, the iron was crushed, 
cleaned with НСІ, distilled water and alcohol, and then dried 
by means of ether in vacuo. About 600 grams of this cleaned 
iron was then placed in a fused magnesia crucible together with 
the desired portion of the alloying element, covered with a 
magnesia cover and placed in an Arsem type vacuum furnace, 
where it was melted under a finishing pressure of 0.5 mm. of 
mercury. A view of the furnace room is shown in Fig. 1. 
The ingots, after being allowed to cool in the furnace, were 
heated in an ordinary coke forge and forged into rods about 
4 in. (1.25 cm.) by 20 in. (50 cm.) under a steam hammer. 
From these rods the test pieces were prepared; one rod 14 in. 
(35.5 cm.) long for the magnetic and electrical tests; two test 
pieces, 21 in. (6.8 cm.) long, with threaded ends, for the me- 
chanical tests; and one small specimen for the metallographic 
investigation. Tests were made after the following heat 
treatments: 


1. As forged. 

2. Annealed at 900 deg. cent. Cooled at a rate of 30 deg. 
per hour. 

3. Annealed at 1100 deg. cent. Cooled at a rate of 30 deg. 
per hour. 


The annealing of the iron-boron and iron-carbon alloys was 
done by placing the rods in an iron cylinder filled with magnesia 
and heating this cylinder in a Hoskins type carbon resistance 
furnace. The iron-cobalt and iron-silicon alloys were annealed 

3. Details with regard to material, apparatus and. methods used are 


given in Bulletins No. 72 and No. 77 of the Eng. Exp. Sta. of the Univ. 
of Ill. 
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in vacuo, so as to preclude any possible contamination by 
gases. The furnace used for this purpose is shown in Fig. 1, 
the vacuum part consisting of an ''electroquartz " tube with 
mercury-sealed ends. 

The Magnetic Testing. The Burrows compensated double 
bar and yoke method has been used for the magnetic testing, 
as this is the method now generally adopted whenever accurate 
testing is desired. Briefly stated, the apparatus consists of 
one main coil, Г, (Fig. 2a) and one auxiliary coil, A, separately 
controlled, and four compensating coils, C, connected in series. 


s 


X 
| 


12” . m - ‘Sw Charcoal Iron 
“| 


Нага Rubber 


SECTION THROUGH X X | 
END VIEW 


Fic. 24—PERMEAMETER 


Coil Data. 
T, A and C coils—10 layers No. 18 B. & S. enameled copper wire, 20 turns per inch per 
layer (7.875 turns per cm.) and a coils—64 turns each of No. 30 B.&S. d. $. C. copper wire; 
C and c coils 32 turns each of No. 30 B. & S. d. s. c. copper wire— connected in series. 


By means of the three secondary coils, /, a, and c, the magnetic 
flux can be investigated at different points of the magnetic 
circuit and equalized by adjusting the currents in the magnetiz- 
ing coils. With no leakage of flux, the magnetizing force at 
the middle of the main coil is 


Hi, = 0.4 7 Nels | (1) 
where №; = number of turns рег cm. of main сой 
Ir = current in main coil in amperes. 


An егтог is introduced here on account of the effects of the 
ends of the various coils on the magnetizing force at the center 
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of the main coil. The permeameter used in the first part of 
the investigation consisted of coils 9 in. (22.8 cm.) long, re- 
quiring 12-in. (30.5-cm.) rods. Using this apparatus the 
theoretical error in Ну with the same current in all the coils 
was less than +1 percent. On account of the high permeability 
of the rods, however, the compensating current sometimes had 
to be 10 times the current in the main coil. Under this con- 
dition the theoretical error in Н; was +4 per cent, that is, 
4 per cent should be added to Н; as calculated by means of 
equation (1). With the new apparatus, shown in Fig. 2B, re- 
quiring rods 14 in. (35.5 cm.) long, the theoretical errors under 
the above two conditions were reduced to — 0.02 per cent and 
+0.8 per cent, respectively. With the silicon rods of highest 
permeability the maximum compensating current was 30 times 
the current in the main coil, causing a theoretical error іп Нт 
of +2.3 per cent. However, experimental evidence seems to 
show that the actual errors are larger than the theoretical con- 
siderations would lead to, as will be shown below. 

Another source of error in the magnetic testing is mechanical 
strain caused by clamping the rods in the yokes. 

While it is well known that mechanical stress affects the 
magnetic properties of iron, it was at first considered safe to 
clamp the magnetic test rods in the permeameter without re- 
gard to the method of clamping, on the assumption that the 
strain due to the clamping would be negligible. It was, however, 
noticed that in certain cases the permeability increased materi- 
ally by turning the rods from one position to another and re- 
clamping, while in other cases the opposite took place. It 
soon became evident that this change of permeability was due 
to mechanical strain, in such a way that the least strain gave 
the highest permeability.5 In the construction of the per- 
meameter used in the iron-silicon investigation, particular at- 
tention was given to the yokes to be sure that the holes for 
receiving the rods were perfectly parallel. However, even 
with these yokes inconsistencies were observed that finally 
were traced to strain. Table I gives the results obtained by 
the different methods of clamping. It shows (Table Ia) that 
by tight clamping the values of В, for H = 0.5, may vary from 
8000 to 11,000, for the same rod, that 1s, about 30 per cent, 

4. See Bulletin, Bureau of Standards, Vol. 6, No. 1, Reprint No. 117. 


9. Bulletin No. 72, Eng. Exp. Sta., p. 40. Trans. A. I. E. E., Vol. 
XXXIII, Part I, p. 468. 
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and that it seems to matter little which rod is used as auxiliary. 
With the yokes clamped so as to give good contact and yet not 


TABLE I—RESULTS OF STRAIN TESTS 
I А--Ткзт Кор No. З Si 14 C wirH Various AUXILIARY Rops 
Induction В, for Н =0.5 


Rods more or less strained, due to tight yokes Yokes loose, no 

strain 

Aus. rod Series 3 

used Series 1 Series 2 after reclamp- Series 4 
after reclamp- | ing and cleaning 
ing ends of rods 

3-54 B 9,330 9,800 9,250 11,700 
3 Si 09 С 9,900 8,240 8,040 11,600 
3 $1 10 С 10,110 10,250 8,940 11,800 
36111 С 11,060 10,250 11,160 11,800 
3 $: 12 С 9,650 10,670 8,290 11,700 
3 51 13 С 10.850 9,230 8.600 11,700 


I B.—Test Кор No. 3 Si 10C мин AUXILIARY Кор No. 3 $1 09 C 
Induction B, for H =0.5 


Condi- Haux Compen- B 
tion Method of clamping for sating |for 3 Si 10C 
No. 3 5109 С | current, 
Ic 

l. Yokes loose, no strain on rods, no air gap be- 

tween rods and yokes ................ 0.7 0.059 11460 
2. Yokes tight, rods strained, magnetizing 

currents same аз above............... same same 11300* 
3. Yokes tight, rods strained, magnetic circuit 

balanced «cierra EE Va doa E 0.8 0.042 10550 
4. Yokes loose, no strain on rods, magnetizing 

currents same as арохе.............. same same 114601 
5. Yokes loose, no strain on rods, magnetic сіг- 

cuit balanced... уау ERES 0.7 0.051 11460 
6. Yokes loose, no strain on rods, small air gap 

between rods and yokes.............. 0.7 0.105 12460 
7. Yokes tight, rods strained, small air gap be- 

tween rods and уокев................ 0.8 0.058 10890 
8. Yokes loose, no strain, no air gap between e 

rods and уоКев...................... 0.7 0.059 11460 


* Magnetic circuit not balanced; on account of better contact between rods and yokes 
Тс is too large, and yet В is reduced, showing that strain decreases permeability. 

+ Magnetic circuit not balanced; on account of poorer contact between rods and yokes 
Ic is too small, and yet B is increased, showing that removal of strain restores the rod to 
its normal condition. 


strain the rods, the results vary only about 1 per cent, and this 
may be due to influences other than mechanical strain. The 
figures for tight yokes show that it is possible to have the yokes 
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tight and yet have little strain on the rods, but there is no way 
to ascertain whether the rods are strained, if the yokes are tight. 

Table [в shows, perhaps, even more convincingly, that the 
inconsistent results shown in Ia are due to strain. Starting 
with no strain on the rods and the circuits balanced, the value 
for B was found to be 11,460, which is considered to be the 
correct value for the rod used. Without changing any of the 
magnetizing currents the yokes were then tightened. Under 
this new condition the contact between the yokes and the rods 
was better than under the first condition and should require 
a smaller compensating current to balance the magnetic cir- 
cult. In spite of the too high compensating current, B was 
apparently decreased to 11,300. Balancing the magnetic cir- 
cuit shows the true value of B under this condition to be 10,550. 
Leaving the magnetizing currents unchanged, the yokes were 
then loosened (condition 4). The compensating current under 
this condition was naturally too small, as the contact was not 
as good as before, and vet the apparent value of B was increased 
to 11,460. This is probably the most forceful evidence in favor 
of the contention. Balancing the circuit (condition 5) shows 
the true value to be 11,460, the same as under condition 4. 
This is evidently due to the fact that the auxiliary rod had 
been strained more than the main rod, shown by the necessity 
of decreasing Hauz from 0.8 to 0.7. 

Under condition 6 a small air-gap was produced between 
the rods and the yokes by means of tissue paper, necessitating 
a doubling of Z. Тһе value obtained for B in this case was 
12,460, an increase of 1000 over the value obtained with no 
air-gap. According to theoretical calculations, only one-tenth 
of this increase can be attributed to the increase іп 1, as a 
compensating current of 0.105 (which 1$ 21 times the main 
magnetizing current) should increase H as measured, only by 
about 2 per cent. It is possible that the rest of the increase 
may have been due to the removal of a slight strain that existed 
with no air-gap, but it seems more probable that the com- 
pensating current has a larger effect than is shown by theoretical 
considerations. If it be assumed that the total increase is due 
to I., Н as measured is evidently increased 8 per cent due to a 
compensating current equal to 10 times the main magnetizing 
current, and correspondingly for other ratios. Should this 
assumption be correct, the results recorded in this paper are 
somewhat exaggerated, as corrections have been made accord- 
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ing to theoretical considerations only. More experimental evi- 
dence is, however, necessary before final judgment can be 
passed, and in the meantime the reader, in studving the re- 
sults, should keep this matter in mind, remembering at the 
same time that whatever the effect of the compensating cur- 
rent may be, the results are strictly comparable. 

Under condition 7 the rods were strained, bringing the value 
down to 10,890, nearly the same as under condition 3. Remov- 
ing the air-gap and testing with no apparent strain, the value 
found for B was 11,460, the same as under similar conditions 
before. It is interesting to note that 7, under the last two 
conditions was practically the same, while B with the rod 
strained was about 600 gausses less than with no strain, another 
forceful argument showing that the permeability is decreased 
by a slight strain. 

The condition of no strain can, of course, only seldom be ap- 
plied in practise, but it 1s necessary in an investigation of this 
kind to make the tests under conditions that can be duplicated 
and standardized, in order to obtain results that are comparable, 
and Table I shows very plainly that the “ no strain " condition 
is the only one that fulfills this requirement. Another argu- 
ment for the adoption of the “по strain " condition is that this 
is the condition that exists in the only other reliable method 
of magnetic testing that the author knows of, namely, the 
Rowland ring method.$ 

The apparatus was calibrated from time to time by means of 
an air-coil, and also by means of rods submitted to the Burcau 
of Standards for standardization. While the rods submitted 
to the Bureau did not include any of the high permeability 
rods, the certificate received serves, nevertheless, as a general 
check upon the apparatus. The results obtained at the Univer- 
sity check very well with those obtained by the Bureau and also 
with results obtained by the calibration laboratories of two of 
the large manufacturing companies. As a matter of fact, the 
permeability obtained at the University is slightly lower than 
that given by the Bureau of Standards certificate. 


II. IRON-BORON AND IRON-CARBON ALLOYS 
These two series of alloys will be discussed together, as boron 
and carbon seem to behave very similarly in their effect upon 


6. Most of the inconsistencies that appeared in the previous paper 
on the properties of pure iron can no doubt be attributed to strain, in 
view of the results shown here. 
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the magnetic properties of iron. The properties of the 1гоп- 
carbon series, prepared under ordinary conditions, have been 
investigated’ very extensively in times past, and are consequently 
very well-known. As the removal of carbon 1$ the chicf cause 
of the.improvements obtained by means of the vacuum process, 
it was not to be expected that the iron-carbon alloys prepared 
by that process would exhibit properties differing to any large 
extent from those of iron-carbon alloys prepared under ordinary 
conditions. While this part of the investigation has not yet 
been completed, the results obtained indicate that this expecta- 
tion in general will be met. 

Iron-boron alloys have thus far received only slight attention, 
and, as far as can be found, practically nothing has been done to 
determine their magnetic properties. On that account it may 
be of interest to summarize the results obtained by the author, 
in spite of the fact that they offer no promise that any valuable 
alloy will be found in this series. Thirty iron-boron alloys were 
prepared, the maximum boron content being 0.45 per cent. 

The results may be summarized as follows: 

1. Small percentages of boron added to pure iron and melted 
in vacuo have a double effect upon the iron, since part of it re- 
duces the iron oxide present and the remainder combines with 
the iron. In this respect boron differs from carbon, as the latter 
does not combine with the iron unless added to larger quantities 
than are needed to reduce all the iron oxide present. 

2. Small additions of boron to iron have a slightly beneficial 
effect upon the magnetic properties, probably on account of 
the reduction of iron oxide, which more than offsets the effect 
of the combined boron. ‘The beneficial effect in the present case 
reached a maximum with the addition of 0.05 per cent boron, 
and ceased as soon as the amount of combined boron became 
measurable, which occurred with the addition of 0.10 per cent 
boron. 

3. Boron added in a sufficient amount to leave a measurable 
quantity combined with the iron has a decidedly detrimental ef- 
fect upon the magnetic properties of the iron. 

4. Boron increases the specific electrical resistance of iron by 
0.62 microhms per 0.1 per cent boron combined with iron. 

7. The most recent investigation on iron-carbon alloys is that by 
Gumlich, Trans. Faraday Soc., Vol. 8, p. 98, 1912. 


. 8. For а full report of the results see Bull. No. 77, Eng. Exp. Sta. 
Univ. of Ill., 1915. 
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5. The effect of boron upon the mechanical properties of iron 
is in general similar to that of carbon. It raises the elastic 
limit and increases the ultimate strength, at the same time de- 
creasing the toughness. | 


III. Tue IRoN-CoBarT ALLOY, ЕЕ›Со 


This alloy was first produced by Dr. P. Weiss,’ who found that 
it had a saturation value of magnetization 10 per cent higher 
than that of pure iron. Previous to that time the magnetic 
properties of iron and iron allovs in intense fields had been in- 
vestigated by Ewing and Low," Du Bois," Gumlich, 12 and by 
Hadfield and Hopkinson." The intensity of saturation, I., for 
pure iron, obtained by these investigators, ranged from 1680 to 
1750, and, until Weiss produced his Fe;Co alloy, it was generally 
thought that no alloy had a higher saturation value than pure 
iron. | 

On account of the remarkable magnetic properties obtained 
for pure iron by melting it in vacuo, it was suggested totheauthor 
by Dr. Jacob Kunz, that the iron-cobalt alloy, Fe;Co, might 
show some interesting properties when prepared under such con- 
ditions. An investigation was consequently undertaken, and 
the results fully met the expectations. The magnetic properties 
in low and medium fields were measured by the Burrows method, 
described on p. 2457, while the saturation values were obtained 
Бу Dr. Е. Н. Williams of the Physics Department by means 
of the isthmus method. 

The results are shown in the following tables and figures. 
For the sake of comparison the properties of a few other grades 
of iron and iron-alloys, tested under identical conditions, have 
been included. 

The chemical analysis shows that the iron-cobalt alloys con- 
tain 33.34 per cent cobalt and may thus be said to conform quite 
closely to the formula FesCo. 

With regard to the saturation values, it 1s seen from Table II 
that the results obtained in this investigation show that the iron- 
cobalt alloy, FesCo, has a saturation value about 13 per cent 

9. Trans. Faraday Soc. 8, p. 149, 1911-12. Compt. Rend. 156, 
p. 1970, 1913. 

10. Proceedings Royal Soc. 42, p. 200, 1887. Phil. Trans. 180 A, 
p. 221, 1889. 

11. Phil. Mag. 29, p. 293, 1890. 


12. Elektrolech. Zeitschr. 30, p. 1065, 1909. 
13. Journ. Inst. Elect. Engrs., Dec. 1910. 
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higher than that of pure iron, irrespective of the method of melt- 
ing. However, the saturation values both for pure iron and for 


TABLE II—J,—SATURATION INTENSITY OF MAGNETIZATION 


As forged | Annealed at | Aunealed at 


Specimen 900 deg. cent|1100 deg. cent 

Pure iron—melted in vacuo®............... 1798 1803 1803 
ЕезСо, No. 3Co01 melted in vacuo Bee aces 5.0% 1977 1967 1967 

No. 3Со02 “ x: ee 2036 2039 2039 

No. 3Co03 “ d LIE. eot, Sede de 2057 2048 2048 
FesCo, obtained from Weiss.. .... ......... 1977 
Same, remelted in vacuo®.................. 2038 

As rolled 

Cold rolled stel: 6.255.866 Lake or rin dE Re 1750 


1. At a pressure of about 3.0 mm. Hg. 
2. At a pressure of about 1.0 mm. Hg. 
3. At a pressure of about 0. 5 mm. Hg. 


the iron-cobalt alloy are raised about 3 per cent by melting the 
substances in vacuo. While the saturation value is primarily 
of scientific interest, Fig. 3 shows that the iron-cobalt alloy 
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may be of practical importance in the electrical industry. While 
its magnetization curve is 13 per cent above that for pure iron 
at saturation, it is 25 per cent higher in medium fields, such as 
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H = 50toH = 200. It crosses the pure iron curve at H = 7.5 
and remains below at lower densities. However, its maximum 
permeability is 13,500, which is much higher than is obtained 
for the best grades of transformer iron at the present time. The 
hysteresis loss, too, is as low as or lower than that in commercial 
grades of iron. Its chief importance, however, lies in its high 
magnetic permeability at high densities. An increase here of 
25 per cent, when coupled with a low hysteresis loss, is a highly 
- desirable characteristic, for instance, for the teeth of the arma- 
tures of dynamo machinery, where the density is very high. 
The mechanical properties of this iron-cobalt alloy, as seen 
from Table V, are not particularly advantageous. In the forged 


TABLE IV.—ELECTRICAL RESISTANCE, MICROHMS PER CU. CM. AT 
20 DEG. CENT. 


Annealed Anncaled 
Specimen As forged at 900 deg. | at 1100 deg. Remarks 
cent. cent. 

Pure iron— melted in 

уасцо............. 9.90. 9.85 
Fe:co. No. 3 Co 02 

meltedin vacuo..... 9.55 10.15 10.10 
Fe:Co. No. 3 Со. 03 

melted in vacuo..... 9.25 9.72 9.60 

Commercial Grades 
Standard transformer : 

steel оар аза уа Қ, арады 11.00 Received manufac- 
4 per cent silicon steel. Prin 51.00 ) deir 

treatment. 

Swed. charcoal iron... heed 10.57 


state, while rather brittle, it is considerably stronger in tension 
than pure iron. After being annealed at 970 deg. cent., how- 
ever, its tensile strength has decreased to about one-third, and 
it is even more brittle than in the forged state. It may be that 
the alloy could be annealed at a lower temperature than 970 
deg. cent. and retain some of the strength that it exhibits in 
the forged state, at the same time acquiring the magnetic prop- 
erties obtainable by annealing at 900 deg. cent. 

The electrical resistance of the Fe;Co alloy, as seen from 
Table IV, is about the same as for pure iron, and makes the 
alloy unsuitable for use in places where the eddy-current loss 
is of chief importance. 

Annealing the FesCo alloy at 1100 deg. cent., as seen from 
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TABLE V—RESULTS OF MECHANICAL TESTS 
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Tables II and III, reduces the permeability and increases the 
hysteresis loss considerably, although the saturation value 
remains the same as before. 

The results may be summarized as follows: 

1. The iron-cobalt alloy, FesCo, has a saturation value of 
magnetization 13 per cent higher than that of pureiron. The 
values for the vacuum product, both for pure iron and for the 
Fe;Co alloy, are about З per cent higher than for the corres- 
ponding grades melted under ordinary conditions. 

2. When melted in vacuo its maximum permeability is above 
13,000 at a density of 8000 gausses. While this is consider- 
ably lower than the maximum permeability found. for pure 
iron melted in vacuo, its permeability in medium fields, such as 


PERMEABILITY -// 
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Fic. 44—H vsrEREsIS LOOPS AND PERMEABILITY CURVE FOR IRON-CORALT 
(FE;Co) MELTED IN VACUO—ANNEALED AT 900 DEG. CENT. 


Н = 50to = 200, is 25 per cent higher than that for pure 
iron or for commercial grades of iron. 

3. Its hysteresis loss at densities of 10,000 gausses or below 
is considerably less than for the best grade of commercial trans- 
former iron. At densities of 15,000 or above the hysteresis 
loss is about the same as for this commercial iron, at the same 
densities. 

4. Its specific electrical resistance is about 10 microhms, or 
about the same as for pure iron. 

5. Mechanically it is brittle but fairly strong. Annealed, 
the ultimate tensile strength of the FesCo alloy and of the pure 
iron is about the same, while in the forged state the alloy 15 
more than twice as strong as pure iron. 
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In this iron-cobalt alloy, FesCo, is thus found a substance 
that is suitable for use in places where the magnetic density is 
very high, such as armature teeth of dynamo machinery. Its 
brittleness may, however, be a serious obstacle in this con- 
nection. While its electrical resistance is low, there is reason 
to believe that this may be raised by the addition of other 
alloying elements. 


IV. IRON-SiLICON ALLOYS! 

Probably no series of iron alloys, outside the iron-carbon 
series, has received more attention in recent years than has tho 
iron-silicon series. This is largely due to the fact that some 
of the alloys belonging to this series have proved their superi- 
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Ority over pure iron and other iron-alloys for certain very im- 
Portant purposes in the electrical industry. Тһе iron-silicon 
alloys have been thoroughly investigated from a chemical, 
metallurgical and physical point of view, so that their properties 
are generally very well known. 

The effect of silicon upon the mechanical properties of iron 
Was noticed as early as the beginning of the last century, when 
Mushet found that quartz sand applied to molten iron made 
the iron harder and more brittle. These results were later 
confirmed by other investigators, but it was not until the end 

14. For a more detailed report see Bulletin of the Eng. Exp. Sta., 
Univ. of Ш., 1915. 

15. See P. Paglianti, Metallurgie 9, p. 217, 1912, where references 
to early investigators are given. 
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of the century that systematic investigations of the iron-silicon 
alloys were made. In 1887, Tilden, Roberts-Austin, and Turner’ 
commenced investigations that were continued by Hadfield” 
іп 1889 and ВаКег іп 1903. These were followed by Guillet’ 
in 1904, Bisset? іп 1910 and Paglianti? in 1912. The results 
of these investigations agree fairly well, considering the differ- 
ence in the material and treatments employed. The results 
obtained by Hadfield, Baker, and Paglianti are shown graphi- 
cally in Figs. 5 and 6, together with the curves obtained by 
the author. 
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In connection with his investigation of the mechanical prop- 
erties of iron-silicon alloys in 1889, Hadfield? touched upon 
their magnetic properties. The results arrived at were not 
favorable, as it was found '' that the material (containing 4.43 
per cent silicon and 0.18 per cent carbon) had less suscepti- 
bility and more retentiveness than good soft iron, and that it 


16. Report of British Assoc. for the Adv. of Science, 1888. 
17. Journ. Iron and Steel [nst., 1889, II, р. 222. | 
18. Journ. Iron and Steel Inst., 1903, II, р. 312. 
19. Rev. de Metal., Memoirs, 1904, p. 46. 
20. Iron Age, Aug. 25, 1910. 
21. Metallurgie, 9, p. 217, 1912. 
Rev. de Metal. Extracts 11, p. 4, 1914. 
22. Jour. Iron and Steel Inst. 1889, II, p. 237. 
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had enormously less retentiveness than hard steel suitable for 
magnet making." However, Hadfield continued his investi- 
gations on the magnetic properties of iron-silicon alloys and 
in 1900, assisted by Barrett and Brown, he was able to give a 
report? that was quite different from the one above referred 
to. Among the large number of alloys investigated, the report 
includes two iron-silicon alloys, containing 2.5 and 5.5 per cent 
silicon, respectively. Тһе results show (see Table VI) that 
both alloys have a higher maximum permeability and a de- 
cidedly lower hysteresis loss than pure iron, and that the elec- 
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Fic. 65— MECHANICAL PROPERTIES OF IRON-SILICON ALLOYS, ACCORDING 
TO VARIOUS INVESTIGATORS—ANNEALED 


trical resistance increases at the rate of 10 to 12 microhms per 
cu. cm. for each per cent of silicon added. This remarkable 
discovery caused an almost immediate adoption of the silicon- 
steel for use in electrical machinery, particularly in transformers. 
It also gave a new impetus to the investigation of iron and 
steel alloys for electrical purposes, and a large number of in- 
23. Barrett, Brown and Hadfield: Scient. Trans. Royal Dublin Soc.» 
VII, ser. 2, Part 4, Jan. 1900. 
Barrett, Brown and Hadheld: Jour. Inst. of Elect. Engrs. Vol. 
31, p. 674, 1901-02. 
Reviewed by E. Gumlich: Stahl u. Eisen 1902, No. 6, p. 230. 
24. The electrical conductivity of iron alloys is described in detail 
by Barrctt: Proc. Royal Soc. Vol. 69, p. 480, 1902. 
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vestigators have been searching for new treasures in this field. 
Except for permanent magnets, however, silicon still holds the 
first place as the alloying element giving best results for elec- 
tromagnetic machinery. Among those who have investigated 
the magnetic and electrical properties of iron-silicon alloys 
since Hadfield's discovery are found Gumlich? and Schmidt 
(1901), Baker? (1903), Dillner” and Engstrom (1905), Guert- 
ler? (1906), Burgess? and Aston (1910), Gumlich? and Goerens 
(1912), and Paghanti®! (1912). While the numerical values 
obtained by these investigators vary considerably, they agree 
as to the general effect of silicon upon the magnetic properties. 
Thus it was found that silicon in general decreases the hysteresis 
loss of the iron, and increases the permeability. The rate of 
improvement becomes very large at about 2 per cent silicon, 


TABLE VI.—MAGNETIC AND ELECTRICAL PROPERTIES OF HADFIELD'S 
IRON-SILICON ALLOYS. 


Energy 
Silicon | Max. in- Perme- Reten- Coercive | dissipated] Spec. elec. 
Mark per duction ability tivity force in рег com- | resistance, 
cent for for in terms terms plete cycle,| microhms 
Н += 45 H -8 of В of H ergs per | 
cu. cm. 
S. C. I.| 0.07 zx a rh - 10.2 
B 0.14 16,800 1625 9770 1.66 10,760 10.9 ° 
898 E| 2.50 13,420 1680 4080 0.90 7,900 42.1 
89$ H| 5.50 15,980 1630 3430 0.85 6,500 65.2 


but continues until the limit of forgeability—about 7 per cent— 
iS approached. Gumlich and Goerens expressed the opinion, 
Previously suggested by Hadfield and Hopkinson, that this 
improvement can not be attributed directly to the silicon— 
as silicon decreases the saturation value of the iron—but that 
it is due to the neutralizing effect of silicon upon carbon. It 


25. Elektrotech. Zeitsch., 22, p. 691, 1901. 
26. Journ. Iron and Seel Insi., 1903 II, р. 312. 
Journ. Inst. of Elect. Engrs., 34, p. 498, 1904-05. 
27. Journ. Iron and Steel Insi., 1905 I, p. 474. 
28. Zeitschr. Anorg. Chemie, 51, p. 397, 1906. 
29. Met. and Chem. Engng., March, 1910. 
30. Trans. Faraday Soc. 8, p. 98, 1912. 
Hm Ferrum 10 (12) p. 33, 1912; Chem. Zentr. Bl. (5) 17 (13) p. 380. 
: Metallurgie, 9, p. 217, 1912; 
Rev. de Metal. Extracts, 11, p. 4, Jan. 1914. 
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has been shown that with a silicon content of 3 to 4 per cent 
ог more the carbon in the iron can not exist in the dissolved 
or combined form even if quenched, but is all converted into 
graphite, a form in which it has a much less harmful effect 
than in any other form. These conclusions have received 
further confirmation by the results of Paglianti, who shows that 
quenching increases the coercive force 4 to 7 times for low- 
silicon iron and only twice for high-silicon iron. The effect 
upon the hysteresis loss and permeability is shown to be similar. 

The metallography of the iron-silicon series has been in- 
vestigated by Osmond,” Arnold,? Baker," and by Guertler 
and Tammann. From the data obtained from these researches 
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Gontermann® has worked out an equilibrium diagram for the 
iron-silicon alloys, up to the first eutectic point, 21.4 per cent 
silicon. The diagram is shown in Fig. 7, where the lines not 
established by experiments are shown broken. According to 
this diagram, silicon, in quantities of about 15 per cent or less, 
remains dissolved in the iron throughout all the allotropic modi- 
fications of the latter. If the solution contains more than 15 
per cent silicon, two different crystals are formed upon cooling, 

32. Journ. Iron and Steel Inst., 1890, I, p. 62. 

33. Journ. Iron and Steel [nst., 1894, I, p. 107. 

34. Journ. Iron and Steel Inst., 1903, II, p. 312. 

35. Zettschr. Anorg. Chem. 47, p. 163, 1905. 


36. Zeitschr. Anorg. Chemie 59, р. 384, 1908. 
Journ. Iron and Steel Inst., 1911, I, p. 431. 
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namely the mixed saturated crystal of iron and silicon, con- 
taining about 15 per cent silicon, and a crystal of the com- 
position FeSi. 

The results of the above investigations are confirmed by 
the photomicrographs published by Baker, Guillet,", Guertler 
and Tammann, Gumlich and Goerens, and Paglianti.? These 
show that with a silicon content of 15 per cent or less there 1$ 
only one kind of crystal present in the allovs, with the excep- 
tion—in the low-silicon alloys—of the cementite crystals caused 
by the carbon present in the iron to a greater or less extent. 
With a higher silicon content—above 3 or 4 per cent—carbon 
is no longer precipitated as cementite, but as graphite, and 
appears in the form of black spots on the surface of the polished 
specimen. 


V. RESULTS 


1. Chemical Properties. Table VII gives a complete list of 
all the alloys made, together with the chemical analysis for 
silicon. From the amount of silicon added, the percentage 
10st in terms of the weight of the ingot has been calculated and 
listed in the fourth column. The only elements that are present 
in the alloys as impurities in a measurable quantity are carbon, 
amounting to about 0.01 per cent, and oxygen. 

It has been previously shown? that the electrolytic iron, 
even after the thorough cleaning to which it was subjected 
before melting, contained about 0.4 per cent oxygen in the 
form of some oxide of iron. It was shown that while carbon 
will reduce the iron oxide befcre commencing to ccmbine with 
the iron, boron will combine with the iron before all the iron 
oxide is reduced, its affinity for oxygen being about twice its 
affinity for iron. From Table VII it is seen that silicon in this 
respect acts like boron, with this difference, that its affinity 
for iron is much stronger than its affinity for oxygen. The 
percentage of silicon lost, that is, the percentage that has been 
oxidized and changed into slag, increases, somewhat irregularly, 
with the silicon added, but reaches a maximum of about 0.5 
. per cent. Аз silicon oxidizes to S:O;, the maximum amount of 
37. Rev. de Metal. Memoirs, 1904, p. 46. 

38. Trans. Faraday Soc. 8, p. 98, 1912. 
39. Metallurgie 9, p. 217, 1912. 
Rev. de Metal., Extracts, 11, p. 4, Jan. 1914. 


40. Trans. A. I. E. E., 1914, Vol. XXXIII, Part I, p. 451. 
Bulletins 72 and 77, Eng. Exp. Sta., Univ. of Ш. 
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oxygen absorbed is 0.44 per cent, or the same amount that was 
found in the two previous investigations, using carbon or boron. 


2. Mechanical Properties. The results of the mechanical 


TABLE VII.—LIST OF ALLOYS. 


Silicon 
ші Silicon content Silicon 
Specimen added as per lost Remarks 
No. per cent chem. per cent 
anal. 
per cent 
3-51 0 000 аЬ". 0.001 ТҰТ! These rods were discarded after 
3-52 0.000 * 0.001 — annealing at 1100 deg. cent. on account 
3-53 0.000 “ 0001 EXCESS of oxidation due to a leakin thefurnace. 
3-54 0.000 “ 0.001 
3-55 0.000 “ 0.001 
3 $105 0.092 0.068 0.024 
3 S1 06 0.185 О 148 0.037 
3 Si 07 0.276 0.242 0.034 The magnetic data for these rods, af- 
3 S1 08 0.368 0.309 0.059 terannealing at 900deg.cent. were taken 
3 Si 09 0.460 0.400 0.060 before the effect of strain due to tight 
3 Si 10 0.551 0.472 0.079 clamping of the yokes was noticed. 
3 Si 11 0.643 0.563 0.080 It was impossible to re-test these rods 
3 $1 12 0.734 0.673 0.061 annealed at 900 deg. because they were 
3 81 13 0.825 0.698 0.127 already annealed at 1100 deg. Data for 
38114 0.916 0.822 0.094 J 1100 deg. annealing were taken without 
38115 0.138 0.064 0.074 strain. 
3 Si 16 0.046 0.010 0.036 
3 Si 17 0.230 0.230 0.000 
3 $1 18 1.810 1.741 0.069 
3 Si 19 2.690 2.550 0.140 Not forgeable. Crushed into mass of 
crystals. 
3 Si 20 3.560 3.580| —0.020 Flaw in center of rod after forging. 
3 $! 21 0 092 0.048 0.044 
З Si 22 0.185 0.091 0 094 
3 51 23 0 276 0 20 0.071 
3 Si 24 2 690 2.570 0.120 Not forgeable. Sameas 3 Si J9. 
3 $1 25 3.560 3 400 0.160 
3 5126 2 260 2 180 0 080 Contaminatcd in melting. 
38127 3.125 2.730 0 395 
3 8128 4 410 4.440] —0.030 
3 Si 29 5 230 4.920 0 310 
З 51 30 8 420 8.5501 —0 130 Not forgeable. 
38131 2.260 1.710 0 5250 
38132 6 850 6 570 0.280 
3 $; 33 0 429 0 420 0 039 || Not used. Made from electrolytic 
3 Si 34 0 915 0.700 0.215 > iron that proved to be impure. 
3 Si 35 0 276 0.193 0 083 |) 
3 Si 36 3.980 3.250 0.430 
3 Si 37 4.810 4.390 0.420 


tests are shown in Tables VIII and IX, and graphically in Figs. 
8 and 9. A comparison between these results and those ob- 
tained by previous investigators was given in Figs. 5 and 6. 
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Fig. 10 is a reproduction of a photograph of some of the test 
Pieces after being tested, showing very clearly the variation 
in the elongation and reduction of area caused by silicon. From 
the figures it тау be stated in general that silicon increases 
the elastic limit and ultimate strength of iron in direct propor- 
tion to the amount added, reaching a maximum at about 4.5 
per cent. From this point on, the elastic limit coincides with 
the ultimate strength, and both decrease very rapidly. The 


TABLE VIII—MECHANICAL TESTS 


As FORGED 
| Elongation 
Number Yield Ulti- per cent Reduc- 
of Silicon point, mate || tion of 
speci- [content, | lb. per | strength| Before | Ulti- area, Remarks 
men | percent; sq. in. lb. per | "neck- | mate |per cent 
Sq. in. ing” 

3-39 0.001 35,800 | 44,700 ыз 39 80 4 

3-53 с 001 44,400 | 46,500 3 24 53.8 

3-55 0.001 38,000 40,800 8 40 88.5 

3 Si 16 | 0.01 41,800 45,200 11 35 78.0 

3 Si21 | 0.048 42,850 | 46,900 5 25 91.6 Failed near punch 
mark 

3 Si05 | 0.068 36,800 | 43,800 10 37 92.0 

3 $122 | 0.091 35.600 43,750 12 36 91.7 

3 S106 | 0.148 38,600 45,000 11 42 94.8 

3 Si23 | 0.205 42,500 | 49,700 10 39 93.4 

3 $117 | 0.230 41.300 | 47,500 10 45 89.7 

3 Sill | 0.563 40,750 | 51.000 12 41 92.6 

3 5112 | 0 673 Ж 58,000 9 30 91.4 

З Si 14 | 0.822 45.200 | 55.800 11 36 93.1 

З бізі | 1.71 68,100 | 76.300 6 29 87.2 

3 Si25 | 3.40 74.500 | 86.300 10 31 74.7 

3 $136 | 3.55 83,400 99,300 12 23 41.3 

3 $137 | 4.39 94.000 | 105,000 6 6 7.5 

З 5129 | 4.92 50,250 | 50,250 nil nil nil Failed at Базе о! 
head 

38132 | 6.57 5,120 5,120 nil nil nil Tested between grips 
without being ma- 
chined 


values for the forged condition are considerably higher than 
for the annealed condition, the difference varying between 
“10,000 and 20,000 ІҺ. per sq. іп. (7 to 14 kg. per sq. mm.). 
For the 4.5 рег cent alloy “ав forged " the ultimate strength 
15 105,000 lb. per sq. in. (73.5 kg. per sq. mm.), about 8000 Ib. 
Per sq. in. (5.6 kg. per sq. mm.) higher than the maximum 
,obtained by previous investigators. The practical absence of 
Carbon in the vacuum iron causes the low-silicon alloys to be 
weaker than the corresponding alloys tested by previous in- 
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vestigators, but this same absence of carbon evidently is a 
cause for added strength in the 4.5 per cent alloy, in which the 
carbon exists in the form of graphite. 

With regard to the elongation and reduction of area, the 
results in general confirm those obtained by Hadfield, Baker 
and Paglianti concerning the effect of silicon. However, the 
vacuum alloys again show the effect of the lack of carbon in 


TABLE IX—MECHANICAL TESTS 
ANNEALED АТ 970 DEG. CENT. 


Elongation, 
Yield Ulti- per cent Reduc- 
Number | Silicon point, mate of 
of content, | lb. per |strength | Before | Ulti- Area, Remarks 

specimen|per cent | sq. in. | lb. per | ‘‘neck- | mate |per cent 

ERN за. in ing” 

3-39 0.001 16,400 | 36,100 „з 61 80.9 

35116 | 0.010 16,050 | 34,900 25 53 81.5 

35:21 | 0.048 20,100 | 35,000 2: 48 89.3 

3 5115 | 0.064 14,750 | 34,100 27 29 45.1 Failed near head; flaw 

38105 | 0.068 20,400 | 34,900 28 64 94.8 

35122 | 0.091 14,290 | 35,400 26 64 91.8 

3 5106 | 0.148 15,890 | 35,200 29 48 67.0 

3 5123 | 0.205 25,075 | 38,650 19 50 89.4 

3 6119 | 0.230 14,910 | 35,500 30 60 84.7 Broke near head; flaw 

38107 | 0.242 18,100 | 38,400 25 60 91.3 

38108 | 0.309 21,650 | 40,400 25 55 90.0 

3 8109 | 0.400 26,000 | 42,000 20 55 91.0 

3 6110 | 0.472 17,340 | 42,750 26 54 91.4 

38111 | 0.563 25,700 | 41,200 08 Was not stressed to 

failure; flaw 

38112 | 0.673 26,550 | 45,230 21 45 88.2 

3 6113 | 0.698 23,100 | 43,000 25 57 89.0 

3 $1 14 | 0.822 26,200 | 45,150 28 50 91.6 

38131 | 1.71 35,800 | 54,250 25 50 90.6 

3 5118 | 1.741 45,750 | 55,000 14 Я 84.7 Failed at punch mark 

38127 | 2.73 49,600 | 67,800 18 19 15.5 

38125 | 3.40 57,100 | 77,400 15 21 28.7 

3 5137 | 4.39 85,000 | 85,000 nil nil 1.2 Annealed at 1030 deg. 

cent. in nitrogen 

3 $128 | 4.44 72,900 | 91,600 14 24 25.1 

38129 | 4.92 47,700 | 47,700 nil nil nil Head failed 

38132 | 6.57 13,000 ! 13,000 nil nil nil Tested between grips 


being much tougher in the region of low silicon as well as in the 
region between 3 and 5 per cent. The latter is particularly 
significant,as it is in this region that the maximum strength 
occurs. While the strength maxima for alloys containing small 
amounts of carbon correspond to zero elongation and reduc- 
tion of area, the strongest vacuum alloy, in the forged con- 
dition, has a reduction of area of 8 per cent, and an elongation 
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of 7 per cent. In the annealed state the corresponding figures 
for the same alloy are 24 and 22 per cent. | 
Two of the alloys, containing 2.55 and 2.57 per cent silicon, 
respectively, could not be forged, but fell into a mass of crys- 
stals that apparently had no adhesive strength. One of these 
alloys is shown in Fig. 22. That this occurrence was no acci- 
dentisshown by the fact that the two alloys were made at dif- 
ferent times, and they were subjected to forging on different 
days, in company with other alloys that forged perfectly. 
The structure of the two alloys is identical, consisting of large 
allotriomorphic crystals $ in. (3 mm.) to 1 in. (6 mm.) across, 
and about twice these dimensions in length. The author has 
as yet been unable to find any satisfactory explanation of this 
phenomenon, neither has he been able to find a similar occur- 
rence reported by anybody else. On the other hand, no alloy 
. with a silicon content of between 2.50 and 2.60 per cent has 
been recorded in the literature as far as investigated, the nearest 
to it being two alloys used by Hadfield, one containing 2.67 
per cent silicon* and the other containing 2.50 per cent silicon." 
The latter was used for magnetic investigations and the me- 
chanical properties were not given, but it was undoubtedly 
forgeable. Paglianti has reported an alloy containing 2.35 
per cent silicon, that evidently forged. Thus it would appear 
that the region of non-forgeability is restricted to within a few 
tenths of one per cent, unless the small amount of impurities 
present in the allovs used by the above investigators, chiefly 
carbon, may have changed the physical properties sufficiently 
to make them forgeable, whercas their absence might have made 
them non-forgcable. The author regrets that he has been un- 
able as yet to investigate this point further. The presence of 
a critical point does not appear in the curves for the mechanical 
properties as forged, while in the curves for the anncaled speci- 
mens there is a sudden drop in the reduction of area and the 
elongation in the region of non-forgeability. Thus the re- 
duction of area drops from 90 per cent for the 1.71 per cent 
allov to 15 per cent for the 2.73 per cent alloy. Hadfield and 
Paghanti found for the annealed alloys a similar drop in the 
reduction of area and in the elongation in this region, confirm- 


41. Journ. Iron and Steel Inst., 1889, II, p. 222. 

42. Scient. Trans. Royal Dublin Soc., VII, Ser. 2, part 4, Jan. 1900. 
Journ. Inst. Elec. Engrs. 31, p. 674, 1901-02. 

43. Metallurgie, 9, p. 217, 1912. 


PLATE CXLV. 
А. |. E. E. 
VOL. XXXIV, NO. 10 


As Forged Annea'ed 
3-55 3 39 
$1-0.001 €% Si. 0.016% 
3 Si. 05 3 S1. 08 


Si.-0.068°% Si.-0.309°% 


3 Si. 23 uU 
Si.-0.205°% 3 Si. 10 


Si. -0.472% 


3 Si. 11 i 
| Ф 3 бі. 14 
S1.-0.563% 51. 0.822% 
3 Si. 14 3 Si. 31 
Si.-0.8226;, бі.-1.71% 


Si.-1.71% 


3 Si. 36 
Si.-3 55% 


3 Si. 37 
бі.-4.39% 


3 бі. 29 
51.-4.929, 


[ҮЕМЅЕМ] 
Fic. 10--5омЕ oF THE MECHANICAL TEST PIECES AFTER BEING TESTED 


$1.-2.73% 


3 Si. 25 
бі.-3.40% 


3 бі. 28 
Si.-4.44% 


3 Si. 29 
51.-4.92% 


2481 


VACUUM IRON ALLOYS 


YENSEN 


1915] 


- . ps J Я ... 27. E - А M m ы PE р Р А Ч ВРЕТ d Е 
е-е » u^ o ” б» ` i А OM x 2 toe "d 1 e. -7 | a 
3`99 9t 0 40270 005'С ООС? 9002 922 0#8'6 006% 001'6 26% 62 15 € 
LU Ұс 0 910 OLE'S 0004 ССТ £69 O01'OI 008% 001791 ҰР ғ 86 IS € 
‘вро: aindust 8 86 18 0 6c 0 00/77. 0099 9С61 0`9+8 00€'7 004% 0<7721 6E F 1816 6 
Aq рәҙеміш вҙиоэ spoy са tt 0 86 0 0018 0069 GIRI с 608 0с8'8 ooc't 000'FI СЄ $ 9t IS £ 
€ 8% te 0 06 0 026'6 0064 0681 09° 006'ct 000'9 00000 ОР Е 56166 
8 ІР Fe 0 460 00401 0268 6/21 128 OOL'ET 000°9 00891 EL g 25 15 $ 
еле оғ 0 66 0 0091 0006 c9ló ct6 ООРТ 000'8 QO£ FT АТ 8115 $ 
6 t£ ct 0 96 0 OFC'TI 00+8 rel 008 006'€1 00077. 00081 IZ T 18 $$ 
8011593 ut pouteijs poy € I6 ЕС 0 ct 0 OOF SI 0016 GEES егеі ООЕ'ЕТ 0006 00€ £1 сс8 0 71 15$ 
8113593 ul рэцте13$ poy с 9I t£ 0 ogo OOL TI 0068 $931 096 00Z'cl 00072, 000'tI cit 0 ОТ 15 $ 
79 IT ЕС 0 EU 009'£I 0006 ПЕТ 96F 00£9c 000'9 000'0£ 055 0 2115$ 
8 Il 61 0 210 OO FI 0066 c96 $ 968 004% 0008 ооо” Stl 0 90156 
cl OI teo 0 210 OcC'FI Ost6 6 ОТЕТ соғ 005 96 0906 006726 890 0 $0 158 
€9 OI ce 0 96 0 O0€'FI 0016 RELT CSL 0012 000701 008'55 +90`0 61166 
68 6 cf 0 86 0 009'FT 08+6 OLLT C6L 000'€c 00001 о00<с 010 O 91166 
GR 6 98-0 66 0 OO8'ET 0016 06/1 CLR OE TS 000'1I 00720 100 0 cc € 
св 6 Ot 0 сс 0 O0c'FI 0026 0191 +94. | 008716 O00€'8 001 £c 100 0 о-в 
000°ST = | 00001 = |000'CI = | 000'01 = | 000'CL = | 000'0Т = 
хош 10} хри 10} хош 10} хоша 20} хтша 10) хош, JO} |00001-4Я)| sassnes Ауүав 
suiqo4251ui1 зо} Аииае -3uuod | ҙиәо Jad 
$11612 "иә “Bap - — | киде -әшзәа шпш | 3493405 | “ON poy 
OZ 18 “sot 3|242 -әшізд | ‘хеш 10} -1XVJIA 4091$ 
'33[9 '2odg ш2/53194|13 sossne3 Jad ‘шэ ‘no Jad saJa AVSUIG 
9220} 34121207) APANUI Y 5501 
$1$94935АН 


'LN 32) ‘оза 006 Lv a31v3NN y зао 
SLSAL IVODhILOS'IS ANV OILANODVW—X ЯТЯ9УІ 


M ———————————————————MÁÁ— 


[Oct. 20 


VACUUM IRON ALLOYS 


YENSEN 


2482 


$X1€uloy 


иәдогиич ut рәреәиив spo» { 


"рол 


eindumn Aq рэзвиииезиоЭ 


Ше 
N 
— 


08711 


сшцо1огц 
*1u92 “Bap 


OZ 2% `ѕәЈ 


‘әјә ‘Sad 


coooooococcocoocoo 


`0 
`0 
`0 
0 

0 

0 
0 
0 
0 


o0 
‘часа 
oocoococooccocooocoo 


«e 
— 
сооэооососс 


——-—-<———_—-+++=©——_--—-—-—--——-—.—--——-— 


000'01 = 


шә /s31oq[23 
9220} 94121307) 


O01'4 
OOO 8 


002701 
000'51 
ООР‘ СТ 
ОО ЕТ 
00921 
009001 
ЛЕЛ 
O0F'FI 


0/91 
OZ! FI 
O0Z'Fl 
OSt'FI 
00©`#1 
00©`ї1 


OSF'PI 
000'cI 
OO£'FI 
00c'FI 
ООЕ' РТ 
ONF'FI 
OOt'FI 
OOL SI 
OO£'£I 


000'G[ = 


006 
0806 
00€6 
05+6 
00°6 
Otr6 
0096 
00£6 
00t6 


000'01 = 


sossnea 
Á11AT)U9195] 


07:97. OBZ 
VAR! cov 
GINI l66 
жеті eit 
CZO1 ORZ 
0921 ғоғ 
СІН 91% 
261 Ott 
COLT GFE 
0666 084 
9291 SOF 
291 с 109 
Rcel еке 
0281 ec 
сін сер 
9t£I дер 
9281 6+9 
916 985. 
626 66 
G FIGI LOF 
ТАЯ c Zos 
0991 002 
t091 LOL 
тегі LOL 
0981 99 


хр ү зо} хошо 10} хош 10} хрма зо} хоша 10] хош 10; 


9[2>А5 
19d “шо ‘no 12d sia 
5501 
51591915 í H 


"LNA ‘24d 001 LY аязлуямму зао 
SLSAL 'IVODWILOSTd ANV OILANOVA—IX 318VL 


OYL 
OO ST 
ooe 
00€'66€ 
ooc'ot 
000°9F 
00t'9c 
00/7%2 
00£'0£ 
009'61 
00€'Fc 
000'cc 
000°CS 
000'cc 
00€'£F 
000'££ 


00°'6z 
OOL' TF 
ooc'er 
00С'ЕҒ 
Оо ос 
000772 
029806 
009<2 
006712 


000'01 = Я 


10} 
Амиде 
-әшіәд 


0008 
OOE 
000'9 
00€" L 
00€'9 
006°6 
000' 4 
002%9 
002% 
000'8 
00072 
000'6 
006'9 
000°6 
000'6 
00€'2 


000'6 
00€'9 
000'6 
000'6 
000'6 
ооо! 
0006 
0006 
00078 


sassnes 
Aqyiqe 
-әшізд 
‘хош JO} 
Ajyisugqd 


O02. 7.1 
OOT 0t 
004'c6 
ооо Әк 
00559 
008'9> 
000'LE 
0€1'Ot 
008'0£ 
0ct'0€ 
000'8€ 
00026 
OCI'IE 
00€'cc 
O08 FF 
00€'9£ 


00c'0f: 
002799 
occ'ct 
00c' TF 
соя Әс 
000' 4c 
000'6c 
OOR'ES 
008'cc 


Кудев 
-auiiod 
шаш 
ехе 


сс8 0 
869 0 
£29 0 
£9¢ 0 
ТАЗ 
(ООР 
бок: 
Cte 
OZ 
coc 
BEI 
160 
890: 
t90 
80. 

10 
100. 
100 


ОоОЭсоссооососо 


quad sad 
quaquos 


102115 


67. 5 © 
REISE 
14; 'S $ 
YE ISE 
4056 
46% 
8116 6 
It's € 
FIIS $ 
ME ES 
61156 
IT'S $ 
01156 
6015 
8015 
2015 
11% 
£c IS 
9015 
66 NS 
сос 
СІ 15 
1с 1$ 
911$ 
69-6 
S-E 


мм 


‘ON pow 


—— иди 


[RON Accor? 


ол EE е 
СЛЕТ ЕЧ 
* LI 
ыж 
4“. 
эк» 
в ЕТ 28 жна CUTEM 


- 
2 ==" 


LEM 


.-.-.. 


- 
- 
= > 


а Law 


ж. 
ow 
b = 
= 
aoe 
£^ 
-7 


1915] YENSEN: VACUUM IRON ALLOYS 2483 


ing the view that there is a critical point at about 2.5 per cent 
silicon. (See Figs. бА and бв). Baker shows the sudden drop 
to occur between 3 and 4 per cent silicon; but Baker's method 
of melting raises the question whether part of the silicon in his 
alloys was not in the form of SO». АП his curves seem to 
point in this direction. 

3. Magnetic and Electrical Properties. Тһе results of the 
magnetic and electrical tests are shown in Tables X and XI 
and in Figs. 11 to 15, inclusive. Figs. 11 and 12 show at a 
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glance the magnetic and electrical properties of the series, 
Fig. 11 after annealing at 900 deg. cent., and Fig. 12 after an- 
nealing at 1100 deg. cent. The properties in the forged state 
have not been thus plotted for the reason that they are of less 
Interest on account of their inferiority. However, in order to 
have them included in the paper, Fig. 13 gives the flux densities 
for various magnetizing forces for the alloys as forged; Figs. 
14 and 15 give the corresponding values after annealing at 900 
and 1100 deg. cent., respectively, thus affording means for 
comparison as to the effect of the various heat treatments. 
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From these three figures it is seen that, for H = 50 or above, 
the annealing at 1100 deg. has the effect of decreasing B by 
500 to 1000 gausses for low-silicon alloys, while for alloys con- 
taining from 0.2 to 1.0 per cent the annealing at 900 deg. cent. 
decreases B to some extent. For H = 20 and below, the forged 
condition is decidedly inferior to the annealed condition. Com- 
paring the 900-deg. and 1100-deg. annealing, it is seen that for 
Н = 20 to = 0.5 the 900-deg. annealing is superior for de- 
creasingly lower silicon contents only, and for H = 0.3 and 
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below, the 1100-deg. annealing is superior for the whole range. 
In general, it may be said that for high densities B decreases 
with increasing silicon content, no matter what the heat treat- 
ment has been. This was expected to be the case from previous 
researches on the saturation values of iron-silicon alloys. Thus 
Gumlich and Goerens found that the saturation value 47 Imas 
is decreased by 500 gausses for each 1 per cent silicon. 
Turning now to Figs. 11 and 12, two maxima appear very 
distinctly in the curves for maximum permeability, corres- 
ponding to two minima in the curves for hysteresis loss and 
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coercive force. The first of these points occurs at a silicon 
content of about 0.15 per cent, the second at a silicon content 
of about 3.5 per cent for the permeabil&y and about 4.0 per 
cent for the hysteresis loss and coercive force. The reason 
that the second maximum for permeability and minimum for 
hysteresis loss do not occur at the same silicon content appears 
very clearly from the retentivity and coercive force curves, 
when it is remembered that the hvsteresis loss primarily de- 


- 


MAGNETIC INDUCTION - GAUSSES 


000 
0 02 04 06 08 10 2 3 4 ШЕ 
SILICON СОКТЕМТ- PER CENT 


F 
IG. 13—FLux DENSITY FoR VARIOUS MAGNETIZING FORCES—AS FORGED 


Pends upon the coercive force and the retentivity, and only 
to a less extent upon the maximum permeability. 
. That а maximum—or minimum—should occur for a low 
Silicon content was not surprising in view of the results pre- 
viously obtained with pure iron, iron-carbon and iron-boron 
alloys, In the latter case a maximum was obtained with a 
4. of boron, evidently on account of a slight purification 
* iron, but as soon as the boron content became measurable 
та netic properties immediately depreciated. The first 
in шо in the present case can, по doubt, be accounted for 
same way, and consequently this point may be regarded 
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as characteristic of the purest iron obtainable under the present 
conditions, containing 0.15 per cent silicon and a small amount 
of oxygen in the form of iron oxide. The slight uncertainty 
existing for silicon contents below 1.0 per cent, as shown by 
the distribution of the points, is probably due to the varying 
amounts of oxide left in the iron. That the oxide in the iron be- 
fore melting varied to some extent is apparent from Table VII, 
judging from the amount of silicon oxidized in the high alloys, 
where probably all the oxide was reduced. This reasoning would 
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consequently also account for the uniform results obtained for 
the high silicon contents. 

The second maximum—or minimum—was wholly unexpected, 
as strength and brittleness are not generally associated with 
high magnetic quality. It is true that previous investigators 
have found a maximum between 2.5 to 4.0 per cent silicon, 
but, as was pointed out on p. 2473, this was thought to be due 
to the neutralizing effect of the silicon upon the relatively large 
amounts of impurities, chiefly carbon, present in the iron. 1n 
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the present case the alloys contained only about 0.01 per cent 
of carbon. Thus it seems improbable that the second maximum 
in this case can be attributed solely to the conversion: of 0.01 
per cent of combined carbon into graphite. It seems more 
probable that the improvements are due partly to this con- 
version and partly to the complete reduction of iron oxide. 
If this second maximum should be due entirely to the conversion 
of combined carbon into graphite, the current ideas regarding 
the influence of carbon upon the magnetic properties of iron 


MAGNETIC INDUCTION-B - GAUSSES 


| Change of Scale 


0 02 04 06 08 10 2 3 4 5 
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Fic. 15—Frux DENSITIES FOR VARIOUS MAGNETIZING FORCES—AN- 
NEALED АТ 1100 DEG. CENT. 


will certainly have to be changed, and it will become desirable 
to remove from the iron the last trace of carbon. According 
to these hypotheses, the first maximum is due to pure iron in 
spite of small amounts of iron oxide and combined carbon, while 
the second maximum is due to pure iron in spite of a relatively 
large amount of dissolved silicon. If none of the above hypo- 
theses is correct, the only other explanation remaining is that 
the second maximum is due directly to silicon dissolved in the iron. 
As an argument against such a theory, Hadfield and Hopkin- 
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son” in 1900 and Gumlich*® in 1912 brought out the fact that 
silicon reduces the saturation value of iron in direct proportion 
to the silicon dissolved in the iron, and consequently it did not 
seem probable that silicon could directly improve the рег- 
meability at lower densities. However, it 1s a curious coin- 
cidence that at the same meeting of the Faraday Society at 
which Dr. Gumlich made the above statement, Dr. P. Weiss* 
read a paper on iron-cobalt alloys, showing that the alloy Fe;Co 
has a saturation value 10 per cent higher than that of pure iron. 
The author has shown that while the iron-cobalt alloy, ЕезСо, 
melted in vacuo, has a saturation value 13 per cent higher 
than that of pure iron melted under identical conditions, its 
permeability at low densities is much lower. Evidently both 
the high saturation value and the comparatively low permea- 
bility at lower densities of the FeeCo alloy must be due tothe 
combination between iron and cobalt, or, in other words, must 
be attributed directly to the cobalt. ^ There is no reason, then, 
why the low saturation value and the high permeability at low 
densities of the 3.40 per cent iron-silicon alloy can not both be 
due directly to silicon. That is, no foundation exists any longer 
for assuming that there is a direct connection between the 
saturation value of a certain alloy and its properties at low 
and medium densities, and it 15 consequently possible that 
the second maximum occurring ш the maximum permeability 
curve for the iron-silicon series may be due directly to silicon. 
More experimental evidence is needed, however, before it 1s 
safe to make a definite statement in this respect. 

While silicon is thus, directly or indirectly, engaged in im- 
proving the magnetic properties of iron, it serves a very useful 
purpose by increasing the electrical resistance of the iron enor- 
mously, giving the iron the exact characteristics desired for 
electromagnetic machinery. 

The iron-silicon series thus offers two important alloys for 
electrical purposes, both having high permeability and low 
hysteresis loss, but differing in that one has a very low, while 
the other has a very high electrical resistance. 

The valucs obtained are, undoubtedly, without precedent 
in the annals of the magnetic properties of iron and iron alloys, 
and it is only aftcr a careful analvsis of the apparatus used and 

44. Inst. of Elect. Engrs. 46, p. 225, 1911. 

45. Trans. Faraday Soc. 8, p. 109, 1912. 

36. Trans. Faraday Soc. July, 1915, 
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the methods employed in testing that the author feels reason- 
ably safe in publishing them. As an extra precaution, how- 
ever, he wishes to repeat the statement made оп р. 2400, 
that experimental evidence seems to point towards a larger 
percentage error due to the compensating current than theo- 
retical considerations according to Burrows and others would 
lead to. But even if the maximum error in the results as given 
should amount to 20 per cent, their significance would not be 
altered appreciably. Whether the true maximum permeability 


TABLE XII 


Hysteresis loss, ergs 
рег си. cm. per ~ 


Coercive force 
Maxi- |gilberts per cm. 


Kind of mum |--------1------------ 
Year Investigator material perme- 
used ability | for for for for 
Bmax =|Втах =| Bmax =| Bmax = 
10,000 | 15,000 | 10,000 15,000 
1900 | Hadfield....... Sw. Char. Iron 4,000} 0.92 1.00 Jab’t. 2700|ab't. 5500 
1900 | Hadfield....... 24 95 Si-Iron 5,100| 0.72 0.79 * 2200| “ 4700 
1901 | Gumlich and 
Schmidt.. .. | Wrought iron 8,350 0.60 L3 ua Mh 
1903 | Baker .... .... 4.9, Si-iron S 1.20 uut 6200 
1910 | Теггу...... .. Electrolytic iron |11,000 
1912 | Gumlich 
and Goerens .| 0.4% Si. sheets |11,600 0.54 
1912 | Gumlich and 
Goerens ..... 4.0% Si. sheets 9,400 puo dts ME TENE 
1912 | Paglianti ...... 1.75% Si-iron ....| 0.60 0.75 1650 3500 
1914 | Yensen.... ... | Pure vacuum 19,000| .... 0.29 813 1640 
iron 
1915 | Yensen.. .. ...| 0.15% Si. va- 66,500| 0.09 0.16 286 916 
cuum iron 
1915 | Yensen.. .. ...| 3.40 Si. va- 63,300) 0.08 0.15 280 1025 
cuum iron 


obtained is 66,500 or 53,200 is of little consequence at the present 
time, as long as it 15 reasonably certain that it lies in this neigh- 
borhood. Should it be.definitely established that the value 
of the required compensating current imposes a limit upon 
the Burrows double bar and yoke method, beyond which the 
errors introduced are too large, a new method will undoubtedly 
be developed to meet this emergency. 

It was only a few years ago that a permeability of 6000 was 
regarded as exceptionally high. This was gradually raised to 


47. Bulletin, Bureau of Standards, Vol. 6, No. 1; Reprint No. 117. 


2490 YENSEN: VACUUM IRON ALLOYS [Oct. 20 


8000 and then Terry, іп 1910, obtained a value of 11,000 for 
a ring of electrolytic iron as deposited and annealed. Gumlich, 
in 1912, also obtained this value for a high-grade low-silicon 
alloy in the form of sheets. Last year the author published 
19,000 as the maximum found for pure iron melted in vacuo, 
and this value was regarded as remarkable. The step from 
19,000 to 66,500 indeed seems a long one, but intermediate steps 
have been taken in the meantime in the laboratory. The values 
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Fic. 16—А COMPARISON BETWEEN VACUUM IRON AND COMMERCIAL 
STEEL, BOTH CONTAINING BETWEEN 3 PER CENT and 4 PER CENT SILICON— 


THOROUGHLY ANNEALED 
Vacuum Commercial 


Iron Steel 
Hysteresis loss, for Bmax = 10,000; ergs рег си. ст. per~...... 280 2260 
< "T = 10,000; € 9 * Өл. UM uo 1025 3030 
Specific electrical resistance, microhms. ..................... 48.50 51.15 


for the hysteresis loss have followed in a similar path, as seen 
from Table XII. 

Fig. 16 illustrates the difference in magnetic quality between 
a silicon-vacuum-iron and a commercial silicon steel, both con- 
taining approximately the same amount of silicon. The maxi- 
mum permeability is as 20 to 1, the hysteresis loss, for B»: 
= 10,000, as 10 to 1, and for Bass = 15,000, as 3 to 1, in favor 


48. Phys. Rev. 30, p. 133, 1910. 
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of the vacuum alloy. For В,а: = 15,000 the permeability 
of the latter is twice the permeability of the commercial iron. 
The electrical resistance is nearly the same for both alloys, or 
about five times that of pure iron. 

Fig. 17 shows to a large scale the difference between a high- 
silicon and a low-silicon vacuum-iron, both having about the 
same hysteresis loss. The characteristics of the low-silicon 
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Fic. 17—A COMPARISON BETWEEN A HIGH AND Low SILICON VACUUM 


IRON—ANNEALED AT 1100 Dec. CENT. 
0.048% Si. 4.44% Si 


Hysteresis loss, for Bmax = 10,000; ergs рег си. ст. per~....... 407 405 
ii: т = 15,000; * Козы Me Баз 1214.5 1171 
Specific electrical resistance, тісгоһтв....................... 10.78 : 57.40 


alloy are seen to be very high retentivity and high permeability 
for medium and high densities, while the high-silicon alloys 
have a low retentivity, with the maximum permeability occur- 
ring at a low density. The chief advantage of the high-silicon 
alloy lies in the high electrical resistance, amounting to more 
than five times that of the low-silicon alloy. 

An attempt was made to obtain a few more points for the 
high-silicon alloys, and two alloys, Nos. 35136 and 35137, were 
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melted, and test pteces prepared. Unfortunately, however, 
these rods were annealed first at 900 deg. and then at 1100 deg. 
cent. in company with three rods made from impure iron and 
were evidently contaminated by them. This was discovered 
by the behavior of rod No. 35117, that had previously been 
annealed at 900 deg. under normal conditions. After anneal- 
ing at 1100 deg. in company with the contaminated rods, its 
magnetic quality was sadly impaired, while the five other rods 
all had improved. As a matter of fact, it was the first occur- 
rence of a rod depreciating during the 1100-deg. annealing, and 
the only cause that could be found was contamination by the 
‘impure rods. Опе rod being thus affected, it seemed natural 
to conclude that Nos. 35136 and 38137 were similarly affected.” 
The results for these two alloys are shown in the tables, but the 
values have not been plotted in the figures, although the points 
would have deviated but little from the curves. Another reason 
for not plotting these values is that the 1100-deg. annealing 
was done in an atmosphere of nitrogen. While the nitrogen 
did not seem to act differently from the vacuum, the method 
has not been tested sufficiently to warrant including, without 
question, the results thus obtained. However, these results, 
although not wholly satisfactory, serve as a check upon the 
results previously obtained. 

4. Photomicrographs. In the following pages a number of 
photomicrographs are reproduced, representative of the alloys 
tested. They are arranged in order of their silicon content, 
the pure iron appearing first and the highest silicon alloy last. 
With only a few exceptions the “ as forged ” condition occupies 
the upper part of the pages, the 900 deg. annealed condition 
the middle part, and the 1100 deg. annealed condition occupies 
the lower part. The magnifications used are either 40 diameters 
or 10 diameters. In one case recourse was had to 7 diameters. 

From these photomicrographs it is seen very clearly that 
the iron-silicon allovs, in the range here investigated, consist 
of only one kind of crystals, thus confirming the results obtained 
by previous investigators, that iron and silicon, for silicon con- 
tents below about 15 per cent, form a solid solution everywhere 
between the freezing point and ordinary temperature. 

Below 1 per cent, silicon appears to have no marked effect 


49. That such contamination takes place during annealing was shown 
in the previous paper, in the case of five rods that were annealed in 
company with a rod that contained 0.18 per cent carbon. 
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upon the structure of the iron, either as forged or annealed. 
Annealing at 900 deg. cent. does not seem to change the struc- 
ture of the alloys in this range, but annealing at 1100 deg. 
breaks the large crystals up into smaller ones, giving an appear- 
ance of a very fine structure. There is no sign of foreign sub- 
stances in these structures, other than those arising from im- 
perfect polishing. After passing the 1 per cent mark, silicon 
begins to show its effect. The crystals are generally larger 
than for pure iron, and are readily polished їп relief, showing 
that they are not of uniform hardness. There is no breaking 
up of the crystals by the 1100-deg. annealing as in the case of 
the low alloys. The 1.71 per cent alloy, as seen in Fig. 21, 
shows a very irregular structure as forged, and after the 900- 
deg. annealing, but this gives way to a structure of more regu- 
larity аз a result of the 1100-deg. annealing. The structure 
of the non-forgeable alloy is shown in Fig. 22, exhibiting very 
large uniform crystals, measuring } in. (3 mm.) to 1 in. (6 mm.) 
across. In the first specimen used for the 3.40 per cent alloy, 
the crystals are of about the same size and shape as the ones 
for the non-forgeable alloys, as seen in Fig. 26. In order to 
investigate this singularity further, another specimen from the 
same alloy was prepared, and this showed a much more normal 
structure (Fig. 23). Specimens were also investigated for two 
other alloys with very nearly the same silicon content, and 
these also showed structures that were quite normal (Figs. 24 
and 25) so that the large crystals, shown in Fig. 26, are evidently 
freaks, caused by peculiar conditions. lt may be that the 
specimen was taken at one end of the forged rod. Neverthe- 
less, the óccurrence of these enormous crystals is very interest- 
ing, not only on account of the enormous size, but also because 
it shows that the size of crystals in and of itself does not prevent 
the material from being forgeable. The remainder of the 
photomicrographs exhibit quite normal structures with no 
marked change caused by the two heat treatments. 

The principal difference between these photomicrographs 
and the ones published by previous investigators is the absence 
of foreign matter in the structure of the vacuum alloys. Even 
Baker, whose alloys contained only 0.04 per cent carbon, shows 
in his photomicrographs, besides small amounts of pearlite or 
graphite, some other foreign substance that could not be ex- 
plained at that time. It seems probable, in view of the method 
used for melting and the mechanical properties of his alloys, 
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that these other foreign substances may be oxides. The other 
investigators invariably show comparatively large amounts of 
pearlite for low alloys and patches or spots of graphite for high 
alloys. The size of crystals for the vacuum alloys, excluding 
the abnormal cases, is very much larger than for the less pure 
alloys. This is true both for low and high silicon contents. 

5. Summary and Conclusions. 'The results recorded in the 
previous pages regarding iron-silicon alloys may be summarized 
as follows: у 

1. By means of the vacuum method of melting it is possible 
to obtain a decidedly purer product than has thus far been 
obtained in any other manner. Consequently, more definite 
conclusions can be drawn with regard to the effect of silicon 
upon iron, than have hitherto been possible. 

2. Silicon, like boron, has a double effect upon iron. Part 
of it combines with the iron and remains 1п solid solution through- 
out the cooling of the alloy, while a smaller part reduces the iron 
oxide present. 

3. The tensile strength of the vacuum product follows in 
general the same law as allovs made under ordinary conditions, 
but the ductility of the former is much greater, particularly 
below 2 per cent and above 3 per cent, probably due to the 
absence of carbon. The maximum tensile strenyth of 105,000 
lb. per sq. in. (73.5 kg. рег sq. mm.) occurs with a silicon con- 
tent of 4.5 per cent. 

4. The limit of forgeability lies between 7 and 8 per cent 
silicon. A critical range occurs between 2.50 per cent and 
2.60 per cent, in which the alloys are not forgeable. 

5. With regard to the magnetic properties the vacuum alloys 
exhibit most remarkable characteristics. The best alloys are 
obtained with about 0.15 per cent and 3.40 per cent silicon, 
after annealing at 1100 Чей. cent. The values of maximum 
permeability for both of these alloys are above 50,000, and 
the values of hysteresis loss for В,а: = 10,000 and 15,000 are 
about 300 and 1000 ergs рег cu. ст. per cycle, respectively. 
This hysteresis loss is å and 4 of the corresponding loss for 
commercial silicon steel. The most favorable annealing tem- 
perature is in every case 1100 deg. cent. 

6. The specific electrical resistance increases about 13 mi- 
crohms for the first one per cent of silicon added. For each 
additional per cent added the increase is about 11 microhms. 
Consequently, the 3.40 per cent alloy mentioned under (5) 
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Annealed at 900 deg. cent. 
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THE NoN-FoRGEABLE ALLOY 
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Fic. 224—10 Diam.—Picric ACID 


Annealed at 900 deg. cent. 


Fic. 22 в 49 DiAM.—PicRIC ACID 


‘Annealed at 1100 deg. cent. 
Fic. 22c—10 DiAM.— PiCRIC ACID 


PLATE CXLVIII 
А. |. E. E 
VOL. XXXIV, NO. 10 


3-— Sy, 24-51. 2.57 РЕК CENT 


(vENsENI 
FULL SizE—INGOT AFTER 
FORGING 


$ 
* 3 ! 
» - 
ы - 
= 5 
> 
ж 
4:1 
“. 
І 
ay 
ж 
4 
Li 
, 
Pu 
| 
. ж 
Р 
Lj 


4 
” 
ал е 
.. М 
i 
5 Ш 7 
. e 1 
: - 
e - 
2 = 
- 4 * 
24% А 
, - г. 
2 .. 4 
“. rt 
ai hy 
1 , 
% Е 
ot - ~ р 
g % 4 Lg 
^ “. f 
| Г 4 
* L| 
"A 
99. п 
Ж. L “ ^ 
e % 4 
J 1 
> 
E - 
LJ -> 
, .., 
.....л 
* TEF "E ы 
v L309 Pa 
» ^ 7 
, > 
. » 
| > , n 
” a . 4 
“. » а 
„* * 12.7.» 
* , 4 
> 
* 
. ` LI 
* ^ $ 
a { =: 
A q . 
- 
= -. "| ” 
oom > ‚ 
274: A 
2 “. ? т м 
. Фе , 
^ ы $ 
4“ ^ 
» 4 а 
: - 
, We 
. . Э. 
- , 
> “ , 
7 e ‘ 
р 
« s 
Г è 
& ba at 
a "A 
Аи. 
.” Е .. 
~~). 
3 
22 " г. 
» 
Д. 
* > 1 
' М .. 
- 4 . 
> 
- 1 % Ж 
i: 
, 4 4 
: . $« 
. 
` ; b 
AA ~ 
* > 
“. 
' 2% 
. 
* > 1 
% a 2 
IM SE. 
! * -. 
> 
° ‘ 
44,5 14 
ф 
.. '. 
> 
.. > 
4 ] / 
* 
P . 
Г "1 
. ‘> E 
4 . 
ы өз E 
, - = 
LI 
e .. 
ч 
Lj > 


PLATE CXLIX. 


А. |. E. Е. 
VOL. XXXIV, МО. 10 


s. 9AR «ЕС, 2— 
ALLOY NO. 3—81. 25 —5PEC. 4 


—.81.3.10 PER CENT 


As forged 
- с, 25—SrkEC. 1 Fie. 2064 -10 Diam. --Pickic ACID 
Fic. 23--ALLOY 3— SI. 2077 
— “г. 3.40 PER cENT—40. DIAM. — 
NITRIC ACID 


Annealed at 999 deg. cent. 
: С - ACID 
see d d Sı. 20——81.— Fic. 26n--10 Diam. - - РКК АСИ 
Fig. 24— ALLOY 8-1. Sı. 


3.58 РЕК CENT—410 DiAM.— NITRIC 
ACID 


As forged 


ж ) ) I. 4 
Fic. 25 ALLOY 3 №) “ ( Y “ ( (1 


3.55 РЕК СЕМТ —40 Diam.—NITRIC Fi. 
ACID 


[YENSEN } 


260c —1 DiAM.— PICRIC ACID 


é = 2 ., = 
| Y ( “ 
әрін 
B bd 
<, m е i 
. * Я 
” 4. | | 
ч - LI , , 
" 1 4 
% я а Т, Е 
, | я Д 
і T 
` 2 4 
Г $ 
- a | 
7 
! 4 * 
i © ч 
, » 4 43 
2 ты г" 
.% E 
- ` Р 
` 
a" » P" 
" - 
ò j , 
* ^ | Д , 
. -; » : 
. E ] ‹ 1 
„= E 
ч i 
A? 
4 ." - 
4 = Fi 
T » s $ 
ы . e 
^ 2 ] _ 
” '. - : "T 
қ .. , | 2 
- тео ~~ *3 i 
" rt 4 А 
L * Р 21% > 
- t> Р 
ҮЗ! 
" "11, ЕЗ ж “ : 
ЕР * “ ` А | 
2. 
D Е 
A.» > 
«8 
" ~ Ф 
-> & 7” 
.. of 
* қ ~ 
. > 3 7 \ 
? . . , М è 
ж Ў. ж ` 
, .. 
e = . Е 
^ °, ^ - 
e >. LE 
^ I". 
Р E .4 5 4 p> + 
ер * .. % 
“-. ~ 4 
` > "INI 
> - b 
` ө d 1 
- 
-* М ЗА. 1 „* | 
“. .* “ * `. . PR е - 
“. 1 . ж « us 4 
. » $ e^ ы Loa ы 
$ > 
. 7 15 E 
~~ * ” d : " 
- 
| . . 
. К А 
"= * r 
> Р г." 
. i n » 
. 4 Y 
ч Г gsi 
- LI 4 "ML. ` 
4 2 | TL 
ү ^ : Ы: A гч 
А . 
` ` қ „> 
иг? eR v 
b я m4 t 4 : 
i T» “. M ы i 
d УЕ. „ * ‘ 
T 4,931. 
"a . i £ 
т . " 
.* LI y * 4 А b | 
в = ~ - .ь” 
* 2 » i 
.” “ `+ 
> * " > - 
= 
` | 4 | 
X .. 1" 4 4 ^ 
^ d ^ 4 
. |» 2 
ғ e ‚ * 
* d - 
4.7”) 
> - Ww 
P % LI .. 
Г] 
t, ‘ 
^ 4 4», L4 
"T 
” Е 
> ° “ 
+e. А ” 
. ў > 1 “ a ү 
' ^ an 
, B. 
mis. » 
а , 4 ^ 
“ %; 2” a р | 
y 5 ..Ҡ. 
p м.” - * 
4 [ ^ 
ta i - " 
4“ $ 
Р | 
% LAJ % 
. Om * " 
.. Я > 
Ld 
* 
1 + А 
| i s 
* % 4 
! eos d и sf . 
- s. .. 
“> 
Y LI 
` * oP 
[ ; 
* ' 
9 ' 
^ } 
7 M VA 
"133 AR 
A^ МЫ 
Digitized by Google | 
% 


61. 4.92 


ALLoy No. 3—91. 29 
PER CENT 


As forged 


Fic. 274—40 DiAM.— PICRIC ACID 


Annealed at 900 deg. cent. 


Fic. 275—10 Глам.-РІСКЕІС ACID 


Annealed at 1100 deg. cent. 


FIG. 27c—40 D1aM.—Picric ACID 
— WASHED WITH 10 PER 


SOLUTION 


cent H.F- 
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ALLOY No. 3—6. 32 
PER CENT 


Fic. 284 —410 Dis M.— PICRIC ACID 


Fic. 28 5—40 DIAM.-—PICRIC ACID 
SLIGHTLY REPOLISHED 


[YENSEN ] 

Fic. 28c—40 DiAM.— PiCRIC ACID 
— WASHED WITH 10 PER CENT H.F. 
SOLUTION 
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has a resistance nearly 5 times that of the 0.15 per cent alloy, 
and yet both have similar magnetic properties. 

By the vacuum process two silicon allovs have thus been 
produced that have very valuable characteristics; one, low in 
silicon, not very strong, but extremely ductile, of high per- 
meabilitv, low hvsteresis loss, and of low electrical resistance; 
the other, high in silicon, very strong, moderately tough, of 
high permeability, low hysteresis loss and of high electrical 
resistance. The properties for these two allovs are summarized 
in Table XIII. The first 1$ evidently suitable for use in places 
where high permeability and low hysteresis loss are the chief 


TABLE XIIIL—PROPERTIES OF THE TWO BEST IRON-SILICON 
VACUUM ALLOYS 


Hysteresis loss 


Sil- | Stress Reduc- | Maxi- | Density ergs per cu. cm. Spec. 
con at Ulti- | Elong- tion | mum for per — elec. 
con- yield strenyth| ation of per- тах. ------------- | resist- 
tent point | ib. рег |percent| area mea. | Perme- for ог апсе 
рег cent| 10: рег | за. in. рег cent] bility ability, | Bmax. Bmax. mi- 


Sq. in. Bausses | 210.000| =15,000 |crohms 


М |——— | ьн | | | ee 


0.15 | 18,500 | 37.000 56 90 66.500 6500 286 916 11.80 
3 40 158,000 Г 76,500 21 28 5 ' 63.300 6500 280 1025 48.50 


requirements, while the second alloy is suitable for electro- 
magnetic machinery, principally where a low eddy-current loss 
is an additional requirement. 

In conclusion, the author wishes to express his appreciation 
to Professor E. B. Paine for his sympathetic апа encouraging 
attitude, which has been a real help in the work. "The author 
also wishes to mention Mr. W. A. Gatward, Fellow in the 
Engineering Experiment Station of the University of Illinois, 
on account of his conscientious work, particularly in connection 
with the magnetic testing, but also in many other ways. Finally, 
Mr. J. M. Lindgren of the Chemistry Department deserves 
great credit for the chemical analysis. 


То be presented at the 313th Meeting of the American 
Inststute of Electrical Engineers, Philadelphia, 
Pa., October 11, 1915. 


Coypright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


CONSTRUCTION ELEMENTS OF THE TALLULAH FALLS 
DEVELOPMENT 
BY CHARLES G. ADSIT 
ASSISTED BY W. P. HAMMOND 


ABSTRACT OF PAPER 


The paper gives a very complete description of the Tallulah 
Falls hydroelectric development which is of interest as being 
one of the highest head water power plants in the world. И 
was designed to supply electric power to the greater part of the 
otate of Georgia. The paper includes complete unit costs of the 
Various items of construction. 


HE CONSTRUCTION of the Tallulah Falls hydroelectric 
development has some particular interest attached to 
it as being the highest head hydroelectric plant east of the 
Mississippi River, and one of the highest in the world using water 
power turbines. This development is situated on the eastern 
slope of the Blue Ridye mountains in Rabun and Habersham 
Counties in North Georgia and was placed in operation during 
September 1913 having been under construction at that time 
for a period of 2} years. The head under which the plant 
operates is 606 ft., which 1s obtained by the natural fall of the 
Tallulah river and the 110-ft. dam. The entire development 
is in the Tallulah River basin, this river being a tributary to 
the Savannah and rising in the Blue Ridge mountains of North 
Georgia. The drainage area above the Tallulah diversion dam 
is 190 square miles, all of which is very heavily timbered and 
from which an apparently abnormal annual run-off occurs. 
The rainfall on this water shed ranges from 65 to 80 inches per 
annum, which with the storage reservoir and the present in- 
stallation allows the development to use an average of two 
ft. per second per square mile run-off throughout the year. 
The river is subject to frequent floods during the spring season 
from 5000 to 8000 second-feet, the maximum ever recorded 
being 15,000 second-feet in March 1912. 
The purpose of the development is to supply the greater 


Manuscript of this paper was received September 1, 1915. 
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portion of the state of Georgia with power, with Atlanta and 
vicinity as the principal market. 

A general description of the development involves a des- 
cription of a number of construction details. 

In order to carry out the development, it was deemed ad- 
visable to install a small power plant at one of the Falls in the 
Tallulah river in order to furnish compressed air and electrical 
energy for lighting and power purposes during construction. 
This small plant included the installation of two water-driven 
air compressors of 2500 cu. ft. capacity for compressing the 
air to 110 lb. per sq. in., and two 50-kw., 2300-volt, three-phase, 
60-cycle generators, also water driven. In addition to this 
equipment it was later found necessary to install an 1825-cu. 
ft. compressor driven by steam and located at the lower end 
of the works farthest from the water driven plant. The air 
was then used for all power purposes except lighting, at the 
main dam, tunnel, forebay, penstocks and power house. This 
small plant operated under a 40-ft. head and was entirely re- 
moved after the construction work was completed. 

To assist in the construction it was necessary to build three 
spur tracks from the main line of the railroad serving this sec- 
tion, the one in connection with the Mathis dam being 13 
miles in length, the one at the Intake dam 1 mile in length 
and the one to the forebay above the power house about one 
mile. 

The development consists essentially of an artificial reser- 
voir of a capacitv of 1,400,000,000 cu. ft. formed by two rein- 
forced concrete buttress dams located near Mathis, Ga., seven 
miles above the Diverting dam and Intake at Tallulah Falls; 
an artificial reservoir at Tallulah Falls having an available 
pondage of 63,000,000 cu. ft. formed by a cyclopean masonry 
dam of the gravity type located some 60 ft. below the tunnel 
Intake; a tunnel with a cross sectional area of 151 sq. ft. 6666 
ft. long leading from the Intake at the Tallulah reservoir to 
the surge or pressure tank at the top of the gorge immediately 
above the power house; five steel penstocks 5 ft. ш diameter 
each of which serves a 17,000-h.p. Francis type water turbine 
in the power house. Five three-phase, 60-cycle, 6600-volt 
vertical generators are direct connected to these water wheels. 

The electrical energy from these machines is stepped up 
from 6600 volts to 110,000 volts for transmission by five banks 
of three 3333-kw. single-phase static transformers of the water- 
cooled type. 
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The power house consists of a main generating building and 
a transformer and switch building, both buildings being of con- 
crete substructure and stecl and brick superstructure. 

The power 1$ transmitted from this plant over two trunk 
lines, one leading to Atlanta, a distance of 87.2 miles, and the 
other to Greenville, S. C., 60 miles. The Atlanta line 1s carried 
on steel towers and consists of two three-phase circuits of 4/0 
copper conductors on suspension type insulators, with a 7/16- 
in. steel strand ground wire, above each circuit, the four wires 
being arranged in a vertical plane with 9-ft. centers between 
the power conductors. On the Atlanta end of this line is 
located a large out-door type substation of 60,000-kw. capacity, 
from which both high- and low-tension distribution 1s made. 
There is also connected to this main trunk line at Gainesville, 
‚ Ga., a station half-way between Tallulah and Atlanta, a 1500- 
kw. outdoor type substation for distributing low-tension power 
to the city of Gainesville and adjacent territory. From the 
Atlanta substation, а 110.000-volt line extends to Newnan, 
Ga., а small town 42.1 miles Southwest of Atlanta, and to 
Lindale, Ga. 69.2. miles Northwest where connection 1s made 
with the high-tension system of the Tennessee Power Company. 

Both of these lines are strung on steel towers provided for 
double circuits, but at present only one circuit has been installed 
on each line. The conductors are 2.0 copper, and the ground 
wire $-in. steel strand, the arrangement being essentially the 
same as on the Tallulah-Atlanta linc. The capacity of the 
Newnan station is 3000 kw., and the Lindale 6000. There 
has already been constructed along the Atlanta-Lindale line, 
two outdoor tvpe substations, one at Marietta, Ga. 16.8 miles 
from Atlanta of 3000-kw. capacitv, and one at Cartersville, 
Ga. 23.3 miles bevond Marietta, of the same capacity, while 
provisions have been made in the way of stecl switching frames 
at a number of other points along both of these lines for similar 
installations, and for doubling the capacity of those stations 
already in operation when the demand justifies doing so. A 
number of low-tension lines also emanate from the Boulevard 
station at Atlanta for supplying power to the various mills 
and other stations located in that vicinity. 

In order to treat of the development from а construction 
standpoint, it will be necessary of course to take up the above 
elements individually and give a closer description under the 
separate headings. 
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МАтн!$ DAMS 


The construction of the Mathis dams was for the purpose of 
impounding sufficient water to carry the Tallulah Falls station 
through the dry months of the year, usually September, October 
and a part of November. These dams form a pond or lake 
some 10 miles long with 26 miles of shore line and of a capacity 
of 1,400,000,000 cu. ft. The reservoir covers 834 acres most of 
which was heavily timbered prior to the construction period, 
Both dams are of reinforced concrete construction as shown in 
the accompanying illustrations, Figs. 2, 3, and 4, and consist of 
heavy reinforced buttresses with a deck on the upstream face 
at an angle of 45 degrees. The largest dam is in the Tallulah 
river six and one-half miles above the Intake at Tallulah falls, 


Fic. 2— Млтн!$ DAM—SPILLWAY SECTION 


and is 660 ft. in length, 93 ft. high to the crest of the spillway 
concrete and 114 ft. to the top walkway. The other dam is a 
much smaller one and was made necessary by a depression in 
the hills about 1000 ft. above the larger dam. This dam is of 
similar construction with the exception that it was necessary to 
lay a heavy reinforced concrete mattress over the entire dam 
foundation, in order to carry the stresses imposed on the founda- 
tion by the buttresses. The rock encountered at this dam was 
badly weathered, shattered and so full of micaceous material 
that it was not deemed advisable to depend solely on the area 
of the buttress footings for support. The cut-off wall was 
carried through this bad ground to a depth of 50 ft. below the 
base of the dam; this wall being also reinforced. The specifica- 
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tions called for a 1-3-6 concrete mixture with aggregate pass- 
ing a 21-in. mesh screen for all floors, buttresses and abutments, 
and a 1-2-4 mixture with two-inch aggregate in all decks, crests 
and aprons. The reinforced steel was used of the “ corrugated 
bar ” type. The quantities involved in the construction of these 
two dams were 2,200,000 lb. of steel reinforcing, and 38,000 
cu. yd. of concrete. 

A power house (Fig. 5) was constructed in the main dam to 
take advantage of the flow of water through this dam and add 
the additional power thus produced to the output of the main 
generating station. This power house is of concrete substruc- 
ture and brick and steel superstructure, and has space for the 
installation of two 3000-kw. horizontal water-driven generators. 


Fic. 3-МАТтнів Dam—SECTION THROUGH SLUICEWAY 


The main dam has a spillway section 256 ft. in length and in 
order to impound more water is fitted at this section with flash- 
boards six ft. high above the concrete crest of the dam. The 
flashboards are built in sections 16 ft. in length with concrete 
piers between, seven sections of which are automatic and so 
designed as to retain the pond level at a constant elevation regard- 
less of flood conditions, within certain limits. There are in ad- 
dition to these seven automatic flashboards, nine hand operated 
ones, which are similar to the automatic boards except that they 
are raised or lowered only by manual operation. 

The entire reservoir was cleared of timber, brush and other 
debris before impounding began, at a cost of $21 per acre, repre- 
sented by $8.35 for cutting and $12.65 for gathering and burning. 


Fic. 
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Fic. 5—Main MATHIS Dam 
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The following figures give the tabulated cost per cubic yard 


of these two dams: 


Quarry..... з моло AOU) 
Crushing and mixing.. а Baran cases .818 
Freight and engine. service. Turn 1.110 
Platine CONCETTO ike ча eoo XE EAS HER 4а . 144 
Reinforcement. . "ERIPUIT EE И 1.447 
Placing reinforcement. и n a eR Po DS peius M ‚823 
С ажы АЛМ as usto eee ee ео 3 746 
32. MMC 2.111 
Sand seu ИЛИКТ татар ыра КЕ она адырлы нада ГОТ аа ‚126 
Plant, erecting and тііпіепапсе................... 1.496 
Small tools and зиррПез........................... 1.123 
Lumber. oe 1% 1.034 
Miscellaneous expenditures.. 1 817 
Superintendence and overhead. 1.443 
Total.. о ОЕ Y ‚ $19.915 


It should bo slated n ever in connection vit these figures 
that the construction of these dams was attended with consider- 
able legal trouble and interference. Also a change of design of 
many portions after the work was well along. The work was 
first undertaken under contract, but was given up by the con- 
tractors before it had been completed, and considerable time was 
then lost and unnecessary expense incurred which shows up in 
the yardage cost. "The first contractors on this dam attempted 
to find satisfactory rock for concreteat thedam site, but the quality 
of material coming from this quarry was very unsatisfactory. 
The nearest point at which good material could be found was the 
quarry at Tallulah Falls, which had been used in connection with 
the construction of the intake dam and the greater portion of the 
rock for the two Mathis dams was then secured at this place, which 
involved the handling by rail over a distance of some seven miles. 


THE DIVERTING DAM 


The diverting dam, a section of which is shown in Fig. 6, 1$ 
of the gravity type and built of cyclopean masonry, heavy stone 
forming а little over one-third of the mass, and concrete mixture 
the other two-thirds, of the composition 1-3-5. This dam 15 110 
ft. high from the stream datum and has a length of 426 ft. It is 
built on a curved plan with a radius of 900 ft., and has a spill- 
way section of 280 ft. in length, made up of ten 28-ft. openings 
between concrete piers which support a highway bridge across 
the top. Fig. 7 shows automatic flashboards 6 ft. high that are 
installed between six of these concrete piers for maintaining the 
crest of the pond at a given elevation within certain flood limits. 
The other four openings are fitted with stationary boards so 
designed as to give away entirely should a flood ever occur that 
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the automatic boards cannot take care of. There are two 
five-ft. sluice ways in the dam, 65 ft. below the crest, which in 
addition to the spillway gives an overflow capacity of something 
less than 20,000 second-feet. "The flashboards have been found 
tooperate with a change of three inches inthe water elevationof the 
pond. It was necessary in the construction of these flashboards, 
Fig. 8, to build the concrete weights or rollers in place, each 
weighing 34,000 lb., which are attached to the flashboards with 
two steel cables. These weights travel on an inclined track, 
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Fic. 6—Cross SECTION оғ INTAKE DAM 


each end being supported by a geared sprocket fitting into racks 
along the track which prevent the rollers or weights from turning 
without moving along the track. | 

There were used in the construction of this dam 39,000 cu. 
yd. of concrete which was placed by the contractors at a price of 
$4.80 per cu. yd. the construction of the bridge piers and flash- 
boards being additional to this amount. The cement used was 
furnished to the contractors for $1.80 per barrel, less 10 cents 
for the return of each sack. The contract price for the excava- 
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tion work in the dam foundation was $1.50 pr cu. yd. regardless 
of whether wet or dry. It 15 the opinion of the writer that the 
cyclopean masonry actually cost the contractors about $3.70 
per yd. In analyzing this cost, several facts should be borne in 
mind; the quarry for all stone was within 300 ft. of the structure, 
all sand used was rolled from this rock, and no material entering 
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the structure had to be transported except the cement and rein- 
forcing. 


The bridge on top of the dam is constructed of steel girders 
spanning the piers with reinforced concrete deck and railing, 
the steel girders being afterwards encased in concrete. 

It might be interesting to note that while the contract speci- 
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fications called for 33} per cent large rock in the construction 
of this dam, the actual percentage in the finished structure was 
found to be 34 per cent. 

The construction of the dam was commenced in August 
1911 and. the first concrete poured late in October, the con- 
struction then continued at the rate of 1000 cu. yd. per week 
until completed. Little difficulty was encountered during this 
period with the exception of one flood during March 1912 which 
overflowed the work, notwithstanding the provision of two 
12-ft. square flood openings in the base of the dam. This 
flood washed away about 250 cu. yd. of concrete which had 
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not sufficiently set to withstand the action of the water. No 
provision was made in the dam for expansion and contraction, 
the cracks resulting from this action being left to form of their 
own accord. During the construction period the temperature 
ranged from 110 deg. to 10 deg. fahr., and only two tempera- 
ture cracks developed, neither of which leaked. 


THE INTAKE 
The intake as shown in Figs. 9 and 10 is a self-contained, 
reinforced concrete structure designed to withstand the stresses 
due to hydrostatic pressure when the pond is at its maximum 
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elevation and the intake empty, the rock at this point being 
‘badly weathered and thoroughly broken. In order to increase 
the strength of the structure it was designed in five days with 
arched dividing walls, the construction involving about 7000 
cu. yd. of excavation, mostly rock, and 2670 cu. yd. of concrete. 
The reinforcing consists of heavy steel beams and j-in. round 
rods spaced on three inch centers. 

There are included in the structure five 8ft. Бу 10 ft. intake 
gates operated by hand hoists. Coarse racks are placed out- 
side these gates to take care of heavy material, and additional 
finer racks made up of $-in. by 4-in. flat bars spaced 11 in. 
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apart are placed on an angle inside the gates. An automatic 
rack cleaning device in three of the bays consisting of racks 
operated on an endless chain driven Бу an electric motor through 
worm gearing. These rakes are driven at a speed of three 
feet per minute, and each rake designed to lift 100 lb. per lineal 
foot. It is interesting to note at this point that none of these 
racks have ever been cleaned, no debris having ever been found 
within the gates. "The apparent reason for this 1s, that the gates 
are about 25 ft. below the elevation of the water in the pond, 
so that no floating material ever reaches the action of the in- 
rushing water. The head gates are built up of riveted steel 
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plates and beams with bronze sliding strips. The detailed cost | 


of excavation and concrete for the Intake is as follows: 


EXCAVATION: Lumber....................80 974 per cu. yd. 
ОЗС 0.065 
Miscellaneous заррИез........ 0.123 
Transportation.............. 0.071 
Liability insurance........... 0.049 
Removing деһгіз............ 0.235 
ОсОО 

CONCRETE:  Labor......................$3.902 
Cement seu кл ык кыже №982 
ИБО ence a vermes eren 0c£04 
ЕТЕ аьа 0.042 
Transportation .............. 0.203 
Liability insurance........... 0.136 
Erection of plant............ 0.400 
Сги$Нег...................... 1.280 
Miscellaneous supplies........ 0.205 
Removing debris............ 0.086 
ТОВА екн o e ud des $9.03 


THE TUNNEL 


Beginning at the intake, a concrete lined tunnel, 6666 ft. 
long, having a net area of 151 sq. ft. inside the concrete lining, 
conveys the water to the surge or pressure tank located at 
the upper end of the penstocks. А circular section might have 
been more favorable for serving the purpose, but as no ex- 
tremely high hydrostatic pressure was anticipated, a section as 
shown in Fig. 11 was adopted; this form being much easier to 
excavate and line with concrete than a circular section. This 
tunnel was driven on a grade of two ft. drop per 1000, or 0.2 
per cent. The tunnel was driven as near the gorge as it was 
possible to construct it with safety, and it was found desirable 
to facilitate the excavating and lining by driving three adits 
from the tunnel line to the side of the gorge, and sink one shaft 
from the surface of the ground down to the tunnel line, 110 ft. 
These adits were 7 ft. high and 15 ft. wide, the longest one 217 
ft. and the shortest one 105 ft. Throughout its length, a hard 
micaceous quartzite, was encountered in the tunnel excavation, 
the stratification dipping down stream at an angle of about 22 
deg. from the horizontal. This rock was of highly crystalline 
nature and extremely abrasive, the drill bits usually losing about 
і in. of their diameter per foot of hole. During the first part 
of the construction work 32-1п. piston drills driven by compressed 
air were used but the progress was so slow especially in the dry 
holes as to make a change of drilling equipment imperative; 
the use of 100 pieces of drill steel for one dry hole not being 
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infrequent. Water core hammer drills were then substituted 
for the piston drills and twice the progress made, which proved 
the salvation of the tunnel construction. The use of approxi- 
mately 15 lb. of drill steel per lineal foot of tunnel is also an in- 
dication of the extreme drilling conditions which were met with. 
About 75 per cent of the tunnel was driven by the top-heading 
method, but the direction work 
was partially taken out of the 
contractors hands, and the lower 
heading or stopping method 
instituted on the remainder of 
the work. A comparison of 
the cost of the two methods 
shows a difference of 52 cents per 
cubic yard in favor of the latter. 
The lower-heading method al- 
lowed a much greater progress, 
as it did not involve pulling 
of the ground in the tunnel arch, 
nor did it involve the double 
О Е SECHOK drilling which was necessary to 
remove the bench left by the 
upper heading method. A detailed comparison of the cost of 
the two methods is given in the following tables: 


! 
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Cost per cubic yard 


Items Stopping Bench 

work work 

оон ебет $2.415 $2.965 
Superintendent and walking bosses...... 0.141 0.067 
General о Е 0.036 0.101 
KCE TOPOR а Poe eee 0.103 0.085 
DIOFETGOo mE TOPCO. ia £L vd es stie nd) wis 0.027 0.028 
Repairmen........ C———-——— E 0.115 0.102 
CARTDEDIATS. ИНН 0.053 0.050 
с Я 0.0329 0.416 
КОН реа xd dope ure ғын 0.029 0.038 
Connecting wires........ 0.015 0.014 
бо о. АИ РАН 0.002 0.002 
от т ӨЙ, eoe оока н: 0.013 0.012 
Tamping nags.......... 0.002 0.002 
10 ыла ОН 0.011 0.010 
PIpIME and BIGUEK ЕР 0.015 0.029 
Е лас: ана лома са 0.204 0.095 
Miscellaneous supplies................. 0.041 0.063 
ШОШ GOED ЕТО x gs 0.107 0.080 
та ОА. у ccs it wi E Row Hee qnd 0.027 0.027 
РРСРР НОРИ УТСА 0.063 0.079 
дейсіз кк за Рс ТИТ 0.031 0.050 
ТОНЫ Заале абы 83.779 $4.315 

' 


Digitized by Google 


. 
19.5... 
25 7. 


"эч -.” 


Ree a ar 


2* 


2510 ADSIT: HYDROELECTRIC CONSTRUCTION [Oct. 11 


The unit cost of excavating 39,831 yd. of this tunnel was 
as follows: | 


Т.аабог................................Ф9.888 per cubic yard. 
ЕХПЮОНКЕ а ai Ace les red ned aS 0.604 
Lubricants: row axes АЗЫ ЫЫ Ls 0.019 
Pipine aco e ы Ea epe ARES 0.026 
Drill ера Jo odore ууз c 0.172 
Miscellaneous supphes............... 0.237 
РВ ро cun met x P УО ГГ nas 0.087 
Ттапзрог{айоп..................... 0.247 
Liability іпѕигапсе.................. 0.181 
Miscellaneous сһагрсв............... 0.066 
Depreciation оп equipment........... 0.150 
WOES tud cu ыйыы eka M qa gei inet as 0.306 
Total $5.928 


The total excavation for the tunnel amounted to 56,000 
cu. yd 

The concrete lining of the tunnel called for the placing of 
18,966 cu. yd. of concrete of a 1-3-5 mixture, the rock not to 
exceed two inches in size. In considering the best methods for 
lining a tunnel of this small cross section, it 15 decided that steel 
forms should be used, and it was afterwards decided to place the 
concrete by a method involving the mixing and transporting of 
the concrete by compressed air through eight inch diameter spiral 
galvanized pipe. The concrete when mixed and placed in this 
manner was at times conveyed as far as 1000 ft. from the mixer 
through the eight inch pipeand gave very good results as to quality 
of lining. It was found however that the forms were not of the 
exactly proper design to facilitate moving, as the space between 
the rock and the forms was so small as to make their movements 
difficult. The forms were not designed so that one section could 
be carried through the other, with the result that unconcreted 
space had to be left between the various form sections which 
involved a large amount of difficult bulkheading. It was found 
that great care had to be exercised to prevent the formation of 
voids in the lining, this being principally due to its relatively small 
thickness. А total length of 240 lineal feet of steel forms was 
used with three pneumatic mixing and placing machines. The 
side walls and arch were first completed,and then the invertor tun- 
nel floor laid. The progress on the sidewalls and arch amounted 
to approximately 200 lineal feet per week or 434 cu. yd., and the 
progress in laying the invert was at the rate of 800 ft. per week 
or approximately 544 cu. yd. The unit cost of the concrete lin- 
ing was as follows: 
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бое ee Ve ne EMEN $5.061 
Сее oct Pe caduto o s oe ee uer eodeni. CO ads 1.970 
Miscellancous табегпа]з............................ 0.405 
ТОСНО иен И 0.136 
ITO Db o рды алы ande PER RES ралды qi a tx 0.065 
Transportatlofzcncncioncexg gom ужа doe POR Ue Ded RR e Be 0 155 
Liability insurance... RR ho eR жауа 0.165 
Rovalty ое 0.413 
Miscellaneous cost... 0.00.00. s () 245 
СИЕ Ооо aes орала ақырды ] 901 
ОПАТ БОНО а ди вй ues Fue) re ebd E Seco Sici аска 0.858 
Plastro oie ace залы eR иы Paa и ANAT ara 0.202 
Cleaning О О bead fe G4 ум CEE ORS ea 0.376 
и ^ 


The materials for lining the tunnel were taken in at three 
places, viz: The forebay, shaft No. 4 and adit No. 3, as the rock 
suitable for this purpose was available at these places. Little 
of the material excavated in the tunnel could be used for the 
lining, the adits through which the waste was taken out opening 
on the gorge side where there was no available space for storage, 
A quarry was subsequently opened at adit No. 3, and from this 
point at least 80 per cent of the aggregate material used in the 
tunnel lining was obtained. All sand used was rolled from the 
rock so that only the cement and supplies had to be transported. 

The specifications called for the entire tunnel to be grouted 
with grout consisting of one part of cement to 13 parts of sand. 
Grout and vent pipes 13 in. in diameter were provided in the 
tunnel arch at other places where necessary, 15 ft. apart, more or 
less. Four grouting machines were constructed and used with 
compressed air under a pressure of about 60 lb. per sq. in., 
and no trouble experienced in the grouting except that at some 
places considerably more material was used than was anticipated 
would be necessary. The cost of the grouting was $1.436 cu. 
yd. of concrete lining, made up of the following unit figures: 


Cost per 
Cost per lineal square 

Item. foot of tunnel. foot lining. 
ООК о ПВ $2.209 $0.0491 
oor) d E 1.649 0.0367 
Ттаперогайой;ны:: 2252 ea ое 0.001 0.0002 
Liability іпхчгапсе.................... 0.065 0.0014 
Miscellaneous ѕиррПеѕ................. 0.155 0.0034 


$4.079 %0.0908 


After the completion of the tunnel, two of the adits were closed 
with concrete barriers, adit No. 3 being fitted with a steel door 
set in concrete so that future access to the tunnel may be had 
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through this adit if desired. Shaft No. 4 was concrete lined and 
carried some ten fect above the ground and screened over so that 
access may be had at this point when desired, and also to furnish 
an additional surge point for the relief of pressure within the 
tunnel. 

The following figures give the approximate total cost of the 
tunnel per lineal foot: 


Ехсауайоп....................................... $44. 44 
Concrete ИЯ ао Ras Sedes Ps 34.20 
QI DU Уу Балк Ас йа Аалы әй dn th wall, a не 1.43 
Adits and ЛАС leery и 1.91 
Compressor plants, spur tracks and operation........ 8.99 
О TOPs: «dada oW ee Aegis ROI Rab AE Rd eo OS a MN 2.94 
йуз c PT" $03.91 


It will be noted that notwithstanding the high cost of the 
' concrete lining, the total cost of the tunnel compares favorably 
with that of other developments. Fig. 12 shows the completed 
tunnel. 

FOREBAY 


At the lower end of the tunnel, the forebay, Fig. 13, or surge 
tank is located, which is of reinforced concrete structure. The 
reinforcement consists of heavy steel girders and plates, as used 
in steel building construction, latticed with various sizes of 
steel rods. There were some 700 tons of steel reinforcement used 
in the construction of this tank, which was necessary on account 
of the character of the rock at the location, and the proximity 
of same to the side of the gorge, this ground not being deemed 
of sufficient strength to be depended upon in caring for any of 
the hydrostatic pressure due to a surge or the static condition. 
The tank was therefore made entirely self contained from a 
pressure standpoint. 

This tank is 30 by 70 ft., and 95 ft. deep, and was designed to 
take the entire surge of the water when all of the wheels are 
shut off under 25 per cent overload. 

The excavation at this point involved some 4750 cu. yd. of 
rock, all of which was badly weathered and shattered, the 
greater portion of it being of such nature that it could not be 
used in the forebay or tunnel lining. The thickness of the con- 
crete in the tank varies from three to six feet, duc to the irregular 
breakage of the rock sides. As shown in the accompanying 
sketch, (Fig. 13) the tank extends about 64 ft. into the rock, the 
remaining 31 ft. of its depth or heighth being above the ground 
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line. The tunnel enters the tank a few feet above the bottom 
at the center of one side, and the six penstocks leave the tank 
on the opposite side, each of these penstock tunnels being pro- 
vided with an emergency gate which will automatically break 
its supporting chain if the penstock should rupture. 
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| Тһе excavating of these six tunnels from the forebay to the 
side of the gorge was extremely difficult, both on account of their 
small size and the character of the rock through which they had 
tobecut. Very light drilling and blasting was necessary in order 
not to break the rock barriers between the tunnels, which it was 
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desired to leave intact because of the additional strength they 
might give the structure. 

After the penstock pipes had been installed in these tunnels, 
concrete was placed around the pipes filling the space between 
the pipes and the walls of the tunnels, and then thoroughly 
grouted under pressure. It was a source of great satisfaction 
after the forebay had been completed and the water first turned 
into it that no leaks of anv nature were discovered. 

The cost of the rock excavation at the forebay was as follows: 


1,аБһотг................................%1.620 per cubic yard. 
Гр Обе s oh таран 0.106 | 
Ттапзрог{айоп..................... 0.089 
Liability їпҗигапсе.................. 0.067 
Miscellaneous supphes.............0. 0.246 
Miscellaneous ехрепвев.............. 0.038 

$2.166 


The concrete lining of the forebay shows the following unit 
figures: 


САВО, оо bbb eel $1.650 per cubic yard. 
Cement 1.920 
Lumber Sob 0.117 
Freight.............. 0.012 
Transportation... ........ 0.013 
Liability insurance............. 0.049 
Miscellaneous ехрспвев......... 0.178 
Crushing зіопе.............. 1 569 
Miscellaneous supplies........ 0.033 

$5 571 


The above figures represent the unit cost of the concrete below 
elevation 1500. The thickness of concrete was so small and 
the amount of reinforcement so great in comparison with the 
concrete below elevation 1500 that no unit cost per yard was 
made. The concrete used above elevation 1500 cost $1.925 per 
superficial square foot surface one side. 

The cost of the steel reinforcing and erection is not given as 
this depends largely on the market price of the steel, and 1s 
exactly the same as in all steel building construction. It 
should be noted in connection with this structure that with all 
concrete used below the ground surface, forms were used only 
on the inside, the concrete coming into intimate contact with 
the rock outside the steel structure. 

Reference to Fig. 14, will show the elevation of the water 
in the surge tank and the hvdraulic gradient corresponding 
to the various loads on the Tallulah station with the Tallulah 
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reservoir at its maximum and minimum elevation. This 
diagram shows the downward surge caused by an increase of 
load of 25 per cent and the upward surge caused by the station 
throwing off a load of 62,500 kw., when the storage reservoir 
is at its maximum elevation. It has been found from tests 
that these calculations are extremely accurate. 


INCLINE RAILWAY 


In order to make possible the transportation and handling 
of the vast amount of material and equipment from the head 
of the railroad connection at the forebay to the power house 
site, and to provide a means of access to the power plant after 
construction, an incline railway was constructed. 

The grade of this road conformed to the hillside as nearly 
as possible, in order to avoid excessive excavation. It is ap- 
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proximately 1200 ft. long and rises in that distance some 650 ft., 
the maximum grade being 98 per cent. At each end of this in- 
cline the grade is 85 per cent and a car was provided with a 
capacity of 50 tons, whose platform is of such angle to the track 
that on the 85 per cent grade it is level. This car is built of 
steel throughout, with the exception of the floor. which 1$ of 
timber. All hydraulic, electrical equipment, building material 
and steel work of every nature was transported on this car to 
the power house site without accident either to men or material. 
This was considered quite a record at the time, as 30,000 tons 
of material of all nature and approximately 400,000 passengers 
were handled during the construction period by this railway. 
The accompanying illustration shows the heaviest piece being 
transported, Fig. 15. 

For the operation of the incline railway a steam hoist was 
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provided at the top of the hill to be operated either by com- 
pressed air or by a boiler plant which was located nearby. This 
hoist was also provided with an extension base on which a rail- 
way type motor was to be located after the construction period, 
and the hoist would then operate on energy furnished by the 
main power plant. This hoist was provided with two heavy 
cast iron drums and connected to the car by two 12-1n. diameter 
special steel wire cables, each of the cables being connected to 
the ends of a yoke on the car. The car was provided with an 
automatic cast iron grip connected to the cable yoke and so 
designed that it would close its jaws, if either cable should 
break, on a 12-in. patent locked wire grip cable laid in the center 
of the track and thoroughly anchored at the upper end. The 
ultimate strength of this grip cable as specified, was 260,000 1b. 
There was no cause during construction for this arrangement to 
operate, since no accident involving the breaking of either 
hoisting cable occurred. The hoist 1s arranged to give the car 
two speeds, that of 60 ft. per min. on heavy loads, and of 180 ft. 
per min. when a higher speed is desirable. 

The track of this incline railway is built with 80-lb. rails, 
laid on oak ties with a 6-ft. gage. It was found necessary on 
the upper and lower 150 ft. of the track to lay the ties in con- 
crete, аз no material would stay in place on the rock surface. 
All other portions of this track are heavily rock ballasted; the 
track being at many points anchored to the underlying stratum. 
A brick and steel house covers the hoist arrangement at the head 
of the incline; this house being of similar design and appearance 
to the power house building. The relative cost of this incline 
railway will be given in a subsequent table. 


PENSTOCKS 


When the penstock installation was first considered, a plan 
of installing three penstocks, each serving two units, was given 
considerable attention. It was finally decided to use one pen- 
stock for each water wheel in order to give greater flexibility 
in plant operation and to do away with certain other disad- 
vantages where one penstock' served two machines. 

There are at present installed five of these penstocks, Fig. 16, 
each five ft. in diameter and approximately 1250 ft. in length; 
provision being made for the installation of a sixth pipe. It 
being impossible to bury the penstocks on the hillside, they were 
carried on concrete piers spaced 32 ft. apart, and with heavy 
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anchor blocks inserted at all vertical and horizontal bends. 
Below each of these anchor blocks in all pipes are expansion 
joints of the packed gland type, with an adjustable angle ring 
and square hemp packing. These expansion joints were in- 
serted for the purpose of removing the excessive stress due to 
temperature and other changes of tubes of this large a diameter. 
The maximum variation of temperature considered in this in- 
stallation was 65 deg. fahr. 

In order to allow the penstocks to move freely over the 
supporting piers, 12-in curved steel channels were provided 
under the penstocks at the supporting points; thereby removing 
the adherence or excessive friction at the concrete contact. 
These penstocks were placed on 10-ft. centers and all piers 
and anchor blocks were carried down and anchored to the solid 
rock by means of heavy anchor bolts. The five penstocks 
weigh 1170 tons, of which 565 tons are riveted and 605 tons 
welded; it being deemed advisable to have welded pipe in the 
lower portions of the penstocks where the pressure would be 
greatest. The thickness of the steel plate in the penstocks 
varies from $ in. in the upper section to 11/16 in. in the lower 
portion. There are about equal lengths of each thickness of 
plate beginning with the $-in. plate mentioned and increasing 
by 1/16-in. steps. 

Each section of welded pipe was tested at the manufacturers 
shop in Germanv with a pressure of one and one half times 
that to which the pipe would ultimately be subjected. After 
erection, all field joints were caulked inside and out, and at 
angle points stiffening angles were supplied for the purpose of 
anchoring the penstocks in the concrete blocks. Ап eight inch 
diameter air valve is provided in each penstock just below the 
upper gate in order to break any vacuum caused by a too rapid 


acceleration of the water column in the penstock below. It 


` can well be imagined that considerable difficulty was encountered 
in placing and riveting these penstocks. As it was done in 
the summer time it was found impossible to do any riveting 
on the pipe except at night on account of the heat of the sun. 
The temperature inside of the pipe rising at times to 170 deg. 
fahr. 

The five feet diameter of each penstock is maintained through- 
out its length, with the exception that Venturi meters have been 
installed just above the switch house for the purpose of water 
measurement. In the Venturi throats the water channel tapers 
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to 35 in. It again resumes the five feet diameter until reaching 
the 45-in. hydraulic gate valve at the turbine entrance, where 
the pipe tapers to this diameter. Each penstock is provided 
with a 60-in. electrically operated gate valve just outside of 
the forebay wall. These valves are operated by an electric 
motor, which is controlled from the power house generator room; 
signal lights being provided at that point indicating whether 
the valve is open or shut. These valves are seldom used and 
then only at the times when the unit is shut down for repairs 
or under other circumstances which carry the shut down over 
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several days. The expansion joints mentioned have proved 
extremely satisfactory, no leaks developing in them, notwith- 
standing the fact that a maximum movement of two inches has 
occurred at times. 

The preparation of the ground surface for the installation of 
the penstocks involved a rock excavation of 33,238 cu. yd., 
and the placing of concrete in the anchor blocks and founda- 
tions to the amount of 8112 cu. yd. With the exception of 
the concrete adjacent to the power house, all concrete was 
placed in the penstock foundations from a central plant, the 
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mixed material being carried down in wooden chutes to each 
block. There were 2231 yd. of this concrete placed, under a 
contract price of $7.50 per vard. The remaining 5881 yd. was 
placed at the following unit cost: 


О bard ad wiped н ren Se ГС Г $3.422 
ocn) "correr 1.639 
Miscellaneous 5ирре$............................. 0.314 
DUI далы ОЛОК КОЛЛ ТГ iod tip ded 0.258 
Гтаперотта поп on ach кы dob P he eh к AE E RS 0.102 
Liability- Insurance саси ete orbem а des 0.107 
Plant erection and орегайоп....................... 0.854 
Miscellaneous ехрепвев............................ 0.166 
Total cost per cubic yard... iussu VR Lat rs e Re $6.862 


Of the excavation, 13,636 yd. were taken at the contract 
price of $1.50, the remaining 19,602 vd. being taken at the 
following unit cost: 


ПОО А eu d avito Жа degere tet балын саны ысын Deh eas $1.163 
EEX PlOSIV D D" 0.042 
TranspOPLtatOhue ы аккад VE EA 0.075 
Liability Оита Се exeo X ERE ERG EPI SUNG EA GS 0.053 
Miscellaneous зирр[ев............................. 0.94 

Miscellaneous ехрепве............................. 0.008 
Total eost per cubic уага.......................... $1.435 


Fig. 17, gives dimension of the penstock and its relation to 
the forebay and power house. 


PowER PLANT BUILDINGS 


The power plant buildings, as shown in Fig. 18, and in cross 
section, Гір. 19, are constructed with a concrete sub-structure, 
and a structural steel framework enclosed with full brick walls 
as a super-structure. The roof consists of steel trusses with 
steel channel purlins surmounted by reinforced concrete slabs, 
these slabs being interlocked and cemented after being placed. 
The upper surface is red in color giving the appearance of tile, 
and the under-surface painted white. 

There are two main buildings, known as the generator build- 
ing and the switch house, which are connected by a small build- 
ing of the same general type, 28 ft. 4 in. long and 20 ft. wide. 
The two main buildings and this small building form a structure 
resembling a letter H. № wood or inflamable material of any 
nature has entered the construction of these buildings and they 
are therefore entirely fireproof. 

The generator building 186 ft. long, 42 ft.-3 in. wide and 49 ft. 
high above the generator floor, is designed to accommodate six 
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units on 28-ft. centers. The concrete sub-structure of the gen- 
erator building comes up to the window sills in the generator 
room, and above this begins the super structure. The turbine 
room is below the generator room floor, and from the turbine 
floor to the contact with the rock is a solid concrete founda- 
tion. Heavy dividing walls separate each turbine bay and 
support the generator floor which is of steel frame-work encased 
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in a concrete floor approximately five ft. thick. The units are 
on 28-ft. centers with all of the hydraulic machinery, with the 
exception of the governor head on the lower floor. This in- 
cludes for each unit, one 17,000-h.p. vertical hydraulic turbine, 
two triplex oil pumps, each of 70 gallons per minute capacity, 
and one oil filter and storage tank from which these pumps 
obtain their supply of oil. One of the pumps 15 driven by a 
direct connection to the main turbine shaft and the other by 
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а 35-h.p. 220-volt 4-с. electric motor, this motor being supplied 
with energy from the auxiliary exciter bus. The pumps serve 
two purposes in connection with the water whecls; that of 
lubrication and gate control, the governor on the generator floor 
actuating by means of oil pressure of 160 lb. two cylinders at- 
tached to the gate yoke which opens and closes the wicket gate 
according to the control of the governor action. 

The water turbines are designed to operate at 514 rev. per 
min. under an effective head of 580 ft., this, by the way, being 
the highest head under which any turbines are being operated 
in the United States. The runners of these machines are made 
of bronze and cast in one piece, 56 in. in diameter, with eighteen 
buckets or vanes. This runner is bolted to the lower flange of 
а 14-in. nickel-stcel shaft, the shaft being built in two sections, 
one connected to the water wheel and the other passing through 
the generator rotor, the two sections being bolted together by 
means of a faced flange coupling. The scroll case of the turbines 
is made of cast iron in one piece, and has a 45-in. inlet with an 
outlet flange immediately opposite connected to a 20-in. gate 
valve which is in turn connected to the hydraulic relief valve. 
This relief valve is operated by the governorand opens when 
any sudden reduction in water demand occurs. The 24 wicket 
gates of the turbine are of forged stcel and connected to the 
operating ring by cast steel shanks. The main journal or guide 
bearing of the water wheels is held by the upper cover, and 1s 
lined with lignum-vitae strips with end wood towards the shaft. 
Immediately above these lignum-vitae strips 1$ a chamber which 
is piped to the water in the penstocks and kept just overflowing 
during operation. The relief valve mentioned is capable of 
discharging 70 per cent of the water capacity of the turbines, 
thus eliminating the water hammer and excessive pressure in 
the penstocks due to any load being suddenly removed from 
the machines. 

The turbines are set directly over the entrance to the draft 
tube, which is 40 in. in diameter at the upper end and eight feet 
at the outlet. | 

All of this equipment was tested under 400 lb. pressure per 
sq. in. before it left the manufacturers shops. The governor 
cylinders which operate the gate mechanisms are capable of 
exerting 60,000 ft-lb. of energy in this operation. They are 
mounted on base plates which are secured to the scroll case and 
bolted to the concrete floor. The entire scroll case is sub- 
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merged in the concrete foundation to half its diameter. The 
specifications for the governor control called for a speed variation 
for 25, 50, 75 and 100 per cent variation in load not to exceed 
3, 7, 13 and 20 per cent respectively, above or below normal. 
It was also specified that the flywheel effect of the generator 
rotor would be 1,250,000 ft. 1b., and it has been found during 
operation that the speed regulation under these circumstances 
is much better than that specified. While no accurate рег- 
centage has been obtained, it has been noted that full load may 
be thrown off the machines without any noticeable increase in 
specd. 

The 45-in. gate valve is placed in the penstock line just ahead 
of the heavy cast steel anchor piece which 1$ in turn connected 
to the turbine. This gate valve is hydraulically operated, con- 
trolled from the generator floor, and has a control cylinder 263 
in. in diameter, with cast iron piston and bronze covered gate 
stem. 

The water discharged from these turbines enters the tail 
race which is tapered from 10 ft. at the upper end to 50 ft. at 
the lower end, and is protected from the river by a solid con- 
crete wall extending from the first unit upstream to 100 ft. be- 
low the power house proper. Installed in this tail race at the 
lower end is a submerged concrete wall which was fitted with 
anchor tubes and bolts for the purpose of erecting a weir thereon 
at any time it may be desired to accurately measure the dis- 
charge of water from the machines. In addition to this weir, 
and in service constantly, are Venturi meters connected through 
a system of piping and valves to cach penstock. This meter 
installation consists of one meter and recording device, and four 
manometers which can be connected to any penstock desired. 

In addition to the five main water whecls there is installed 
a 75-h.p. Pelton wheel driving a 50-kw. exciting set, this wheel 
being placed in the sub-structure of the small building, and 
serving as a small station pick-up set or exciter as*desired. 


GENERATORS 


The generator equipment, Fig. 20, as installed at present 
consists of five main units, each rated at 12,000 kv-a. maximum, 
at 6600 volts. They are three-phase, 60-cycle revolving-field 
tvpe, very similar in design to vertical steam turbine units. 
These machines are guaranteed, when operating at 80 per cent 
power factor, to have a tempcrature rise not exceeding 40 deg. 
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cent. or at 25 per cent overload for two hours, not above 55 
deg.cent. It has been found in opcration that these temperature 
are not reached under the above conditions. They have a 
guaranteed efficiency under full load of 95.5 per cent, which has 
been considerably exceeded under tests. АП the guarantees 
on these machines were based on а 10,000-kw. rating, but their 
performance under operation was such that they were re-rated 
to 12,000 kw. maximum, for the reason that not only were they 
good for this load on continuous run without the temperature 
rise exceeding the specifications for 10,000 kw., but it was also 
found that the water wheels could be re-rated to 17,000 h.p., 
thus conforming to this additional generator capacity. 

The revolving field structure is made up of steel disks bolted 
together with the field pieces dove-tailed thereto. They are 
designed to withstand a runaway speed of 1.7 times normal 
for one hour. The ficld coils are wound with strip copper on 
edge and insulated sufficiently to meet this requirement, heavy 
spacing and end blocks are provided for each coil to prevent the 
windings from bulging under this high speed. 

The generator has two guide bearings and also carries the 
thrust bearing supporting the entire revolving weight. This 
bearing 1$ of the ordinary disk type and 1$ supplied with oil at 
150 pounds pressure. It is supported by the generator housing 
just below the exciter, which is also carricd on the same sup- 
port, the exciter armature being bolted to the upper end of the 
generator shaft. The over-all diameter of the generator 1s 
13 ft.-81n. and the height from floor to top of exciter 17 ft.-8 in., 
the total weight without the shaft being 76 tons. 

Each generator is already indicated, 1s surmounted by a six- 
pole, compound-wound, commutating-pole exciter direct con- 
nected to the generator shaft and having a rating of 100 kw. 
at 250 volts, with 25 per cent two-hour overload capacity. 
Each exciter is capable of exciting two generators and provi- 
sions are made in the switching arrangement so that any exciter 
may be operated in parallel with the others on the field bus or 
connected to an auxiliary power bus. These exciters are con- 
trolled by a two-unit voltage regulator, thus providing a means 
of operating the station on two independent power services. 

The wiring from the exciters 1s carried down the inside of 
the generators between the laminations and the cast armature 
ring, and is connected to the main exciter switchboard by cables 
laid in fibre conduit which are in turn laid in the concrete of 
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the generator floor. The power current of the generators is 
connected through a similar system of conduit by means of 
cables directly to the oil switch equipment in the switch room, 
no a-c. switching of any nature being done in the generator 
building. | 

The armature windings of the generators are Y-connected, 
the neutral being carried to a svstem of switches whereby only 
one generator may be grounded at one time. 

The ventilation of these machines is forced by means of 
fans on each end of the revolving field, which cause a flow of 
35,000 cu. ft. of air per minute. This air is taken from the 
waterwheel floor and discharged through the generator air 
passages opening into the gencrator room. 

The generator room is provided with a 60-ton electric crane 
travelling the entire length of the building. This crane is 
also fitted with an auxiliary hoist of 15 tons capacity mounted 
on the same carriage as the main hoist. It is supplied with d-c. 
energy at 250 volts from the auxiliary exciter bus. | 

The generator room is also provided with a gallery, аз shown 
in Fig. 20, 155 ft. long, which eacloses all field rheostats, exciter 
and auxiliary buses, and exciter switchboard, this switchboard 
being on the same level with the generator room floor. 


SwiTcH HOUSE 


The switch house 15 a building similar in construction to 
the main building and is 244 ft. long, 46 ft. wide and 103 ft. 
high from the first floor to the lower cord of the roof trusses, 
inside dimensions. It 1s so situated on the hillside that the 
lower outside wall 1s 15 ft. higher than the one next the hill side. 
This building is substantially provided with three floors, the 
first floor containing all low-tension switches, transfer buses, 
etc., the second the power transformers, and the third all high- 
tension switching equipment. 

Referring to the accompanving wiring diagram of the power 
house, Fig. 21, it will be noted that the generators are connected 
through low-tension oil switches on the first floor of the switch 
house to the transformer deltas on the floor above by two 
1,000,000-сіт. mil varnished cambric-insulated single-conductor 
cables for each phase, carried in fibre ducts, these ducts being 
supported in passing from the generator building to the switch 
house by means of small reinforced concrete bridges. The 
switching arrangement is so designed that each generator may 


1915] ADSIT: HYDROELECTRIC CONSTRUCTION 2525 


be connected so its respective transformer bank, or connected 
to a transfer bus running the entire length of the building to 


supply any other transformer bank, and to multiple the gen- 


erators on the low-tension side. There are three-low-tension 
switches to each unit, the generator and transfer bus switches 
being non automatic of 1200 amperes capacity. The trans- 
former switches are of the automatic tvpe, and are provided 
with inverse time limit relays, so arranged that they will trip 
both the low-tension and high-tension transformer switches 
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simultaneously. These relays are energized from three 1500- 
ampere current transformers inserted in the transformer con- 
nections, and housed within the concrete barriers in the low- 
tension switch room. All of the low-tension 6600-volt oil 
switches are of the remote control, motor-operated type, and 
each phase separately enclosed in a brick compartment with 
brick barriers. The switches and operating mechanisms are 
supported on soapstone slabs built into this brick structure. 
Disconnecting switches are also inserted in each lead, and 
located in this brick structure for the purpose of isolating the 
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switches in case of repair. "The transfer bus, running the entire 
length of this "lower floor is also enclosed in a brick and soap- 
stone structure. 

АП high-tension wiring consists of one-in. copper tubing 
spaced eight ft. between phases, and mounted on porcelain in- 
sulators. The high-tension bus runs the full length of the 
upper switch room, and 1$ sectionalized in the center by a bank 
of oil switches. Each of these sections is again sectionalized 
by means of disconnecting switches of the ordinary open air 
tvpe, which provides each of the four high-tension outgoing 
lines with an individual section of this high-tension bus. 

The high-tension oil switches in this room are of the solenoid 
operated type, each switch being single pole, double break, 
single phase, so that three are installed in each unit and operate 
simultaneously. "They are installed in this switch room, one 
bank of switches for each transformer, one bank for section- 
alizing the high-tension bus, and four banks in the outgoing 
lines, making a total of 10 banks or 30 separate switches, which 
is said to be the largest number of 110,000-volt switches in- 
stalled 1n one room in service in this country. One of the 
accompanying illustrations, Fig. 22, shows a general view of 
the arrangement of switches in this room. 

The outgoing line switches are provided with inverse time 
limit series relays mounted on post insulators just above the 
switches. | 

It may be interesting to state at this point that one bank 
of these outgoing line switches has opened under an energy 
load of 27,000 kw. without spilling the oil or causing the slight- 
est disturbance. 

All of the high-tension switching equipment and wiring is 
designed for 110,000-volt operation, but has frequently been 
subjected to an operating condition demanding 130,000 volts 
at this station without the least injury. 


THE CONTROL BOARD 


The operation of the entire station is carried out from the 
control board on the upper floor of the small building соп- 
necting the two larger ones, and consists of the ordinary bench- 
board controlling all oil switches of the remote control type, 
the water wheel governors, exciters, main generator rheostats 
and voltage regulators. It is also fitted with signal buttons 
enabling the operator to advise the water wheel and generator 
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Fic. 23—TRANSFORMEK BANKS 
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attendants of his desires in connection with the starting or 
shutting down of any machine. Immediately behind this bench- 
board 1$ a six panel, black slate, instrument board, on which all 
electrical instruments are mounted. In addition to the usual 
voltmeters, frequency indicators, power factor indicators, am- 
meters and recording instruments, a device has been installed 
whereby any line disturbance causing a permanent or tem- 
porary ground is brought to the attention of the switchboard 
operator by means of relay operating flash lamps and a record- 
ing ammeter. These instruments are connected to current 
transformers in the grounded neutral of the high-tension leads. 
The relay is designed to make sufficient noise to attract the 
operator’s attention should he fail to notice the lamp signals. 
This instrument has been found to record any flash-over of the 
line insulators, and almost every other disturbance which 
occurs on the high-tension lines. It gives the operator in many 
cases advance information of coming trouble. 


TRANSFORMERS ` 


Corresponding to each of the five generators is a bank of 
single-phase, water-cooled, oil-insulated, shell-type transformers, 
each bank being separated from the adjacent banks by rein- 
forced concrete fire walls, Fig. 23. Each of these transformers 
has a normal continuous rating of 3333 kv-a. with a temperature 
rise within 40 deg. cent., and a 25 per cent two-hour overload 
capacity with a temperature rise within 55 deg. cent., based 
on a supply of 15.7 gallons of cooling water per minute, with 
an efficiency of 98.7 per cent. 

The water for these transformers is supplied through a pip- 
ing system running the full length of the switch house, from 
an elevated tank above the main buildings, which is in turn 
connected through an automatic filling valve to the penstocks. 

The low-tension 6600 volt windings of these transformers 
are delta connected, while the high-tension windings are star 
connected, the arrangement giving a transmission voltage of 
110,000 volts. The high-tension windings are accordingly de- 
signed for 63,500 volts. The neutral lead from all banks is 
connected through open air disconnecting switches to a main 
ground bus, which is grounded through 127 ohms current limit- 
ing resistance. These transformers are furnished with three 
5 per cent taps, corresponding to voltages below normal of 
60,300, 57,200 and 54,000. They were all submitted to a test 
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of 220,000 volts for one minute between primary and second- 
ary, and primary and core. The tanks are cylindrical in de- 
sign, built of steel plate with cast iron covers. They are mounted 
on trucks which can be moved to any part of the switch build- 
ing by means of a transfer truck onto which the smaller truck 
supporting each transformer can be rolled. 

Each transformer requires approximately 2800 gallons of 
insulating oil, and a system of piping has been installed whereby 
this oil may be taken from any transformer, filtered and returned 
thereto without necessarily taking the transformer out of ser- 
vice. A quick-opening valve is provided at the bottom of each 
transformer and connected to a system of discharge piping out- 
side the building through which the transformers may be 
quickly emptied of oil in case of fire. Each transformer 1$ 
provided with thermometer equipment fitted with contact 
making device for operating an alarm bell in the control room 
in case of any temperatures reaching a dangerous value. 

These transformers are eight feet in diameter, 13} ft. high to 
the top of the cover, and 16 ft.-6 in. to the top of the high- 
tension leads, each single phase unit weighing complete with 
oil 23 tons. 

OUTGOING LINES 

The high-tension leads leaving the building are carried 
through built up porcelain insulating shells attached to the 
steel-frame work of the building and filled with insulating oil. 
Fig. 24. There are four outgoing lines, the three leads of each, 
after leaving the building being connected through choke coils 
mounted on a steel framework bracketed to the steel work of 
the switch house. Immediately behind the switch house is a 
paralleling high-tension bus in four sections supported on steel 
frame work resting on a concrete base, one of the outgoing 
lines being connected to each section, and open air disconnect- 
ing switches installed between the bus sections. The outgoing 
lines then pass to the lightning arrester structure, Fig. 25, this 
structure being likewise of galvanized stecl frame-work sup- 
ported on concrete foundations, the lightning arrester equip- 
ment consisting of four-tank, aluminum-cell, three-phase 110,000- 
volt arresters, three of the tanks being connected through the 
horn gap switches to the separate phases of the line, and the 
fourth tank between the common terminal of the other three 
and ground. Four sets of such equipment have been installed, 
one on each line. 
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STATION SERVICE 


The station lighting service is supplied from the low-tension 
bus through two banks of three 20-kw. single-phase trans- 
formers, stepping the voltage down from 6600 volts to 230 or 
115 volts. This lighting service may also be supplied from the 
exciter or auxiliary buscs, or if the station is entirely shut down, 
from the 75-h.p. Pelton water wheel set previously mentioned. 

The alternating current service also supplies power to a motor 
driven air compressor, the air being piped throughout both build- 
ings with service connections opposite each piece of electrical appa- 
ratus so that it may be used for cleaning and other station service. 

A ground bus has been carried through the cement floors of 
the power house buildings and connected to every electrical 
piece of apparatus in service. It is also connected to the steel 
building structure at various points and to the cast iron hous- 
ings of the entrance bushings. Every precaution thus being 
taken to insure the grounding of all parts with which the opera- 
tors might come in contact. This ground bus is connected to 
a separate ground other than that of the high tension-arresters. 

The unit cost of the power house buildings, and installed 
equipment is given in the following tables, the cost of the 
hydraulic and electrical equipment being based on the installed 
capacity of 50,000 kw. on the original rating and that of the 
buildings and other equipment on 60,000 kw., the ultimate 
capacity of the original rating. 

BUILDINGS AND FOUNDATIONS: 


Rock excavation........ $0 .428 per kilowatt of capacity. 
Concreting foundations and sub- 

jnainia LT 2.114 
Structural steel.. лала um d Une 
Handling and unloading. vm 0.030 
Erectig КККК ЛК аеро cud 0.109 
Brick, sand and cement. ....... 0.460 
Handling, mixing and laying. .. 0.960 
Windows and doors.. Kiet ances, ilf 
Handling and erecting. —— S 0.003 
Tile ТООП 55524:525 on за ens ws 0.115 
Concrete tile floors................ 0.400 
Miscellaneous material............ 0.186 
Miscellaneous labor and transpor- 

tation of теп.................. 0.234 
Paintihg.is. оо ааа оне 0.124 
Plumbing.. : ее ось О: ОЭЗ 
Building inspection оо ае ох 0.142 

TAIL ВАСЕ: 

Rock excavation. Аты ыы usb. 
Cribbing.. ‚........ 0:017 
Concreting tail race walls.......... 0.242 
Тон араға ыды а tes %6.512 
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EQUIPMENT: 
Hydraulic equipment.............. $6.582 per kilowatt 
Handling and erecting............. 0.463 
Electrical equipment and erection... 6.236 
Auxiliary equipment.............. 0.999 
Handling and erecting auxiliary 
equipment.. ...... 0.105 
High- and low-tension switch and 
bus 5%гисїиге................... 0.445 
Water and oil piping system........ 0.244 
Total едціртепё.................. $15.074 


Grouping the above items under a more condensed form, 
we have: 


Тайтасессалльнасты ны АРЫМАС оо S % .456 
Ваійіпрв-вчВвігісінге........................... 2.542 
Вшійіпр5-вирегвігісінгев......................... 3.372 
Buildings—inspection. .... 0... 0. cee eee ee ee ee eee 0.142 
Total eQuipmelt ео on дала ее QUO RE 14.074 
Cost per kw. capacity: вака $21. 586 


In addition to this cost there is a certain proportion of the 
temporary compressor plant, spur tracks, general tool and 
utility equipment, etc., amounting to $1.178 which should be 
charged to this power plant construction, making the total 
cost of the power plant buildings and equipment $22.764 per 
kilowatt capacity. 

As the foregoing costs do not in some instances give the cost 
of completed structure under the various headings, the follow- 
ing table will supply the construction cost per kilowatt capacity 
of the entire power production plant, including reservoirs, 
dams, all hydraulic conduits, power plant and equipment, and 
including temporary construction plant, such as compressor 
plants, water system, spur tracks, etc. 


Mathis dams and reservoirs.................$17.104 per kw. 
Intake dam and Вгідре..................... 4.660 
АТАКЕ euro рио aeta e Marie 1.102 
И E eA duode Eu ТГ. 12.379 
Fore Days METTI 2.395 
Penstock tunnels and portal................. 0.694 
Penstocks and foundations.................. 5.568 
Power plant and equipment... —-———— — 22.764 


Total construction cost power production 
plant per КПожаїё....................... $66 . 666 


TRANSMISSION LINES 
As already pointed out in the beginning of this aridis the 
power house at Tallulahis connected with the main distributing 
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station at Atlanta, known as the Boulevard station by a double 
circuit steel tower line. 

The towers, Fig. 26, on this line are of the four-legged con- 
struction, 66 ft. in height, 20 ft. square at the base and 5 ft. 
at the top or basket portion of the tower, and weight 5554 Ib. 
The towers are fitted with four channel iron cross arms of such 
lengths as to support the two circuits from the ends of these 
arms with a clearance of 16 ft. between the two circuits, or 
5ft.-6 in. between either circuit and the tower. This tower is 
known as the standard 4/0 
tower to distinguish it from ‘575’ 5 = Hert 
another type of heavier con- 
struction which is used asan ~ 
angle tower on the same line С° 
Thislatter tower weighs 6880 
lb. The specifications govern- 
ing the design of the standard 
4/0 tower were as follows: 

Case 1. A pull of 4300 Ib. 


at right angles to the end of 
any one cross-arm, represent- 
ing the stress due to the dead- 
ending of one conductor. 


Case 2. A vertical load of “Т” 
1500 Ib. at the end of any or 
all cross-arms to cover the 
weight of the wire and in- 
sulators in adjacent spans. 

Case 3. A load of 1500 lb. 
in any direction at the top of 
the tower corresponding to 
the wind pressure on the 
projected tower area. 

Case 4. A load of 10,000 lb. at right angles to the line or 
parallel to the cross arms; that is, 2500 1b. at each cross arm; 
at the same time a pull parallel to the line or at right angles 
to the cross arms of 8000 lb., that is, 4000 lb. in the same or 
opposite directions at the end of any single cross-arm, or at 
one end of any two cross-arms. The first conditions represent 
the stress due to wind pressure on the projected area of the 
cross-arms and wires themselves, and the second the stress 
caused by the breaking of two wires, one on each side of the 
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cross arm at different ends, resulting in a couple which sets 
up torsional strains in the tower. 

The cross-arms are proportioned for a combination of Cases 
1 and 2, and 1250 lb. horizontal thrust at the end of the arm. 
The tower is proportioned for the maximum combination of 
cases 2 and 3 or 2 and 4. 

The footing for the regular straight line towers were secured 
by extending the tower legs some seven feet into the ground and 
bolting cross angles to them. Оп strain and angle towers, con- 
crete footings were provided, and the tower legs secured fastened 
to these footings. 

The towers on this line are spaced from seven to eight per 
mile, and as stated carry a double circuit transmission line. 
Each circuit consists of one 7/16-in. steel strand ground wire 
and three 4/0 copper conductors, made up of seven strands of 
hard drawn copper with a central strand of soft drawn. All 
four wires of each circuit are arranged in a vertical plane with 
9-ft. spacing between the power conductors and 3 ft.-4 in. be- 
tween the ground wire and upper conductor immediately below. 

The ground wires are fastened to the ends of the upper cross- 
arms by means of a specially designed steel clamp, and the 
power conductors suspended from the ends of the other three or 
lower cross-arms by means of two part suspension insulators, 
with four units in series on straight line towers and five on 
strain towers. Strain towers are provided for anchoring the 
conductors every mile, and also on both sides of all railroad, 
telephone line or other power line crossings. 

From the Boulevard station to what 1s known as the North 
Atlanta switching station, a distance of 3.6 miles, is constructed 
a steel tower line of somewhat heavier proportions, the towers 
on this line being 80 ft. in height and weighing approximately 
8000 1b., while at certain places along this line an additional 
20-ft. extension was necessary to raise the conductors a suffi- 
cient height above the city roadways. This line is known as 
part of the Atlanta Outer Zone Line, and carries in addition to 
the two 7/16-in. steel ground wires, and the two 110,000-¥olt, 
2/0 circuits, two 11,000-volt lines of 4/0 copper conductors. 

The 110,000-volt line from the North Atlanta Frame to 
Lindale is also carried on a double circuit steel tower line, one 
circuit of which has not yet been installed. These towers are 
similar in design to those used on the main Tallulah-Atlanta 
line, but of lighter construction, and are known as the standard 
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2/0 towers. They measure 16 ft. at the base, 4 ft. at the top, 
and are 70 ft. high. They were designed to withstand the 
following loading: 

Case 1. A longitudinal pull of 3000 lb. at right angles to the 
end of any one cross-arm. 

Case 2. A vertical load of 1200 lb. at the end of any or all 
cross-arms. 

Case 3. A load of 1200 lb. pulling in any direction at the top 
of the tower. 

Case 4. A load of 8000 lb. pulling at right angles to the line 
or parallel to the cross arms; that is, 2000 lb. at each cross 
arm. At the same time a pull of 5000 lb. parallel to the line 
or at right angles to the cross arms; that is, 2500 lb. at each 
end of any single cross-arm in the same or opposite directions, 
or at one end of any two cross-arms. 

The combination of loads used in the design was the same 
as in the 4/0 towers, and the unit stresses likewise the same. 

The power circuit consists of three 2/0 stranded copper con- 
ductors, and the ground wire is a ?-іп. steel strand, the wires 
being arranged in a vertical plane the same as on the Tallulah- 
Atlanta line, and the spacing likewise the same. The insulators 
used on this line are of the suspension tvpe 10 in. in diameter 
with five units in series on straight line towers and six units 
on strain towers. The line is 65.4 miles in length from the 
North Atlanta station, or 69.2 miles from the Boulevard 
station. 

The 110,000-volt line from Atlanta to Newnan is also carried 
on the Outer Zone line from the Boulevard station to North 
Atlanta, and from the latter station to Newnan on а double- 
circuit steel tower line of exactly the same design as the Lindale 
line, just described. Only one 110,000 volt line has been in- 
stalled on this tower line, but there has been strung on the 
other side of the towers between the North Atlanta station and 
Fairburn, Ga., a station some twenty miles distant from Atlanta, 
a 22,000-volt three-phase 4/0 line, which is being used for sup- 
plying the territory around the latter station with low-voltage 
power until a regular high-tension substation can be built at 
this latter place, and the second 110,000-volt line strung along 
the steel towers. 

The approximate cost in detail of the Tallulah Atlanta trans- 
mission line is given in the following table: 


e 
е ^ EN 
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Cost of right-of-way, including commissions, 


surveying, е{с........................... $ 845.72 per mi. 
Legal expense, examination of titles, ес....... 184.2 
Clearing гірһі-оҒ-мау....................... 91.04 
Tower таїегїа1——$їее]...................... 1522.66 
Foundations and беййпр.................... 1109.10 
Cost of copper conductors................... 8563.49 
Cost of steel ground мліге................... 196.41 
Cost оЁїп5шШайоп................... РОУ 215.44 
Cost of stringing сопаисіогѕ................. 486.15 
Miscellaneous ехрепвев..................... 49.38 
о ГОЛОСУ ГҮ ТС $8263.66 


The total unit cost of the Newnan and Lindale lines is given 
in the following table: 


ATLANTA-LINDALE LINE: * 


Total cost of гїрһ{-оЇ-жау.................. $ 429.87 per mile 
Total cost of tower line.................... 2571.46 
Total cost of overhead conductors and іп- 

sulators, and cost of stringing............ 1282.72 
ооо $4284.05 

ATLANTA-NEWNAN LINE: 

Total cost of right-of-way..................$ 838.61 
Total cost of tower line.................... 2120.51 
Total cost of conductors and insulators and 

cost of бігіпріпр........................ 1728.78 
@ тҮ ез chr емо. $4687 .90 


TELEPHONE LINES 

The power house at Tallulah is connected with the Boulevard 
station at Atlanta, and the latter station with those at Lindale 
and Newnan by a telephone line strung along the steel tower 
line 15 ft. below the power conductors. This is a two-wire 
line of No. 4 copper-clad steel wire, and was originally installed 
on pin type insulators mounted on steel pins which were in 
turn bolted to one of the lateral members of the steel towers, 
and the transposition effected at every tower by means of long 
and short pins. It was found, however, soon after the power 
lines were put in operation, that the voltage to ground induced 
on the telephone line was so great that talking over the line 
was impossible, and that the insulation could not be main- 
tained intact, so 40,000-volt suspension type insulators were 
then substituted for the pin type, and the Tallulah-Atlanta line 
completely reinsulated as a matter of experiment. After this 
change was made it was possible to conduct certain tests on the 
line which showed that the induced voltage went as high as 
10,000 volts or perhaps much higher under certain conditions 
of operation of the power lines, but that this induced voltage 
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did not seriously interfere with the talking over the line so 
long as the insulation was maintained. The other telephone 
lines were then reinsulated, and as an additional factor of safety, 
two suspension units of a slightly different design substituted 
for the one unit. All these lines have been in successful opera- 
tion since this change. Drainage coils of ordinary 15-kw. 
transformers with the secondary coils open circuited have been 
attached to the Tallulah-Atlanta line at both of these stations 
and also at Gainesville, a station about midway, and similar 
equipment installed at certain points on the other lines, to 
keep the induced voltage as low as possible. 

Telephone booths are provided along the lines every four 
miles, and the arrangement is such at these points that the 
telephone equipment is connected to the line through horn gap 
switches only while it is being actually used. One-to-one in- 
sulating transformers with enclosed fuses are also used as an 
extra protection to this equipment. Provisions are also made 
at each of the booths for sectionalizing the telephone lines, 
and connecting the equipment to either side of the break in 
testing it out. | 

Considerable experimental information and advice was ob- 
tained when the line as originally constructed could not be made 
to operate satisfactorily, but nothing of any material value, was 
accomplished until the insulation problem had been solved in 
the above described manner. The fact that all of the telephone 
lines had to be completely reinsulated accounts for the appar- 
ently high figures representing the unit cost of these lines as 
shown in the following table. 


Cost PER MILE OF TELEPHONE LINES 
Tallulah Atlanta Atlanta 


Item: Atlanta Lindale Newnan 
Materials р Eu $299.59 $239.84 $370.63 
Equipment................. 91.44 78.55 81.91 
Construction............... 119.89 100.10 103.58 
Total...................... $510.92 $468.49 $556.12 


THE BOULEVARD SUBSTATION 


The Boulevard substation, Fig. 27, so named because of 
the street on which it is located, is some two miles North of 
the main business district of the city of Atlanta, and is the 
largest station of its particular type which has yet been con- 
structed. It is used as the main distributing station for both 
high-tension and low-tension power for the Georgia Railway 
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& Power Company's system, and is of the out-door type, all 
high-tension structures, transformers and equipment being out 
of doors, only the low-tension switching equipment being in- 
side the building. It consists essentially of a steel frame ap- 
proximately 200 ft. square, and a two story brick building con- 
taining the main operating room, and all low-tension equip- 
ment, in addition to several smaller buildings. 
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The steel framework is made up of steel towers similar in 
design to the regular transmission line towers and connected 
by latticed steel trusses of standard form. This frame is used 
for supporting the high-tension buses, disconnecting switches, 
and all high-tension wiring. Тһе station is designed for ап 
ultimate capacity of 60,000 kw. All of the equipment for this 
rating having already been installed with the exception of 30,000 
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kw. in power transformers and their control switches. Тһе trans- 
formers now installed consisting of three banks of three 3333 
Ку-а. transformers each, or 30,000 kw. 

The two incoming lines from Tallulah (see wiring diagram, 
Fig. 28,) are connected to the high-tension buses through re- 
mote control solenoid operated oil switches of the out-door 
type, mounted on concrete foundations immediately beneath 
the steel structure. Disconnecting switches are installed оп 
both sides of the oil switches, and four-tank three-phase alumi- 
num cell lightning arresters connected to the incoming lines 
through horn gap switches just before the lines enter the steel 
structures. Similar switching equipment is also provided Ъе- 
tween the high tension buses and the outgoing 110,000-volt 
lines to Newnan and Lindale, and aluminum cell lightning 
arresters also connected to these lines just outside the steel 
framework. Provisions have been made in the foundations for 
the installation of two additional incoming lines, and one ad- 
ditional outgoing line to each of the stations mentioned making 
a total of eight high-tension lines to be ultimately connected 
with this station, part of the steel work for supporting the 
additional incoming lines having not yet been erected. 

The high-tension bus is constructed of j-in. copper tubing, 
and is divided into two sections, which may be tied together 
and operated in parallel by means of an oil switch and discon- 
necting switches on either side. This bus 1$ supported where 
it passes under the latticed steel trusses by disk {уре insulators 


of six units each, and between such points by standard catenary 


construction from а 4-in. copper clad messenger which is itself 
insulated from the steel framework by strain insulators of six 
units each. 

The transformers are arranged in banks of three each, on 
both sides of a walkway extending from the entrance to the 
main building, at one end of the steel framework, along the 
center line of this structure to the repair shop at the other end 
of the steel frames, there being provision for three banks in 
each row, Fig. 29. Running directly along the front of these 
two rows of transformers, between the transformers and the 
walkway referred to, are two transfer tracks of standard rail 
sections, along which the transformers may be carried to the 
repair shop at the far end of the steel frames by means of a truck 
provided for this purpose, the truck being of the proper height 
to permit of rolling the transformers from their foundations 
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directly on to the track. At the main building end of these 
two parallel tracks, are two turntables with a track connecting 
them, so that a transformer may be moved from one bank to 
another on the opposite side of the walkway. The track con- 
necting the two turntables is also extended some 75 or 100 feet 
to the main roadway so that equipment or material can be 
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unloaded from wagons onto the track and then carried directly 
to the repair shop. 

The repair shop is approximately 28 by 42 ft., and constructed 
of high rib steel and cement plaster supported on the stee 
building frame, with two large steel curtain doors in the front 
side of sufficient size to permit of rolling the transformers ОП 
the truck directly into this shop. This shop is equipped with 


Digitized by Google 


Pee И. eG ree , , = Ф = ste - ^v — ә e 73.1 fes p —À == -"-- - --- = МЕНЕ — & z 
— * сүз” 9^ P лі >” “лу nee > % 52%. LII eA. T 5; ^.. — ~ s zi — ча т? Mng PT er hy Lr = 72 PR x ә - , aT. —— = * 2 r А я МАД, ай, | 
" > А ? r қ ' i " ' > а E .” фе i 94 p .” St, ^O^ өзе " 4% А —. l — — - nm a * 
v T < тә иге e) o * ete ^u ^O DIT — ninm. ^ any “МӘ. 5» өф a tm э а н маа > А, iv 1 ка е ғ 2 mia . v wm у + : è e 
" E > 2 2” ығ. - : > - as 4 ~ “ ae " D : : .. 4 к у . Е „> - -. - д ‘oor ТЕБ -——— e MAI. 2- e — б т 
ы д ye ‚ MR | ығын чайы - x — а =g -0ds Қ Е ОБЖ 7 ЖЫК E ^ e - - ~ 2 ә “Ф 


ТОРГЕ RT RTE ER Pags ......- - Pas ho" "a sg "S „Ал. > 4 4 2.2.4 * cou . т>: 5” - a 1 ` 


qu eid MRNA Wd T - teo > wan be "- .. - * " magr . Porn aa Mr t Dade << «стек» кетке аа. але А Lo а + Ё dh ” 
ond hove "ug ч PIC it 5790: :. ӘМ. „ц LM 6. 6608.7 НУО “Жы а - 4- at ~ D aiat ————. Sa 
gue ay iut as РЧА dioe РУ РЕЯ onm х "s > ETTI ri * =. м А t.e s- cade fn p^ te thant, teg ы >”. 2 ль» Р yoo Ч ЗЕЯ з D 22 TI 22222. NEM 
шы Г. a * j~ PUR "^ ” - = ө ~ < > 2 aat m ы E v “> ? " \ - ГЕ 
“ , с — ъл - Ufa. apupa сым. = ULLAALE POET E SA LR = 2... ^ ү * $ И.Р гет aS a . T" ve " 1a. т = - 4; pen Е NT eon чи: у абы - кы. Г 
В уче — 4. os es - - ° ` 
E. — т - > s. 9o. os ouf apte i b ч = ney Me 4... -<- Ang fte ee 4; ——— PENN . "^ | 
2,5 "e = - еза 4 рала. 4 ` = ээр” ———— я rA- _ кыа | de s Ре ta ut UA — 
"ls S ж ~ z ee е ыж: 2: Pa eg. - ~ рее 
К riy > ce s ve? A ie 7 "АЗ 42224 .. — а DTE шш =. =. — y= -—— XT - а ~ — - " 
ч А] > Е е 4 L3 m . е ~ . . Р -—— жа ~ Pe QD; 
Е - ete mds ж...” я т = . F LJ I <, ә - ^ e~e . m è " 
» # La ы от "ai A ^ м € ге 4! M. m m ams Lra a zu 0°, - Sy Bn tar уай” LRP г в, М T А. 4 іе "P 4 
Қ. 22 Y , -. Е Tet nT 8.4. - Жа E Kn ^ Ж” т». >” E e — LE Ev bu ЖЗ. ^f". 0, 4. rear р af gene * ме sa" | РРО ee il 
- — ^e . * s е. Е 2.77“ .. ^" И ase", r - ЖЕ у" у ра ч > $ Ld т 
3 MUS as p уте E i^ -..... 2 eS de ni TN ль, PR gs 24 20,4,. A 5 ” « еды 7 was An 4% . * iy. f 5. V pu v. S o vr 
be . .. - * = е, — $; т” : д и r sega 5 ty .., ГЕ > ^v ” ты 2 4 Е " 2 
h v i ' “ м елу, У р “т , >. on ИТҮ Ав. | - -a ме —_ 2 °. 5%. >. — - -r ern, Р аа Ы an о Ф390 сы - 4. p. ” 
4 е y 4 d (t Yo LT ~ Р" 6. -! 2% 4 - EI ^ + : 2% и ‚у * 9. up ke -4 , Е й -— › ooh LI -%- WI OM y ens - Jy Sas. Р, ЦЕ: А indt us "T = г рефе лы Ж? 
h „А pi ; . "As, ^. Е v en A- агу 4 . "m —— ” > oe Ра " ж. m Ex. $ РУ е + x > ` is, № > а ғ... i9 ; 4 а tu д 
А2 _ - Фан Vy, ^u J| 6-9, .* .... КА 1 жәе. еза oy % - .- —— ....... Ат” руси рии, е sione изм 


PLATE CLVIII. 
VOL XXXIV, NO 10 


[ADSIT AND HAMMOND] 


—ATLANTA 
[ADSIT AND HAMMOND] 


STATION 


MALL SUB 


SUBSTATION- 


S 


BOULEVARD 


31—TYPICAL 


27 
FIG. 


FIG. 


1915] ADSIT: HYDROELECTRIC CONSTRUCTION 2539 


a 10-ton steel crane for handling the transformers, oil filter presses, 
and storage tanks, as well as a small machine shop, so 
that all facilities for repairing transformers or other equipment 
are available, thus keeping the dirt and grease incident to such 
repairs away from the main substation building. 

The oil storage tanks are located in a pit inside the repair 
house several feet below the surface of the ground, so that the 
oil in any transformer may be drained into these tanks by 
gravity through a header which runs along the front of the 
transformer banks by simply opening the quick-opening valves 
which are installed between each transformer and this header. 
This provision was made so that any transformer could in case 
of fire or other accident be quickly drained of oil. Each trans- 
former is also connected with the oil filter presses through other 
tanks by a smaller system of piping so that the oil from any 
transformer may be removed and filtered and then returned 
to the transformer with the least trouble and expense. 

To furnish the water necessary for the cooling system in 
connection with the transformers, a number of wells were driven 
on the property at this station to a depth of some four or five 
hundred feet, and two of these piped up, so that the water may 
be raised to catch basins at the tops of the wells by compressed 
air, and then allowed to flow into a large reservoir by gravity, 
the elevation of the water in the basins being maintained a 
few feet above that in the reservoir. The main reservoir con- 
sists of a concrete basin 61 ft. in diameter and 11 ft. deep, with 
side walls some 12 ft. thick. There is also erected on a steel 
tower at an elevation of 75 ft. above the water in this main 
reservoir, a steel storage tank of 50,000 gallons capacity, and 
the water pumped into this tank from the reservoir below by 
two vertical submerged centrifugal pumps. The water is then 
allowed to flow through the cooling system of the transformers 
by gravity back into the reservoir, except during the hot sum- 
mer months when it is considered advisable to admit this water 
to the waste after passing through the cooling system, that 
fresh cooler water may be pumped from the wells to the reser- 
voir. and thence to the elevated tank. Provisions are also 
made whereby the water in the tank can be discharged into 
the reservoir or waste without going through the cooling system 
when for any reason such a procedure 1s necessary. 

Within the base of the steel tower supporting the storage 
tank, is built a small pump house similar in construction to 
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the repair shop, in which is housed the electric motors for 
operating the pumps and air compressor, the air compressor 
“апа air receiver tanks. 

The transformer equipment now installed in this station con- 
sists of single-phase, 3333-kv-a. shell-tvpe, water-cooled units. 
The tanks are made of heavy boiler iron 8 ft. in diameter with 
cast iron covers, and measure 13 ft.-6 in. from the base to the 
top of the cover. The overall dimensions from the base to the 
top of the high tension leads is 16 ft., and the weight of one 
complete unit including the oil is approximately 25 tons. Each 
unit is supported on a small truck which rests on steel rails 
fastened securelv to the concrete foundation, and is so placed 
that it may be rolled from its regular position on to the transfer 
truck already referred to. 

The primarv and secondary windings of these transformers 
are both provided with four 23 per cent taps, so that the second- 
ary voltage may be maintained at 11,000 volts with a 10 per 
cent variation in primary voltage above or below normal of 
110,000 volts. Based on a supplv of 16 gallons of cooling 
water per minute, at 15 deg. cent., the temperature rise is 
guaranteed not to exceed 40 deg. cent., when operating under 
full load, or 55 дес. under continuous 25 per cent overload 
provided the supply of cooling water is increased to 20 gallons 
per minute. 

The guaranteed efficiencies are as follows: 


11 Load. Full load. 3-Load. 4-Load. }-Load. 

100 per cent power factor. 98.5 98.6 98.5 98.2 97.0 

80 per cent * 98.1 98.2 98.1 97.5 96.2 

The regulation at 100 per cent power factor is guaranteed 
not to exceed 0.9 per cent, and at 80 per cent power factor 
4.4 per cent. 

The transformers were tested by being subjected to a Bee 
tential of 220,000 volts for one minute between primary and 
secondary windings and core, and 22,000 volts between second- 
ary and core. A potential of 220,000 volts was also applied 
across the entire primary windings for five minutes. 

The transformers are connected to the high-tension buseS 
through remote control oil switches and disconnecting switches, 
Fig. 28. The leads from the low-tension windings are carried 
to the rear of the banks to a delta bus made of copper tubing 
of large diameter supported on pipe framework, and thence 
down through large entrance bushings which set in specially 
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designed castings in the roof of the tunnels which parallel the 
two rows of transformers and lead into the basement of the main 
building, After these leads enter the tunnel they are carried 
on porcelain insulators along concrete shelves on the side walls 
to the basement of the low tension building, thence up through 
the disconnecting switches in the bus compartments on the 
first floor of this building to the oil switches located at the tops 
of these compartments on the second floor of the building. 
The leads running alony the shelves in the tunnel are constructed 
of 15/16-in. copper tubing to possess sufficient strength to be 
supported in the above described manner. The other terminals 
of the low tension oil switches are connected to the 11,000- 
volt buses, which are located in the first floor of the main build- 
ing, and similar switches also installed between these buses 
and the outgoing feeders. | 

The disconnecting switches оп the high tension frames out- 
side the building, have blades four feet in length, are of very 
ngid construction, supported by post type insulators of seven 
units from triangular steel trusses, they overhang at an angle 
from vertical to make their operation from ground easier for the 
Operator. They are fitted with safety catches to prevent open- 
ing of their own accord, and also with specially designed sleet 
hoods to facilitate their operation during the winter months. 
All high-tension oil switches are of the remote control, solenoid 
operated type, and with the exception of the high-tension bus 
tie switch, are automatic, being tripped by inverse time re- 
lays actuated from current transformers in the switch bushings. 

The lighting of the grounds at night 1$ accomplished by 
incandescent lights fitted with specially designed reflectors so 
that no light is thrown above the reflectors onto the high-tension 
Wiring, the idea being that defects in the insulation could be 
more easily detected under such conditions. 

The low-tension equipment is all installed in the main sub- 
Station building. This building is of concrete substructure and 
ted brick superstructure, two stories in height not including 
the basement which is connected with the tunnels. It is 81 ft. 
long, approximately 26 ft. wide and 27 ft. high, inside dimen- 
sions. A wing 19 by 26 ft. also projects from the center of the 
building on the side opposite the high-tension structures, the 
upper floor of which is used as the main control room, and con- 
tains the d-c. switchboard, motor gencrators, telephone equip- 
ment and dispatching office and main control board. This room 
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is fitted with steel sash on the three sides facing the high ten- 
sion structures, and because of its location, affords the operator 
an excellent view of all high-tension equipment and, wiring. 
The lower floor of this wing 15 used for the main entrance to the 
building, the battery room, toilets, lavoratories, etc. 

The lower floor of the main part of the building is devoted 
entirely to the switch and bus structures, which are of enclosed 
constructions, made of pressed brick and alberene stone. On 
the second floor are installed all low-tension oil switches and 
station lighting equipment. 

There are four sets of 11,000-volt busbars which are normally 
_tied together so as to form only two sets resembling a double 
U, and the outgoing feeders are connected through an oil switch 
to either of these buses by means of double disconnecting 
switches. A set of four-tank, three-phase aluminum cell, 
11,000-volt lightning arresters is installed at each end of this 
floor, and connected to the two 11,000-volt buses. 

All low-tension oil switches between the low-tension bus and 
the transformers are 15,000-volt, 500-ampere, remote control, 
motor-operated type, provided with definite time limit relays, 
while the switches in the outgoing feeders are of the same type 
but of only 300-ampere capacity. These switches are all 
operated from the main control board, but are fitted with four- 
pole switches on the motors which may be opened so that they 
cannot be operated from the control board, permitting repairs 
to the switch without fear on the part of the repairman that the 
switch will be closed. 

The low-tension equipment of this station also includes a 
30-kw. bank of 11,000/220-110-volt transformers and a 75-kw. 
bank of 11,000/440-volt transformers for supplying the energy 
used in the lighting, motors, pumps, motor generators, and 
other station service; also two 10-kw. motor-generators and one 
40-ampere-hour storage battery. 

The main control board is of the ordinary bench board type 
with the pull-buttons, mimic buses, lamps, receptacles, etc., 
located on the bench, and all instruments, relays, etc., on the 
vertical boards. All oil switches operated from this board are 
fitted with d-c. trip coils and the power required in their opera- 
tion drawn from the storage battery, so that any interruption 
to the high voltage service will not interfere with the operation 
of these switches. Тһе motor generators are used in charging 
the battery. 
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Provisions have been made in this station for six overhead 
outgoing 11,000-volt lines, and nine underground, all of which 
have not yet been installed. Each of the outgoing overhead 
lines are equipped with electrolytic arresters, which are located 
outside the main building between this building and the dead- 
ending structure for these lines, and the connections made 
to the arresters by an inverted hair pin with a strain insulator 
between the points. 
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The total cost of this station is shown in the following unit 
figures: 


зооту 555225594252 CC T T owe eee 0.357 per kw. 
бирегвігисілге............................ 0.961 
High-tension steel frames................... 0.841 
Total electrical equipment. iii еее. канра 3.783 
Water БОРУ BVELOD eri e cemere or er саай ЗОВ 
ТОРАК 6 79109 $ »2d-&d Fart ERA ER Кок 6.259 


The item total equipment includes both electrical, miscel- 
laneous and substation equipment, for the ultimate capacity 
of the station 60,000 kw. Most of this equipment with the 
exception of one-half the ultimate transformer capacity having 
already been installed. The above figures were secured by 
adding to the present known cost of installed equipment an 
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additional amount to cover what has not been installed and 
therefore represents the cost of the completed substation. 


OTHER SUBSTATIONS 


In addition to the Boulevard station at Atlanta, substations 
has also been installed at Gainesville, Newnan, Marietta, 
Cartersville and Lindale, and high-tension frames at East 
Point, Fairburn and Aragon, Figs. 30 and 31, so that similar 
stations may be installed at these places when the demand for 
power at these places justifies the step. 

These stations are all almost identical in design, and very 
similar in general features to the station at Atlanta, so that a 
brief description of these various stations as a whole is con- 
sidered sufficient for the purpose of this article. 

The high-tension frames cover an area about 70 by 85 ft., 
and the substation buildings are constructed of concrete and 
brick, one storv in height and approximately 40 by 22 ft. by 
25 ft. high, inside dimensions. 

The ground wires from the tower lines are connected with the 
towers in the steel framework, and the 110,000 volt lines con- 
nected to the high-tension buses strung under these steel frames 
through three-pole bolt tvpe disconnecting switches, operated 
from the ground by means of a long shaft. These switches are 
not intended to be opened under load, but simply as section- 
alzing or disconnecting switches, although it was supposed 
when they were installed that there would be no difficulty т 
breaking the charging current of the lines and transformers with 
them. For both electrical and mechanical reasons, however, 
they have never been satisfactory, and arrangements have been 
made whereby all such switches are to be replaced with a more 
modern tvpe of air-break switch. 

The transformers are connected to the high-tension buses 
through hand operated automatic type oil switches, which are 
installed beneath the high-tension structures on concrete 
foundations and protected to some extent from the weather by 
а corrugated sheet steel covering of very simple design. The 
low-tension transformer leads are connected to the delta busses 
strung between the steel towers, and the connections from these 
buses to the oil switches inside the station building made as 
overhead lines, passing through openings in the side walls of the 
buildings provided for this purpose. The low-tension equip- 
ment consists of 15,000 volt hand operated oil switches installed 
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in the transformer secondaries and each of the outgoing feeders, 
а 15 kw. 11,000/220-110 volt transformer bank for station and 
lighting service, and the switchboard containing the instru- 
ments, meters, etc. Each of the high tension lines are equipped 
with aluminum cell lightning arresters, choke coils and horn 
gap switches, just as at the Atlanta station. The transformers 
are connected with the oil filter press and storage tank which 
is buried in the yard outside by a svstem very similar to that 
at the Atlanta station although naturally much less elaborate, 

The present and ultimate capacity of the transformer equip- 
ment at each of these stations is given in the following table: 


Station Present Ultimate 
СаїпезуШе........................... 1,500 kw. 3,000 kw. 
Newnan ............................. 3.000 6,000 
Сагїегз+уШе.......................... 3,000 6,000 
Мапеа............................. 3,000 6,000 
Litidale. v ors iodo a Rabe GS Ы ee 6,000 9,000 


The transformers at all of the stations are self-cooled, single- 
phase, oil-insulated type, and guaranteed to operate under ful] 
load continuously with not more than 40 deg. cent. temperature 
rise or 55 deg. at 25 per cent continuous overload. 

The transformers at the Gainesville station are wound for 
110,000 volts primary and 11,000 volts secondary, and are 
equipped with four 21 per cent taps on both windings. 

The transformers at the other stations are wound for 110,000 
or 55,000 volts on the high-tension side, and 22,000 or 11,000 
volts on the secondary. These various windings are fitted with 
the following taps: 


110,000 volt juste Зе аны и Four 2$ per cent 
55,000 siue РОТОР ЧИ Two 5 per cent 
22:000. оо Right 1} per cent 
LI000 - о оне о dake ween E Four 2} per cent 


The average unit costs of the typical small sub-stations is 
given in the following figures: 


Substructure ое 0.222 per kw. 
Superstructure...... ұры амы 0. Яд 
High-tension steel {татез.................. 1.316 
Equipment.. Е м. m vs. 
$11.608 
GENERAL 


It must be borne in mind that the foregoing costs do not in- 
clude land or property accounts, w ith the exception that a 
typical right-of-way per mile figure is given in the transmission 
line expenses. These figures only include the actual con- 
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struction expenses and the inspection given any particular , 
piece of work. The general engineering expenses are not in- 
cluded, nor are various other general items incident to con- 
struction cost as a whole. 

The following table gives the percentage relation of various 
expenses on the development as a whole, which might be applic- 
able to any other development, and therefore does not include 
the cost of land or property expense: 


General construction expenditure........... 75.575 per cent 
General engineering ехрепве................ 078 
General legal expense. | ....... 1.891 
Interest, bonds and advances. during con- 
SUPHOLIÓOTI аа 11.315 
General overhead ехрепве.................. 1.773 
General contract ехрепве.................. 6.368 
Жора сараман аман ow RAO EE ЕНІ 100 


As in the case with the transmission lines апа substations 
the power plant was operated under the construction depart- 
ment for about one year and the cost of making changes or 
adjustments, but not the actual operation expense, 1$ included 
in these figures. The cost therefore, represents the plant in 
as perfect an operating condition as contemplated by the design. 


Presented at the joint meeting of the Associa- 
tion of Iron and Steel Electrical Engtneers, the 
American Institute of Electrscal Engineers, De- 
troit, Mich., September 9, 1915. 


Copyright 1915. By A. I. E. E. * 
(Subject to final revision for the Transactions.) 


PROGRESS IN THE IRON AND STEEL INDUSTRY AND 
THE ELECTRIC FURNACE 


BY KARL GEORG FRANK 


ABSTRACT OF PAPER 


The paper traces the history and development of the electric 
furnace which has become a very valuable tool in the steel 
industry and gives promise of an increasing range of application. 
It is believed that by means of the electric furnace steel will 
be produced of a quality far superior to any made at present. 


HE BEGINNING of thetwentieth century saw the advent 
of the electric furnace, its introduction into the iron and 
steel industry, and its use on a larger scale. It did not receive 
much of a welcome, and critical eyes followed its course. Steadily 
and relentlessly it worked its way upwards, until today it has 
become a valuable tool in the industry, with an increasing range 
of application and usefulness. Those who look ahead even see 
a vastly larger field, and firmly believe that the electric furnace 
will be generally employed in the production of higher qualities 
in all branches of the steel industry, by it steel will be produced 
possessing qualities unknown today, but far superior to any- 
thing we produce at present. 

The simple fact that the electric furnace has been successfully 
introduced and has proved its usefulness and applicability is 
sufficient proof that its appearance is not accidental, but that 
it arrived with historical necessity at a time when it was tound 
that the then existing means for the production of iron and 
steel were insufficient to meet the new conditions. 

I purposely use the term historical necessity, indicating thereby 
that we must look upon such a thing as the introduction of a 
new technical means, not only from an engineering or industrial 
point of view, but that we must consider it as a part of the total 
material and intellectual development of the country. Every- 
body knows how closely related the technical and commercial 


Manuscript of this paper was received September 3, 1915. 
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conditions are in any industry, but it may not occur to him that 
a step in advance in the steel industry may be due to certain 
changes in social or even political conditions, and that vice 
versa, an improvement in the steel industry may react оп such 
conditions and possibly influence the total national structure. 

An industry and its technical means are not a world by 
themselves, or only to a small extent, but a part of a larger body 
whose purpose it must serve.— That is no news to an electrical 
engineer!— The engineer who lays out the plans of a power 
station or an clectrical railway, or the telephone engineer who 
looks into the plan for the enlargement of a telephone exchange, 
must very carefully invesitgate general conditions in that country 
or in the community. He must take into account the human 
element, the wavs and tendencies in private as well as in business 
life, as all these factors will influence such an undertaking. 

I touch upon these points here because I want to show that 
the present conditions and requirements, as well as the develop- 
ment 1n the iron and stecl industry proper, brought about the 
advent of the electric furnace, and the latter 1s not the result 
of fad or fashion, but the legitimate child of progress and 
development. 

If we now abandon our little excursion into the world of 
general ideas and turn again to that part of the world that in- 
terests us here today, we have only to look back into the history 
of the iron and steel industry of the United States in order to 
realize that those general statements can easily be verified by 
glancing over the development during the last 30 or 40 years. 

The iron and steel industry of the United States was of little 
importance before the Civil War, especially as compared with 
England's highly developed works, and only as late as 1868 
to 1870 it begain to extend and develop on a larger scale. The 
rail,—the chief requirement of the railroad—was the first great 
influencing factor during a period of about 25 years, beginning 
approximately 1868 and ending about 1893. That is best shown 
by the fact that the mileage of the railroads from 1880 to 1890 
incrcased from 93,262 to 166,703 miles. While for instance from 
1890 to 1900 onlv an adcition of 27,630 miles is reported. 

Not only the extent of the production of the industry was 
largely determined by the reeds of the railroads, but also the 
quality of the products, a.d the gradual replacement of iron 
rails by steel rails was largely responsible for the quantity of steel 


made in those days. 
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In 1880 out of 115,647 miles of rails only 29 per cent were 
steel rails. In 1890 there were already 167,458 miles of steel 
rails out of a total of 208,152, that is to say, 80.4 per cent, 
and in 1903, 94.6 per cent out of a total of 286,262 miles were 
steel rails. 

The table below shows very clearly the tendency to replace 
iron by steel. This was due, as will be scen later, not only to 
the influence of the railroads, but was a general feature of the 
industry, forced upon it by the demands of the consumers. 


Year | Pig Iron Steel Per cent 
| 

1890 9,202,703 tons 4,277,071 tons 46% 

1895 9,446,308 ғ 6,114,834 = 65% 

1900 13,789,242 * 10,188,329 “% 74% 

1905 22,992,380 “ 20,023,947 “ 87% 

1910 | 27,303,567 “ 26,004,919 * 95% 

1911 23,649,547 “ 23,676,106 “ 100% 

1912 29,726,937 “ 31,251,303 “ 105% | 
1913 30,966,152 iz 31,300,874 3 101% 

1914 23,332,244 > 23,513,030 “ 101% 


After this period, the demand for structural steel for building 
(sky scrapers), bridges, etc., had a decided influence on the 
production. Still later on, towards the end of the last century, 
steel for freight cars, agriculatural machinery, wire rope and 
general machinery, as well as the demands of the shipbuilders, 
were important factors. 

In connection herewith, it may be of interest that the first 
50-ton steel freight car was introduced in 1897 by the Pressed 
Steel Car Company, and that from 1900 to 1902 the number 
of freight cars increased by 150,000. 

Quite a number of events extending almost over the entire 
period reviewed here, and even up to the recent past may only 
slightly be touched upon here, although their influence upon the 
development of the iron and steel industry is very pronounced. 
I have in mind here the discovery of new mines in the middle 
west, the consequent shifting of the principal seat of production 
of pig iron and rolling mill production, to new centers such as 
Pittsburgh and Chicago, and the establishment and growth of 
the manufacture of machinery, tools, implements of all kinds in 
the east, especially in New England, which, with its varied de- 
mands presented new problems to the steel maker. 

During all these years, up to 1890, and even up to 1900, the 
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means at the disposal of the steel industry were fully sufficient 
to produce all the material necessary. Тһе blast furnace, the 
converter, the open hearth furnace, and especially the crucible, 
enabled the steel makers to meet the demand for practically all 
kinds of steel used. From that time on, however, a new develop- 
ment in the industry set in, which 1s characterized by the fact 
that it 1s intensive rather than extensive, in contra-distinction to 
the period before. New industries sprang up which created a 
demand for steel of very high quality for special high-priced 
manufactures. Competition grew up, and it became evident 
that further improvement in the manufacture and production 
of iron and steel was needed. 

If we add to this fact that no new iron mines of any importance 
were discovered in this country, that high grade ore has to be 
imported from Cuba, Chile, etc., and that ore of lesser quality 
has to be used, we will easily understand that a new furnace 
which promised to overcome these difficulties was gladly ac- 
cepted. Not only ore, but other raw material, cold scrap, etc. 
underwent a change for the worse, so that steel makers had to use 
poorer material, or pay much higher prices than previously for 
raw material. 

Additions to the mileage of the railroads were, of course, much 
less than in former periods, but the heavy traffic in the great 
cities, thevastly improved freight movement,created a demand for 
heavier and better rails. On the other hand, endeavors are 
being made to design lighter cars for passenger as well as for 
freight service, without, of course, decreasing the mechanical 
strength, so that steel of better quality and better mechanical 
properties is to be used. The total weight of drivers increased 
from about 69,000 Ib. in 1885 to over 180,000 lb. іп 1907, and 
reached that year a maximum of 316,000 Ib. The average axle 
load increased in the same time from 22,000 Ib. to 48,000 1b., 
and the weight of rail per yard from 65—75 1b., to 85—100 lb. 
When the American Society of Civil Engineers adopted its 
standard section in 1893, 80-1Ъ. rails were just coming into use. 

The electrical industry that grew up to unexpected and un- 
precedented greatness, called upon the steel industry for better 
or more suitable raw material; transformer and dynamo sheets 
of low carbon content but high in silicon for reducing hysteresis 
losses were called for. The casings of railroad and mill motors 
demand a low carbon steel of good magnetic properties; through 
the increasing speed of turbo-dynamos new requirements were 


1915] FRANK: THE ELECTRIC FURNACE 2551 


set up for a steel of good magnetic properties and at the same time 
of very high mechanical strength. 

The small electric motor has recently received new attention, 
and its further improvement and development is probably largely 
dependent upon the material for its active parts. Steam tur- 
bines, high-velocity rotary pumps, and similar machinery add 
further to the demand for high grade steel. 

Of special importance and great influence was the automobile 
industry, with its manifold requirements, from the highest grade 
of alloy steel for axles, gears, cam-shafts, magnetos, down to 
ordinary steel castings. 

The hardware industry with its varied products of fittings, 
fixtures and household goods of all description, must also be men- 
tioned here. So we find a great number of industries, each one 
offering its particular problem and its special requirement as to 
proper material, and all of them ready, even waiting, for improve- 
ment in the raw material, and their progress largely dependent 
upon same. 

Steel pipes for high-pressure water system for municipalities. 
tubes of all description, valves and fittings for city water supply, 
further nuts, bolts and rivets of high mechanical strength, and a 
great many other implements, should further be mentioned here. 

But this is not all; the methods of manufacture have changed 
and improved in order to meet the new conditions. Lathe-work 
—planing and milling has been largely replaced by grinding, thus 
enabling the use of hardened gears, shafts and valves. It is 
well known, however, that even this method does not overcome 
the difficulties: internal strains are set up which frequently 
change the shape of such hardened parts after the grinding,— 
which even a finishing grinding cannot fully remove. 

That reminds us and shows that the behavior of steel under 
such conditions is still little understood, and that a good deal 
remains to be done. The problem involved herein can only be 
solved by careful and thorough scientific investigation, an investi- 
gation that is to be carried out largely by the chemist and metal- 
lurgist. It is evident to everybody familiar with the conditions 
of the steel industry, that the electric furnace will prove to be a 
very valuable tool for solving all these and many more problems. 
Its flexibiljty and adaptability will increase with increasing scien- 
tific knowledge. 

In drawing this conclusion I do not limit it to such cases 
where the production of electric steel will prove to be more 
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economical, as for instance crucible steel, but I include also those 
branches of the industry in which economical superiority of the 
electric furnace is still very doubtful. 

The question involved is by no means one of price only. At 
any rate not of price of the steel as raw material. In quite a 
number of instances the finished product, machined castings, 
lathe work, etc., or other parts, for which the cost of labor is to 
be taken into consideration, it can be shown that the use of the 
higher grade of steel as raw material cheapens the product in- 
stead of increasing its price. This is so in all cases where loss 
from faulty material is greatly reduced by the use of higher- 
grade raw material, and ineach particular case it will be very easy 
to find the limit and conditions under which high-grade expensive 
raw material will permit the most economical production. 

Aside from that, there is no need for striving to compete on 
the basis of price and cheapness, which I consider is funda- 
mentally wrong. What we must do and strive for, is to pro- 
duce a higher quality of steel which commands a higher 
price, and which, in spite of such higher price, is more economical 
in the end than other steel. It is mainly for this reason, I am 
convinced, that the electric furnace has come to stay, and be- 
cause it is the best, and in not a few cases the only means for 
producing steel of the highest quality. That does not mean, 
of course, that in years to come all low grade steel will disappear, 
but it means that in the different branches of the steel 
industry, steel will be made which will exhibit some superi- 
ority as compared with that formerly used in that par- 
ticular branch. Furthermore, the above statement does 
not mean that the electric furnace will replace all other 
furnaces hitherto used, but it means that it will become the 
adjunct to all other furnaces for refining and improving their 
product. It follows therefore that the electric furnace is essen- 
tially a refining furnace, which was never intended to compete 
with the blast furnace, or the open hearth furnace or the cupola, 
in order to produce only what these furnaces produced in quality. 
It is true that 11 some instances the electric furnaces are sucess- 
fully employed for melting or smelting only, but these cases 
are not representative. When in such cases the electric furnace 
is used for melting and refining, and competes successfully with 
the combustion type furnace, it is because the advantage de- 
rived from the refining exceeds the loss which results from using 
the electric energy for melting only. The economical problems 
involved in such cases must, of course, be considered individually. 
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I have no doubt that in many cases a duplex process will prove 
to offer special advantages, so that the melting proper may be 
carried on in a cupola or open hearth furnace, or liquid Bessemer 
steel may be used, while the action of the electric furnace is con- 
fined to the refining only. 

Naturally, the question arises as to the specific technical or 
physical element by virtue of which the electric furnace can 
accomplish all these results claimed. The answer to that ques- 
tion is simply this, 1st.—the electric furnace produces a tempera- 
ture higher than any other furnace, and produces such higher 
temperature more economically than other furnaces. 

2nd. It produces these higher temperatures without con- 
tamination of the charge through gases and other impurities, 
etc., and in the case of the induction furnace, without contamina- 
tion through carbon. 

3rd. The electric furnace, and again especially the induction 
furnace, offers the possibility of controlling the temperature 
within limits which are entirely beyond the reach of the old 
furnaces. 

There may arise some doubt whether the temperature is 
really such an important factor as stated above, but to substan- 
tiate that contention it will suffice to call attention to the be- 
havior of silicon and carbon in the Bessemer converter, of 
phosphorus, sulphur, manganese, etc.,in the open hearth fur- 
nace, facts which are all well known, and represent conspicuous 
cases. There are really only three fundamental factors which 
determine all steel producing processes; the chemical composition 
of the material, temperature and time. The more perfectly 
we can control these elements during the process, the more 
perfect results will we obtain. Thus we see at once the immense 
possibilities of the electric furnace, and it only remains for the 
steel maker to thoroughly and carefully investigate the phe- 
nomena іп question. Не must, of course, not stop with the in- 
vestigation at the ladle, but must extend it to foundry rolling 
mill, forge, hardening furnace and even the machinery shop, 
in orer to be fully informed about the behavior of the steel dur- 
ing the process of conversion from the raw material into the 
finished product. 

Also in these branches of the steel industry, electricity has 
already rendered great service, and helped to solve the problems 
involved. It will do more in the future, and I can well imagine 
that the temperature of the steel in the molds, or passing through 
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the rolling mills will be controlled by electricity in order to 
influence the cooling off process, which, as we know, is quite 
important for the character of the finished product. 

We have therefore good grounds to trust that the close co- 
operation of the electrical engineer and the steel maker will 
result in the improvement and progress in the steel industry, 
and the electrical engineer will always welcome the oppor- 
tunity to assist in solving the problems of our iron and steel 
industries. 


То be presented at the 315th Meeting of the 
American Institute of Electrical Engineers, 
New York, November 12, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


EXPERIMENTAL DATA CONCERNING THE SAFE 
OPERATING TEMPERATURE FOR MICA 
ARMATURE-COIL INSULATION 


BY F. D. NEWBURY 


ABSTRACT OF PAPER 


The paper gives the results of three series of tests, made 
on the first 3750 kv-a. generator installed at Niagara Falls, 
to determine internal copper temperatures. The object of 
the tests was to obtain data to assist in the determination of 
the safe maximum temperature of built-up mica-and-cambric 
(ог mica-and-paper) insulation. The present Institute Stand- 
ardization Rules recommend the conservative limit of 125 deg. 
because of the lack of convincing data, justifying the general 
adoption of a higher limit. 

In the third series of tests, temperatures of the copper con- 
ductors were obtained at the usual operating loads by instal- 
ling special conductor bars having thermo-couples in actual 
contact with the copper at its hottest part. 

The operating history of the generator is given, showing 
that it has been in operation for twenty years with no interrup- 
tion to operation due to any effect of temperature on the in- 
sulation of the winding. 

The summary of service and temperature results given in 
Tables VIII and IX shows that the generator has operated for 
a time equivalent to nearly seven years without shut-down at 
temperatures ranging from 120 deg. to 285 deg., for а time 
equivalent to nearly three years operation without shut-down 
at temperatures ranging from 145 deg. to 285 deg., and for a 
time equivalent to fifteen months operation without shut- 
down at temperatures from 175 deg. to 285 deg. 

An examination made in 1914 showed the insulation to be 
in good condition— with the mica unchanged and with the 
conductors tight in the slots. 

In conclusion, it is suggested that when suitable mica insula- 
tion is used the effect of temperature on insulation becomes of 
little importance; that the limit to temperature is determined 
by other factors. The tests show that€9150 deg. is a conserva- 
tive limit giving a liberal factor of safety. 


URING the past two years a number of unusual tempera- 
ture tests have been made on one of the original Niagara 
generators through the courtesy of the Niagara Falls Power 
Company. These tests give valuable data on the question of 
the maximum safe temperature for mica insulation as applied 
to the armature coils of large generators, and for this reason 


Manuscript of this paper was received June 21, 19165. 
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it is believed they are of considerable interest and importance. 
It is the author’s purpose to describe these tests and their re- 
sults, to present the operating history of the generator used 
in the tests, and to show the relation between the operating 
loads and temperatures, and the length of time the generator 
has been in service. 

The early Niagara generators have been in operation for 
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a longer time than any other generators of corresponding 
capacity, and at an unusually high load factor. Ш has also 
been recognized for some years that the internal armature 
temperatures have been high, due to the general type of con- 
struction used. "These generators, therefore, offered a promis- 
ing opportunity for obtaining data on the behavior of the in- 
sulation under the action of high temperatures existing for 
long periods of time. | 
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The initial tests to be described were made by the operating 
staff of the power company and the later tests were made by 
engineers of the manufacturing company, with the effective 
cooperation of Mr. L. E. Imlay, superintendent of the power 
company. The author takes pleasure in calling attention at 
this time to the broad-minded engineering policy of the power 
company and to the effective cooperation of its operating staff, 
without which the collection and publication of this informa- 
tion would have been impossible. 

The tests were made on the first generatoY installed in No. 1 
power house of the power company. This generator was selected 
because it had been longest in service, and the major part of 
the original winding with its insulation was 
still intact. The tests were made to determine 
the actual internal temperatures of the genera- 
tor winding at loads representing the usual 
operating loads of the unit. 

No extended description of the generator is 
necessary as the early Niagara generators are 
probably better known than any other gencra- 

"tors in operation. These generators, together 
Fic. 2-- А-В . ; 
Іосатіоч or With the Niagara system as а whole, have 
THERMOCOUPLES been exhaustively described in a paper before 
ERA or Pests the Institute by L. B. Stillwell.! А cross 
Oct.1914.A-C-D section drawing of the generator is shown in 
2... Бір. 1 which illustrates the internal stationary 
IN THIRD SERIES armature, peculiar to the early Niagara genera- 
OF Tests Fep. 
1915. tors, and the general arrangement of the arma- 
ture winding. The armature inductors consist of 
solid bars 1 11/32in. by 7/16 т. in section, with half round edges. 
A complete coil is made up of two of these straight bars, jointed 
by separate involute-shaped end-connectors bolted and soldered 
to the bars. The winding is a double layer winding so that 
there are two bars in each slot, as shown in Fig. 2. The straight 
copper bars are insulated by a wrapper built up of mica split- 
tings on a cambric base. The mica in each wrapper is approxi- 
mately three times as thick as the cambric so that about 75 
Per cent of the complete wrapper is mica. This sheet of mica 
and cambric is wrapped around the bar by hand and held in 
Position by an outside layer of linen tape. 


NE The Electric Transmission of Power from Niagara Falls," by 
Lewis В. Stillwell, A. I. E. E. TRANSACTIONS, Vol. XVIII, page 445. 
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This insulation falls within the Institute definition of Class 
B insulation, inasmuch as the total dielectric strength 1s supplied 
by the high-temperature material—mica—and the low-tem- 
perature material—cambric—is used as a structural material 
only. 

TEMPERATURE TEST RESULTS 

During the summer of 1913 small resistance thermometer 
coils made for the purpose of measuring generator internal 
temperatures were installed in the generator. The ther- 
mometer coils were placed between the two bars in a slot but the 
leads were relatively short, so that the thermometer coils could 
be located only five inches from the end of the core while the 
total length of the core is 36 in. Ordinarily, in this type of 
generator the highest temperatures are found between bars 
and near the center of the core. A tvpical temperature run 
made after the installation of these coils is shown in Table I. 


TABLE L—TEMPERATURE TEST—ALTERNATOR NO. 1—AUGUST 14, 1913 


Time Volts Amp. per ph. К v-a. P. F. Kw. 
7:30 A.M 2300 900 4250 82 3500 
8:00 2360 860 4060 89 3620 
8:30 2360 860 4060 79 3220 
9:00 2360 830 3920 79 3100 
9:30 2400 840 4030 74 2990 

10:00 2100 840 3530 90 3170 
10:30 2360 860 4060 83 3370 
11:30 2360 860 4060 83 3370 
11:30 2400 880 4220 82 3460 
Averages...... 2340 859 4020 82 3300 


Final temperature, 130. deg. cent. 
Air temperature..... 29.5 deg. cent. 
Temperature rise... .100.5 deg. cent. 


The generator had been operating since the previous mid- 
night at substantially the same load so that there is no question 
but that constant temperature had been reached. 

While the resistance thermometer tests realized the expec- 
tation of high temperatures, it was felt that still higher tem- 
peratures existed in the center of the core and higher tempera- 
tures certainly existed with the higher loads that the generator 
frequently carried. The scale of the indicating instrument 
used with the resistance coils was limited to 130 deg. so that 


—---——_ —=—— 
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temperatures at higher loads than those recorded in Table I 
could not be measured. 

Accordingly, a second series of tests was arranged, in which 
the temperature measuring device could be located in the hottest 
accessible part of the winding and temperatures up to 200 deg. 
could be measured. For these tests thermo-couples (of copper- 
constantin metals) were installed in three pairs of slots equally 
spaced around the armature. In one slot of each pair couples 
were located in the middle of the core and five inches from the 
top surface; in the other slot of each pair couples were located 
in the middle of the core and five inches from the bottom sur- 
face. In each of these four locations, couples were placed be- 
tween bars (registering the average copper temperature) and 
between the bottom bar and the bottom of the slot (registering 
the core temperature at these points). There were, in all, 24 
couples. These locations, for one pair of slots, are shown dia- 


Bottom of Gen. | 2 Тор of Gen. 


C. L. of Core 


Fic. 3—3 SLors SPACED 120 ПЕС. HAD THERMOCOUPLES IN LOCATIONS 
2 AND 3. 3 SLOTS ADJACENT TO THE ABOVE HAD THERMOCOUPLES IN 
LocaTIons 1 AND 2. 


grammaticaly in Fig. 3. All couples were in phase A slots. 
The couples were encased in micarta-paper cells shaped to fit 
the curvature of the slot and bottom bar. 

This method of measuring temperature has been described 
in various papers?! and has been in satisfactory use for com- 
merical and experimental testing for several years. 

Two temperature runs were made after the thermo-couples 
had been installed. In the first run made October 2nd, 1914, 
the generator was operated at normal voltage and open circuit 
for 14 hours and then for four hours at approximately 800 am- 
Peres and normal voltage, (approximately duplicating the first 
test made with resistance thermometer coils) and then for one 


2.“ Measurement of Temperature in Rotating Electric Machines,', 


by L. W. Chubb, E. I. Chute and О. W. A. Oetting, Trans. А. I. E. E, 
Feb. 1913. 


1. “ Experimental Temperature Measurement of Electrical Ma- 
"nes," by О. М. A. Oetting, Electric Journal, Feb. 1914. 
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hour at approximately 1000 amperes per phase. This in- 
creased current was obtained by a reduction in power factor 
as the water-wheel was somewhat clogged with pulp wood and 
could not, at that time, develop power for a load of more than 
800 ampcres at the load power factor. A graphical log of the 
observed temperatures (including air temperature) for the 
group of eight couples showing the highest temperature is 
shown in Fig. 4 and the maximum temperatures of all twenty- 
four couples are shown in Tables II and III. The graphical 
log starts with the rated current run and does not show the run 
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on open circuit. The initial temperatures shown on the log, 
therefore, represent the temperatures at the end of the open 
circuit run. 

The second run was made on the following day—October 3, 
1914—after the turbine had been cleaned, and a load of 1000 
amperes per phase at the load power factor could be carried. 
The results during the entire run from one group of couples 
are shown graphically in Fig. 5 and the maximum temperatures 
of all the couples are shown in Table IV. 

It will be noted from Fig. 5 that at the maximum operating 
load averaging 990 amperes in the A phase, a total temperature 
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of 166.5 deg. was measured on the external surfaces of the in- 
sulation between the two bars in the slot. With the air tem- 
perature existing during the test, this is equivalent to a tem- 
perature rise of 133 deg. Аз will be pointed out later, this is 
by no means the highest temperature to which the insulation 
has been subjected for long periods of time. 

It was felt that this second series of tests gave the highest 


TABLE II.—FINAL TEMPERATURES—TEST OF OCTOBER 2, 1914. 
AT END OF 800 AMPERE TEST. 


Armature Top of core Center of core Bottom of core 
slot == — 
№. ` Bet. Bet. core Bet. Bet core Bet. Bet. core 

bars and bar bars and bars bars and bar 
135 Mas 252 126 100 110 86 
136 117 77 125 82 


Final air temperature = 28 deg. cent. 


TABLE III.. FINAL TEMPERATURES—TEST OF OCTOBER 2, 1914. 
AT END OF 1000 AMPERE TEST. 


Top of core Center of core Bottom of core. 
Armature Bet. Bet. core Bet. Bet. core Bet. Bet. core 
slot No. bars and bar bars and bar bars and bar 
IL. C^ 45554 sed 161.6 112.2 138.2 104.1 
12 152.2 100.3 160.2 113.2 
73 s iss 161.6 115.0 141.7 109.0 
74 155.0 95.5 161.6 114.0 "n ai 
135 HE s 158.2 119.7 139.5 101.4 
136 150.2 91.7 161.6 98.0 PU 


Final air temperature = 27 deg. cent. 


existing temperatures at any point оп the outside surface of the 
insulation. In comparing the observed temperatures at differ- 
ent parts of the slot with the estimated losses existing in the 
copper and core teeth, it was found that the big difference in 
temperature found at the bottom of the slot and between the 
two bars, amounting to nearly 50 deg., (See Table III) could 
only be explained on the assumption that the bar nearest the 
air gap was at a much higher temperature than the other bar. 


." 
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This assumption is also in accardance with the known fact that 
the eddy current losses in the bars are large and exist mainly 
in the bar nearest the air gap. A. B. Field, in his paper on 
eddy current losses‘ has calculated these losses in this Niagara 
generator to be as large as 6.6 and 1.7 times the loss due to the 
load current in the top and bottom conductors, respectively. 
While the temperatures obtained in the second series of tests 
do not indicate quite as large an eddy current loss as these 
calculated values, the actual values are undoubtedly large enough 
to result in a marked difference in temperature between the top 
and bottom bars. If the two bars are at different temperatures, 
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then there will be а flow of heat between the two bars and а 
corresponding drop in temperature along the path between the 
two heat producing bodies. Under these conditions, the tem- 
perature measured at the outside surface of the insulation be- 
tween the two bars in the same slot no longer represents the true 
copper temperature, as is the case when the two heat producing 
bodies are at the same temperature and when there is, con- 
sequently, no heat flow and no temperature drop along the 
path between them. 

These considerations pointed to the desirability of making a 

4. А. Г. Е. Е. TRANSACTIONS, Vol. XXIV, р. 761. 
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third series of tests in which actual copper temperatures could 
be measured. Accordingly, special bars were made with the 
same kind and thickness of insulation as used originally and in 
which thermo-couples with the copper element in actual con- 
tact with the copper bar were included. Four bars, for two 
slots, were provided. Each bar had one thermo-couple located 
on the side of the bar and in the center of its length. Two 
thermo-couples were provided for insertion between the two 
bars in the same slot in the center of the core to correspond with 
similarly located couples in the second series of tests. Four of 
the old bars were removed from two slots and the new special 
bars inserted in the winding. The thermo-couples leads were 
very carefully insulated where they left the coil and the generator 
and were carried to an insulated observers’ platform and table, 


TABLE IV.—FINAL TEMPERATURES—TEST OF OCTOBER 3, 1914. 


Top of core Center of core Bottom of core. 
Armature Bet. Bet. core Bet. Bet. core Bet. Bet. core 
slot No. bars and bar bars and bar bars and bar 


Final air temperature = 33 deg. cent. 


so that observations could be made while voltage was on the 
generator. When these tests were completed the special bars 
were removed from the winding as it was not considered de- 
sirable to incur any risk of break-down due to the weakness 
of the coil insulation where the thermo-couple leads pierced it. 

Two temperature tests were made; the first, at a load of 680 
amperes, was made February 12, 1915, and the second, at 870 
amperes, which after constant temperatures were reached, was 
increased to 980 amperes, was made February 13, 1915. A 
graphical log of the first test 1s shown in Fig. 6, and the maxi- 
mum temperatures of all couples are shown in Table V. A 
graphical log of the latter part of the second test is shown in 
Fig. 7, and the maximum temperatures for both 870 amperes 
and 980 amperes are shown in Table VI. 
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The results of this third series of tests confirmed the assump- 
tion that the upper and lower bars operate at considerably differ- 
ent temperatures and that, consequently, the temperature in- 
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dicated by a thermo-couple placed between them is not even 
approximately the true copper temperature. From Fig. 7 
and Table VI it will be noted that the maximum temperature 
of the upper bar at 980 amperes is 224 deg., the maximum 


TABLE V.—FINAL TEMPERATURES—TEST OF FEBRUARY 12, 1915. 
CURRENT IN A PHASE—680 AMPERES. 


Armature slot No. Bottom bar. Between bars. Top bar. 
157 111 120 138 
173 115 124 142 


Final air temperature = 31 deg. cent. 


temperature of the lower bar is 168 deg. and the maximum tem- 
perature between bars is 185 deg. The fact that the tempera- 
ture indicated by the thermo-couple located between bars is 
much nearer the temperature of the lower bar than of the upper 
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bar may be explained by the fact that the thermo-couple fitted 
the curvature of the lower bar and so was in much better con- 


tact with it than with the upper bar. 
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The temperature rises from the three series of tests are col- 
lected together in Table VII. In Fig. 8, these rises are shown 
graphically; these curves show very clearlv the very large tem- 


TABLE VI.—FINAL TEMPERATURES—TEST OF FEBRUARY 13, 1915. 


870 Amp. load 980 Amp. load 


Annature | -----:-:-:----- See 
slot Bottom Bet. Top Bottom Bet. Top 
No. Bar bars flar bar dars bar 
157 147 161 190 164 179 214 
173 152 166, 199 168 185 224 
Final air temperature = 3C deg. cent. 


perature drops that occur through the insulation in this genera- 
tor, the large difference between the temperatures of the top 
and bottom bars, and that, while the temperature measured 
between bars is between the temperatures of the two bars, it 
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1$ much nearer that of the lower bar for the reason already 
suggested. 

In Fig. 9 the maximum temperature rise occurring in the 
generator—that is, the temperature rise of the center of the top 
bar—is shown together with the total temperature of this same 
part on the basis of 35 deg. air temperature. This particular 
air temperature has been chosen as the probable yearly average 
air temperature existing near this generator when the generator 
is carrying loads above its average load. The station records 
show that the maximum air temperature exceeds 40 deg. in 
the summer, and is rarely below 30 deg. in winter. From this 
curve the operating temperature at any load can be determined. 

In order to better interpret these results, it is desirable to 


TABLE VII.—SUMMARY ОЕ MAXIMUM TEMPERATURE RISES. 


Temperature rises. 


Bet. bot. 
Date of Amp. bars and | Bot. bar | Bet bars | Bet. bars| Top bar 
_ test Volts Ph. А. [slot cent. | actual |51in.from| center actucl 
of core copper end of core copper 
8/14/13 2340 859 ды 100.5 . 
10/2/14 2300 790 72 T 89 98 
10/3/14 2300 990 89 "T 125 133 a 
2/12/15 2300 680 s 84 US 93 111 
2/13/15 2300 870 А 120 з 134 167 


2/13/15 2300 980 Pas 138 206 155 194 


know the distribution of losses in the copper and core in this 
particular generator. The core was designed with relatively 
low magnetic densities and the current density and radiating 
surface of the armature conductors are also conservative at 
rated current, if the work current only is considered. The 
magnetic density in the core teeth, at no load, is only 11,000 
c.g.s. lines per square cm., while densities 50 per cent greater 
are not uncommon in modern generators of similar rating. 
The current density at rated current is only 1400 amperes per 
square inch (215 amp. per sq. cm.) while densities 30 per cent 
greater are common. But, as has been pointed out, the greater 
part of the copper loss is that due to eddy currents, so that the 
actual current density in the copper, and particularly in the 
top bars, is very high. 
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It is now possible to explain several unusual results of these 
tests. The low temperatures obtained when operating the 
generator on open circuit are, of course, due to the low core 
densities. The very rapid rate of heating and cooling of the 
winding shown by all of the graphical logs is due to the concen- 
tration of large losses in a small volume of material and to the 
relatively low core temperature. In a modern generator with 
a better distribution of losses, the difference in temperature 
measured between coils, and that measured between coil and 
core will be, as a rule, 10 to 15 deg. instead of 50 deg., as in 


38 


5 


5 


TEMPERATURE RISE DEGREES CENTIGRADE 
N 
ò 
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Fic. 8 


Fig. 5, and, consequently, in more modern units the heating 
and cooling curves of the winding and core will very nearly 
coincide. The large difference between the temperature теаз- 
ured between bars and that measured between the bottom 
bar and the bottom of the slot is due to the extreme difference 
in loss in the two bars in the same slot arising from the large 
eddy current loss. This 1s also the reason for the large differ- 
ences between the temperatures of the two bars in the same 
slot and the temperature measured between them. 

The large difference between the actual copper temperature 
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and the measured temperature between bars, amounting to 
36 deg. at 900 amperes load (Fig. 8), does not discredit the 5 
deg. difference established by the present Standardization Rules. 
The large difference in the present case is due to conditions that 
do not exist in well-designed modern generators. That such 
discrepancies can occur does point to the necessity of applying 
the rules with judgment, particularly when abnormal or unusual 
design proportions are involved. 


5 


DEGREES CENTIGRADE 


0 100 200 300 400 500 600 700 A) 900 1000 
AMPERES PER PHASE 


Fic. 9 


OPERATING HISTORY 


This generator was placed in commercial service August 26, 
1895, and has therefore been in service for twenty years. For 
over thirteen years it operated without a single interruption 
that was, in any way, duc to the armature winding. Inthe past 
seven years there have been two such interruptions, but in 
neither instance was the break-down due to the effects of the 
operating temperature upon the insulation. These two break- 
downs required the replacoment of less than four per cent of 
the armature bars. 

In order to obtain definite information as to the average 
load carried by the generator, and as to the number of hours 
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service at the average load and at various loads in excess of the 
average load, the station records of this generator were reviewed 
in detail. The records of nine typical years, out of twenty years 
service, were used to determine the yearly average operating 
data. Based on this investigation the following facts may be 
stated: 

1. The generator has operated for approximately 110,000 
hours up to August, 1915. This is equivalent to 5800 hours 
operated during every vear, or to 16 hours operation during 
every day. It is interesting to note that the actual service 
given by this generator is equivalent to over 12 years continuous 
operation, or to over 30 years operation for ten hours daily. 

2. The generator has delivered 280,000,000 kw-hr. of energy 
during the above operating time. This is equivalent to an 
average load of 2550 kw., or of 600 amperes per phase. 


TABLE VIII. 


Length of service Load amperes 
in hours per phase 
40,000 600 to 700 
13,800 700 to 800 
8,200 800 to 900 

2.600 900 to 1000 

100 - 1000 to 1100 


3. The generator has operated for approximately 65,000 
hours (approximately 60 per cent of the time) at loads in excess 
of its average load of 600 amperes per phase. This time has 
been divided among different loads as shown in Table VIII 


RELATION BETWEEN LENGTH OF SERVICE AND TEMPERATURE 


It is now possible to determine the length of time this gen- 
erator has been operating at various temperatures—obviously 
the most important data to be derived from these tests. It 
is merely necessary to substitute in Table VIII the temperatures 


5. The times of operation at currents of 800 to 1100 amperes are 
based on the actual times of operation at these loads during the nine 
typical years selected for examination. The times of operation at 
currents of 600 to 800 amperes are less accurately based on an examina- 
tion of the log sheets of typical days, but are consistent with the accurately 
known average load of 600 amperes and the total time of operation. 
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corresponding to the currents as shown in the curve Fig. 9. 
This has been done in Table IX. 


TABLE IX. 
Length of service Range in operating 
in hours temperature 


(Based on 35 deg. air) 


40,000 120 deg. to 145 deg. 
13,800 145 deg. to 175 deg. 
8,200 175 deg. to 210 deg. 
2,600 210 deg. to 24 deg. 
100 245 deg. to 285 deg. 


The operating record shown by Table IX means that this 
generator has been operating for over 60,000 hours at tem- 
peratures varying from 120 deg. to 285 deg. and for 24,700 
hours at temperatures varying from 145 deg. to 285 deg. In 
other words, the generator has been operating the equivalent, 
in time, of nearly seven years, without shut-down at tem- 
peratures above 120 deg.; it has also operated for a time equiva- 
lent to nearly three years without shut-down at temperatures 
above 145 deg.; it has operated for 10,900 hours, equivalent 
to fifteen months continuous operation at temperatures above 
175 deg. 

CONDITION OF THE INSULATION 


During the summer of 1914, a number of bars, removed from 
the winding, while still in good operating condition as far as 
the insulation was concerned, were stripped and the insulation 
was carefully examined. ‘The mica was found to be in as good 
condition as when new—there was no observable change in 
structure, in mechanical strength or in elasticity. The cambric, 
as would be expected, had lost its mechanical strength in all 
places, was entirely gone in some, and in many other places 
only a fine powder remained. Before removing the insulation 
from some of the bars, an insulation puncture test was made, 
and 22,000 volts was reached before the poorest sample broke 
down. The operating voltage is 2300. 

In spite of the fact that the cambric was practically destroyed 
and that it made up 25 per cent of the material of the insulation, 
the old insulated bars were tight in the armature slots. This 
point deserves emphasis because the only reason for question- 
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ing the ability of this class of insulation to safely withstand very 
high temperatures, say 200 deg. to 300 deg., is the problematical 
effect of the loss of the binding structural material on the me- 
chanical support of the insulated coil in the slot. In this 
case—and this result has been confirmed in other tests—the 
destruction of the binding material did not appreciably reduce 
the structural strength or rigidity of the winding.® 

This circumstance—that an appreciable part of the insula- 

tion can be destroyed without sensibly changing the total 
thickness of the remaining insulation, paradoxical as it may 
seem—is, in fact, readily explained by the elasticity of the re- 
maining mica. Тһе mica wrapper is, in effect, a spiral spring 
so that the thickness of the insulation depends chiefly in the 
resiliency of the mica instead of on the compactness of the 
insulation as a whole. The copper is, consequently, held 
firmly in position in the slot even though the cambric or paper 
be completely pulverized. 
ТІН this explanation is accepted, it. must follow that the 
temperature limit of mica-and-paper-wrapped insulation is 
determined almost entirely by the properties of the mica. 
From this standpoint a high temperature limit for this kind of 
insulation 1s entirely reasonable, since mica does not begin to 
break up under the action of heat until temperatures of 700 
or 800 deg. are reached. 

Mica insulation in use at the present time differs very little 
from the mica insulation applied to the first Niagara generators 20 
yearsago. Paper 1$ used tocarry the mica splittings instead of 
cambric and machine wrapping 1$ largely emploved instead of 
hand wrapping. Machine wrapping not only brings to the 
task a much stronger wrapping pressure, but enables the wrap- 
ping to be done while the insulationis heated. Both of these 
conditions are favorable to the production of a very tight wrap- 
ping with the result that with a machine wrapped insulation, 
the carbonization of the paper has still less effect in loosening 
the coil in the slot. The machine wrapped coil is probably 

6. With a superior grade of Class B insulation consisting of a mica 
and paper wrapper applied when hot by а wrapping machine (result- 
ing in a much tighter insulation than possible with ordinary hand wrap: 
ping), operation at temperatures of 200 deg. and 300 deg. did not appre- 
ciably affect the measurable thickness of the insulation. Ап account 
of these tests is given in the author's paper: ‘‘ Temperature and Its 


Lffect оп the Power Capacity of Electrical Apparatus;’’ Proceedings of 
Technical Meetings, М. E. L. А., June 1914. 
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as tight after the paper has been destroyed as the hand wrapped 
insulation is before the coil has generated voltage. The old 
Niagara insulation had a somewhat greater proportion of mica 
than the modern insulation—in the ratio of 75 to 60 per cent. 
However, there is no difficulty in increasing the proportion of 
the mica in the modern insulation if it should become advisable. 
Comparative tests made with samples having 60 per cent mica 
and 80 per cent mica have not shown any observable difference 
in this respect with temperatures up to 300 deg. 

It is dificult to draw conclusions from these tests, as to the 
maximum temperature that will be safe for continuous opera- 
tion. Very high temperatures, high from the standpoint of 
present practise, have existed in this generator for long periods 
of time without impairing the usefulness of the insulation. 
Does this not indicate that with mica insulation of proper de- 
sign and fabrication the effect of temperature on the insulation 
ceases to be a matter of importance? With such insulation, 
will not the temperature limit be determined by other factors— 
by the melting temperature of solder or by the linear expansion 
of the copper conductors, for example? Such, at any rate, is 
the belief of the writer. Certainly, the present recommenda- 
tion of the Institute for 125 deg. 1s unnecessarily conservative; 
a limit of 150 deg., allowed by the present Rules when guaran- 
teed by the manufacturer, is, in fact, conservative and still 
provides a liberal margin of safety before the real break-down 
temperature 1$ reached. 


------------ 
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Discussion ON “ Оп. CincvirT BREAKERS,” (RANDALL) NEW 
YORK, FEBRUBRY 17, 1915. (ЗЕЕ PROCEEDINGS FOR FEB- 
RUARY, 1915.) 

(Subject to final revision for the Transactions.) 

W.S. Franklin: There seems to me to be no justification for 
using a reactance in shunt with an oil circuit breaker rather than 
a resistance. We will assume that the heat developed in the 
shunt resistance wherever placed can easily be taken care of; 
so there can be no reason for using the reactance in place of the 
resistance because of the lesser amount of heat which may be 
developed. 

On the other hand the shunt resistance has some positive 
advantages over the shunt reactance because the second circuit 
breaker, which has to open the circuit after it has been established 
through the shunt reactance of the first, mav operate when the 
current is high, and the energy stored in the shunt reactance 
will have to be taken care of. 

My question is: Why use a shunt rea tance rather than а 
shunt resistance when, vou arrange to operate two circuit break- 
ers in series, in opening a circuit? 

Philip Torchio: Why not put the reactance in series with the 
circuit breaker and eliminate the other circuit breaker? 

W. S. Franklin: That is the way vou do now. 

Philip Torchio: Mr. Randall mentions in his paper that the 
volume of the oil and the pressure assist ш breaking the arc. 
At the Turin Exhibition four years ago, a French firm had on 
exhibition some oil circuit breakers which operated under pres- 
sure. I do not remember whether they had any vent, or how 
they provided for that emergencv. I would like to ask Mr. 
Randall whether they have made experiments and investigations 
along the line of having a positive pressure applied to the oil, 
and what results have been obtained? 

Н. В. Summerhayes: A large volume ог oil is necessary for 
high-potential sw tch:s to get the distance for the insulation. 
For low-potential switches such as are used on city systems, if 
you try to get too large an oil volume it militates against the 
operating companies requirements of small space. Further- 
more, it introduces a larger volume of oil in the station; and 
of course we want to keep down the volume of oil as much as 
possible in the сцу stations. 

Mr. Torchio's mention of an artificially created pressure 15 
interesting, but it is doubtful whether it would be possible to 
create a higher pressure artificially in the time required than 1s 
actually created locally by the action of the arc itself. 

In the paper it is stated that the simultaneous opening of 
several breaks will accomplish the intervention of a given oil 
distance more rapidly than will a smaller number of breaks. 
This assumes that the current is broken at the first zero point. 
When the circuit breaker is operating at or near its limit it does 
not break at the first zero point. However, the multi-break 
scheme is good. 
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Mention is made of the reactance switch, in which the two 
arcs are sprung at the same time, and one is shunted by reactance. 
It seems to me that here we have a multi-break switch—that 15, 
two breaks in series,—plus a reactance; and by leaving out the 
reactance we will get better service. It seems obvious that there 
would be more drop across the arc, than across the arc and re- 
actance in shunt with that arc. 

I would like to ask if Mr. Randall finds that leaving out the 
reactance gives just as good results? 

It is stated that modern operation, particularly on the score 
of simplicity, favors the solenoid action for electrically controlled 
oil circuit breakers. There is some difference of opinion among 
engineers on that point. There are large numbers of motor- 
operated switches in successful operation in which the actual 
open'ng and closing is done by a spring; the energy stored in 
the spring being supplied through a motor. Where, owing to 
its size and speed, the switch requires a considerable amount of 
power, the motor and spring combination may be preferable to 
the solenoid. 

In reference to the question as to when a circuit breaker is a 
breaker and when it becomes a fuse, that 1s the limit of its rating, 
and is a subject on which there has been a great deal of argument. 
Some breakers do not give any evidence of distress until the 
limit is reached, and then they ро to pieces. Others show evidence 
of distress for a long time before the limit is reached, but never 
fail to break the circuit. Тһе breaker itself may be injured. but 
the circuit 15 always broken. 

Р. М. Lincoln: I would like to answer one of the questions 
raised by Professor Franklin. Не asked why resistance had not 
been used rather than reactance for the kind of breaker that takes 
two bites to do the job. 

If the Professor will figure on the total amount of energy that 
a large system will cause to appear in such a resistance, even 
when it is allowed to attain its maximum permissible temperature, 
I think the final temperature he arrives at will be the answer as 
to why resistance is not used rather than reactance. The amount 
of material and the heating which takes place makes it impracti- 
cable to use resistance rather than reactance. 

Philip Torchio: I would make a recommendation to the 
Standards Committee that they adopt the last specification given 
in the paper of Mr. Randall. That is, that for a particular ap- 
plication,a breaker is satisfactory for a given service if the breaker 
can be put back into permanent satisfactory operation without 
immediate repairs. 

E. B. Merriam (by letter): We are greatly interested in the 
rapidity with which the contacts of an oil circuit breaker part. 
It is very difficult, however, to realize that there will be enough 
difference in the operation of commercial breakers on 25 and 60 
cycle circuits to necessitate different types for these frequencies. 

Too much emphasis should not be placed on the performance 
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of gravity-actuated circuit breakers. Very few accepted designs 
using this and a number of other undesirable features brought 
out in the paper are operating at the present time. 

Fig. 3 in the paper would be of more value if the speed was 
expressed in terms of some recognized unit, as percentages do not 
convey a concrete meaning. 

Reference is made to the benefit derived by the use of time 
limit relays. This reference is made, of course, on the assump- 
tion that the short circuit characteristics of most generators are 
similar. 

The method which Mr. Randall states has been developed 
from experience, etc., in considering rupturing capacity 1$ 
only of general use. It does not take into account the 
varying characteristics of individual generators nor of systems 
having a number of generators in multiple. It has been my 
experience that even though a generator equipment having 8 
per cent impedance is assumed, the current at the time the switch 
opens тау be anything less than 123 times normal current. It 
may be 6} times normal current as an average, but it may also 
vary between very wide limits, even though the assumption is 
made that all the oil circuit breakers have their contacts part at 
the same time interval after the short circuit, or rather the ab- 
normal load, comes on the system. This assumption may be 
correct for any one particular type of oil circuit breakers, but 
my experience indicates that this value is also variable throughout 
very wide limits. 

Mr. Randall mentions that there was no definite plan of 
rating or determining the capacity of circuit breakers available 
until recently. This is quite contrary to my experience, as the 
rupturing capacity of several of the principal lines of oil circuit 
breakers have been very well known ever since they have been 
placed upon the market, and considerable attention has always 
been paid to installations on large systems and those which 
presented unusual conditions. Now that the Standards Com- 
mittee has recommended what seems to be a reasonable 

.method of rating oil circuit breakers which has been adopted as 
standard by the Institute, it is to be hoped that all manufac- 
turers will use this asa common basis. 

Referring to the use of shunted reactances, experience 
indicates that while this scheme reduces the current that the oil 
circuit breaker must interrupt, it does not limit the actual 
drain on the system, nor does it protect feeders adjacent to the 
faulty one. Therefore it does not seem nearly so efficacious as 
when feeder reactances were used. 

The point of failure of an oil circuit breaker is not a definite 
one. It varies through so wide a range of current at any given 
voltage that frequently honest differences of opinion may be held 
regarding it. A circuit breaker whose use is permissible on a power 
development where service interruptions and oil throwing may 
not seriously affect operating conditions would be considered 
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unfit for service in a large central station where continuity of 
service and freedom from oil throwing are considered essential. 

Гат presenting herewith several oscillograms that may be of 
interest in connection with the study of electric arcs sprung under 
ой. In all of these the upper curve represents the current in 
the oil circuit breaker, the middle curve represents the pressure 
across the oil circuit breaker and the lower curve represents the 
pressure across the alternator supplying power for the tests. 
The oscillograms follow in general the reasoning laid down 
in Mr. Randall’s paper. 

The diayrams show the approximate limits through which 
the short-circuit characteristics of one particular class of al- 
ternators mav be expected to уату. The characteristics will be 
different for alternators of different design and where more than 
one alternator is connected to the system under consideration. 

In connection with Mr. Randall’s paper the following refer- 
ences to papers previously presented to the Institute may be of 
interest. 


The Modern Oil Switch with Special Reference to Systems of Moderate 
Voltage and Large Ampere Capacity, (Cheney) A. I. E. E. TRANS. 1910, 
p. 1091. | 

Oil Circuit Breakers, (Merriam) А. I. E. E. Trans., 1911, p. 495. 

Some Recent Tests of Oil Circuit Breakers, (Merriam) A. I. E. E. TRANS. 
1911, p. 1195. 

The Use of Power Limiting Reactances with Large Turbo-Alternators, 
(Schuchardt) А. I. E. E. TRANS. 1911, р. 1143. 

Development of the Modern Central Station, (Steinmetz) A. I. E. E. 
TRANS., 1911, p. 1213. 

Rating of Oil Circuit Breakers with Reference to Rupturing Capacity, 
(Burnham) A. I. E. E. Trans., 1913, P. 731. 

Notes on Oil Circuit Breakers for Large Powers and High Potentials, 
(Randall) А. I. E. E. PROCEEDINGS, October, 1913, p. 1885. 

The Relation of Distribution Problems and Switching Apparatus, 
(Merriam) A. I. E. E. PROCEEDINGS, Feb. 1914, p. 286. 


C. Lichtenberg (bvletter)*: The results of thousands of tests 
which we have made indicate that the principal feature of 
an oll for satisfactory service in oil circuit breakers 15 its ability 
to initiallv possess high dielectric strength and to retain it under 
adverse moisture conditions. "This property appears to be 
important even in connection with oil circuit breakers operating 
on pressure as low as 400 volts since we have found that а verv 
small percentage of moisture 1n the oil will greatly reduce the 
circuit interrupting capacity of the oil circuit breaker with which 
16 1s used. 

Mr. Randall states that for very low temperatures a non- 
freezing oil should be used but that most oils are un- 
satisfactory below 0 deg. ог-10 deg. fahr. Тһе tempera- 
tures given by Mr. Randall are slightly misleading as 0 deg. 


* Manuscript received February 13, 1915. 
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if meant to have been measured by centigrade scale does 
not equal — 10 deg. on Fahrenheit scale. 

The paper also contains the statement that non-freezing oils 
are usually so volatile at ordinary summer temperatures that 
under these conditions another oil must be used. It has been 
our experience, however, that oils can be obtained which will be 
suitable for use in oil circuit breakers for all temperatures be- 
tween — 40 deg. cent. and+60 deg. cent. "They are, therefore, 
applicable for oil circuit breaker service throughout the most 
extreme range of temperatures experienced in North America. 

Mr. Randall’s paper leads one to believe that increasing the 
velocity with which the contacts of an oll circuit breaker part, 
by increasing the speed of the mechanism, is a more efficacious 
wav of increasing the circuit interrupting capacitv of an oil 
circuit breaker than bv increasing the number of breaks in 
series. This is in direct opposition to the conclusions we have 
reached as a result of a large number of tests. We have found 
that doubling the velocity with which the contacts of a par- 
ticular oil circuit breaker part increases its circuit interrupting 
capacity about 30 per cent while doubling the number of series 
breaks will increase the circuit interrupting capacity about 
70 per cent. This result is directly explainable on the theory 
which I advanced some time ago concerning the operation of an 
oil circuit breaker. It states that the oil circuit breaker is a 
device for dissipating the stored electromagnetic energy of a 
circuit. It performs this function by converting this energy 
principally into heat which appears in the form of an arc at the oil 
circuit breaker contacts. If this arc is distributed between a 
large number of contacts, a greater rate of energy dissipation 
may be acquired and the circuit interrupting capacity of the 
oil circuit breaker increased. И, on the other hand, the velocity 
with which the contacts of the oil circuit breaker part is increased, 
the time duration of the arc may be diminished but since the 
number of arcs is not increased, the rate of dissipation is not 
nearly so rapidly increased and consequently the circuit in- 
terrupting capacity of the breaker is not nearly so high. 

Throughout Mr. Randall's discussion, the acceleration of 
the contacts of an oil circuit breaker is frequently mentioned. 
It appears to me that the velocity with. which the contacts of 
such a device part is more important than their acceleration at 
any particular point. It is also very noticeable that Mr. 
Randall continues to adhere to the fallacy that most oil circuit 

reakers are gravity actuated. In reality, most oil circuit 
Teakers are actuated through the most important portion of 
im e bv springs and not by gravity or solenoids or other 
о. ly operated mechanisms. This factoris very important 
2. е time Чеау which тау be introduced in the initial 
са of an oil circuit breaker by a solenoid or other electrical 
п 1511 15 appreciable when compared with the time delay 
Ocuced by a spring or similar mechanism having a considera- 
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able amount of stored energy awaiting release for breaker opera- 
tion. 

Another very interesting thing in connection with oil circuit 
breaker study is the fact that if the conditions are properly 
selected, an oil circuit breaker may be made to start and com- 
plete the interrpution of a given circuit at least one-fourth 
cycle before the current in that circuit would normally have 
passed through zero. This condition, however, 1s not a wise 
one to attain since the results of numerous tests have indicated 
that the very sudden interruption of a circuit carrying even 
small current may produce excessively high pressure rises in 
that circuit, resulting in the destruction of the insulation, even 
though the energy present is comparatively small. 

The proposed method for rating oil circuit breakers and speci- 
fying them follows in general the present А. I. Е. E. rules. One 
important factor, however, which is omitted by the rules is 
also omitted in the paper, т. е., the worst power factor of the 
circuit for which the breaker will be supplied. A hint of the 
effect of power factor is given 1n diagrams 1n the paper but 1n 
as much as these are the results of theoretical analysis and no 
evidence is given that they are based on experimental data, 
complete reliance cannot be placed on them. It is known, 
however, that the power factor of a circuit has a very great 
influence on the duty to which the oil circuit breaker 1s subjected. 
The results of a great number of tests have indicated that a 
power factor of about 0.45 will more than triple the duty 
of an oil circuit breaker normally operating on а 0.98 power 
factor circuit. "This result can be readily understood when 
it 15 considered that the power factor of a circuit 15 іп most 
cases a measure of the stored electromagnetic energy in that 
circuit. Consequently, increasing the stored electromagnetic 
energv increases the energy which the breaker is called upon to 
dissipate. 

Е. W. Harris (by letter): Mr. Randall states: “ Furthermore, 
neglecting the voltage peaks required for re-establishing the 
current, the maximum steady voltage attainable across an arc is 
limited, regardless of the length of arc or current volume, and 
hence, the same loss is developed regardless of the rate or length 
of opening, provided the current and time of arcing is the same. 
This is explained as follows. With practically any current en- 
countered in serious breaker problems, the ionization in the arc 
space will be quite complete and, therefore, it will constitute an 
excellent conductor becoming better as it is further heated by 
increased currents, so that the drop will remain practically con- 
stant independent of the current volume, provided it does not 
fall sufficiently to threaten deionization.”’ 

This might be differently stated as follows: (а) The voltage 
drop across the arc of an oil circuit breaker is quite independent 
of the length of that arc. (5) The voltage drop across the arc 
of an oil circuit breaker is quite independent of the current 
flowing through that arc. 
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Even explained as Mr. Randall has explained it on the theory 
of ionization it is hard to believe that his statement 1$ correct 
as it is contrary to our knowledge of arc phenomena. Inthe case 
of an ordinary arc the voltage drop across the arc increases much 
faster than the length and the voltage falls as the current 15 
increased. I do not believe that an arc in oil is any different 
from any other arc in this particular. 

In my opinion the action, when a circuit is opened by drawing 
an arc under a hydrocarbon oil, is purely a rectifying one. The 
introduction of the arc path into the circuit changes the current 
values very little, the resistance of the arc being small, often well 
below ten per cent of the total resistance of the circuit. On 


relatively heavy shorts on an 11,000 volt circuit the maximum 


observed drop through the four breaks of a standard circuit 
breaker is often less than 1000 volts. At the instant that the 
current reaches zero we have a low resistance and a moment after 
we have an infinite one if the breaker opens the circuit. 

In considering circuit breaker action we must understand the 
conditions that exist just after the current reaches zero. We 
have had a low voltage high current arc passing through a hole 
іп the hydrocarbon oil. This hole is filled with metallic vapor 
and with burnt oil. The burnt oil 1$ in the form of hvdrocarbon 
vapors, such as methane, C H,, and lower hvdrocarbons with 
probably some free hydrogen and perhaps some carbon in gasified 
form. The metallic and carbon vapors are good conductors, 
the hydrocarbon and hydrogen vapors are not. Whether the 
arc establishes itself or not depends on three things: First, the 
length of the vapor path, second, the specific conductivity of the 
vapor path, and third, the voltage available to force current 
over that path. The crisis 1s essentially the same as that faced 
by the alternating current arc lamp 120 times a second. The arc 
lamp however, continues to arc over where the circuit breaker 
opens the circuit. In any circuit breaker the length of arc and 
voltage available are such that an ordinary arc in air would hold 
indefinitely. It 15 in the specific conductivity of the vapor path 
that the secret of oil circuit breaker action lies. Тһе vapor path 
acts like a check valve resisting reversal of the current direction. 
I believe this valve action 1s due to a preponderance of hydrogen 
in the vapor path. 

In breakers having a considerable number of breaks in series 
each break is a law unto itself. As the resistance of each break 
is small the current flowing is determined by external conditions 
and not by arc conditions. The current being fixed by external 
conditions the energy in each arc path is determined almost 
wholly by the length of that path. It is practically impossible 
to set multiple contact breakers so that all breaks open at once. 
The result is that the first break to open absorbs nearly all the 
energy the other arcs being short and of much lower voltage. 
Consequently the conditions for preventing reversal will dif- 
fer widely among the various breaks, one or more breaks 
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being generally quite favorably situated at the instant of 
reversal. The ideal circuit breaker would break the circuit 
at the instant of current reversal and the more breaks you 
have in series the more likely. one of them is to be ideally 
situated at that instant. I have had some experience with both 
the resistance and the reactance breakers having had some share 
in initiating this development, and I cannot help feeling that an 
increase in the number of breaks in series would go a long way 
towards solving the breaker problem without the necessity of 
the more complicated reactance type. Mr. Randall evidently 
feels that the multiple break type will involve complications of 
structure not met with in the reactance breaker but such 15 not 
a fact. Such multiple break circuit breakers can undoubtedly 
be made as compact and quite as efficient as the reactance type. 

К. C. Randall: Replying to Mr. Franklin, reactance 1$ 
preferable to resistance because it takes less space, is cheaper, 
and satisfactory for the purpose. 

Replying to Mr. Torchio, series reactance is satisfactory for 
some applications but often the drop, always present across the 
reactance, is not desirable, and on such circuits from heavily 
powered systems the reactance tvpe of breaker may be required. 

Replying to Mr. Summerhaves, some years ago tests of arcs 
established under pressure showed qualitatively an advantage 
from the pressure. 

Mr. Merriam’s contribution is of particular value coming 
from an experienced circuit breaker engineer. The reference to 
papers previously presented on this general subject is also timely. 

In regard to series reactance it may be noted the value of the 
series reactance in feeder circuits has been generally well recog- 
nized as the protection to service on adjacent feeders. Some- 
times, however, the value of the reactance required to make 
circuit breaking easy or even safe is not available nor permissible 
as a permanent scries arrangement. Here the reactance breaker 
finds a good application. 

The author is glad to note essential concurrence in an engineer 
of Mr. Lichtenburg's broad experience and also acknowledge 
the additional data which he contributes. 

'The slight error in referring to the oil temperature 1n the paper 
does not make plain a range from zero deg. fahr. or minus 10 
deg. fahr. was the lower limit for most oils, although as Mr. 
Lichtenburg points out, oil suitable for breaker work throughout 
a much wider range is available. 

I can hardly agree with Mr. Lichtenburg that essentially '' the 
oil circuit breaker is a device for dissipating the stored electro- 
magnetic energy of the circuit." It is true that energy 1s dissi- 
pated in the tank when a breaker operates under load, and as 
generally acknowledged, the less energy there may be, the less 
danger from destruction, for experience has well proved that 
violent explosions— dissipation of enormous energy—are the 
usual causes of oil breaker failures. From this it is apparent 
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that rather than design to increase the amount of energy that 
тау be dissipated within the breaker tank, the endeavor should 
be to decrease this amount of energy for in so doing any given 
strength of construction will be adequate for increased duty, or a 
given dutv can be handled with a lighter unit. 

It seems to me that an oil breaker could be better described 
as a device for establishing a dielectric of essentially infinite 


value in a circuit otherwise capable of carrying current. А. 


breaker of infinite opening speed would cause most of the stor. d 
energy to dissipate in the circuit; that 1$, outside of the tank. 
A slow breaker might allow not only the stored energy but addi- 
tional energy from the power supply to dissipate within the tank 
(until destruction). In general, the less energy dissipated the 
less the chance of damage, as is obvious. Any plan whereby the 
necessary dissipation of energy within the breaker tank can be 
reduced will operate to increase the rupturing capacity and vice 
versa. Consideration of these facts leads the author to have 
confidence in a highly accelerated breaker which—as is acknow l- 
edged by Mr. Lichtenburg—tends to diminish the time of the 
arc, and hence the amount of energy dissipated which 15 the 
desired result. 

The ideal circuit breaker terminates the current close to the 
normal first zero after the contacts separate. Increasing the 
rate of contact separation tends to hasten the current termina- 
tion and also to prevent reestablishment owing to the greater 
oil distance separating the contacts. All of these considerations 
clearly show the advantage of the highly accelerated and there- 
fore rapid opening breaker. However, for some applications 
the multi gap design may be useful. The evil results of too fast 
opening, causing premature termination of current, (before 
normal zero) is quite properly emphasized and again illustrates 
where a highly accelerated double unit breaker with one member 
shunted by reactance finds excellent operation. Such a unit 
built up of members of modest individual capacity will be suitable 
for service on rather large power, because the operation is to 
first reduce the current to a satisfactory low value and then 
interrupt it with little, if any, line disturbance. 

It might be further added that the current which circuit 
breakers are required to rupture is almost invariably determined 
by the characteristics of the circuit and not by the breaker. 
Therefore, increasing the number of arcs within the tank means 
a corresponding increase in the amount of energy to be dissipated. 
While terminating the current by a single breaker will be ac- 
companied by a minimum dissipation of energy within the tank 
and at the same time if highly accelerated afford greater assurance 
that re-establishment after the first zero will not occur. 

The author finds an apparently general concurrence in Mr. 
Harris’ discussion, although viewed from a different point and 
expressed on a different basis. 
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Discussion ON “А 100,000-Уотт PORTABLE SUBSTATION " 
(BURKHOLDER AND STAHL), NEw YORK, FEBRUARY 17, 1915 
(SEE PROCEEDINGS FOR FEBRUARY, 1915). 

(Subject to final revision for the Transactions.) 

K. C. Randall: Is there any provision for lightning protec- 
tion? 

Julian C. Smith: It is certainly a rather prominent develop- 
- ment to think that the transmission system has provided this 
equipment for taking care of wrecks. 

Why did the authors use three single-phase transformers? 
It would seem that for the purpose a three-phase transformer 
would be smaller and lighter, and all the purposes served by 
these transformers could have been accomplished by the three- 
phase transformer. It would have taken less space and could 
have been set down through the car, and possibly an oil switch 
might have been set on top of it. 

L. W. Chubb: I ask the authors if there would have been 
any advantage in a higher enclosing wall so as to get a more 
direct draft along the corrugations? 

Mr. Nicholas Stahl: The answer to Mr. Randall’s query 
about lightning arresters is a double one. In the first 
place, it was the purpose of Mr. Burkholder, аз general 
manager of The Southern Power Company, to secure light- 
ning protection from those substations in the vicinity of 
which the car would be located. Тһе second part of the answer 
is found in saying that the length of the car was already con- 
siderably stretched for the weights it had to carry, and you 
were confronted with the difficulty of installing some form of 
arrester without oil; if you went to the electrolytic type you 
were faced with the danger of slopping and spilling the oil, 
particularly so 1n heavy switching service, or transporting over 
the heavy lines of the railroad. 

Mr. Smith's question about the three single-phase or one 
three-phase transformer also received consideration, but it has 
been the practice of the Southern Power Company to make 
their installations in favor of a single-phase type. And if they 
have any three-phase transformers on their lines at present I 
am not familiar with these installations. That is partly de- 
batable ground with engineers the country over. But the 
question was raised and decided by the Southern Power Com- 
pany. 

As to the suggestion of locating the oil-switch on top of the 
transformer—that would have been negatived in the South- 
land. We had to send the car over seven hundred miles of 
circuitous route, nearly double the usual distance, in order to 
get proper clearances. There are no tunnels which there im- 
pose such severe conditions, so that the statement with respect 
to the freedom of transit over these lines obtains. 

Another reason is that the three-phase transformer would 
have involved us in difficulty unless we adopted oil-switches 
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with the transformer. There would have been no place con- 
venient for locating the horn-gap switches. With the other 
switches we would have been liable to the same question of slop- 
ping. 

In reply to Mr. Chubb, the initial proposition involved 
bringing up an outer partition wall substantially to the top of 
the transformer casing, and sending through that by means of 
the subway, the air which is now liberated substantially from 
direct confinement at a height of 15 inches approximately 
above the car-floor. Tests were made both with the anemom- 
eter and otherwise which showed that the air does hug the 
corrugations. So the outer partition wall was omitted for two 
reasons. First, it economized material and made a larger 
area-way for the trainmen to pass between the struts on the 
one side and the transformer case on the other. And it al- 
lowed a greater output for the station when the blower was 
not in service, on accqunt of the greater radiation effect ob- 
tainable. 

The squirrel-cage induction motor is fed from a low voltage 
circuit in the main transformer and anything which occurred 
to disable it would put the transformers out of service also. 
It might happen that the blower or motor would be disabled, 
and in such case you would get through the self-cooling action 
of the tanks alone 50 per cent capacity of the station provided 
with the blower. 

I might say again with reference to Mr. Smith’s question 
about the three-phase transformer, that one of the points in 
mind was the ability to operate with 58 per cent of the capacity 
of the total in case one transformer was out of operation. 
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DISCUSSION ON “f DISTORTION OF ALTERNATING-CURRENT WAVE 
ForM CAUSED BY Сусшс VARIATION IN RESISTANCE " 
(BEDELL AND МАҮЕВ) NEw York, FEBRUARY 18, 1915. 
(SEE PROCEEDINGS FOR FEBRUARY 1915.) 

(Subject to final revision for the Transactions.) 

Clayton H. Sharp: I could wish that Dr. Bedell would carry 
his analysis a step further, and apply it to the condition of alter- 
nating current operation of lamps. When that is done, a num- 
ber of other factors evidently enter which introduce considerable 
complication. As I understand the analysis which is given here, 
Fig. 1 represents what might be called the statical condition, 
that is, where the frequency of the alternating current is so low 
that the temperature changes have time to equalize themselves 
for each step, so that there is no temperature lag. In other 
words, it corresponds to what we should have if we carried the 
filament through a cycle of steps and gave it sufficient time at 
each step for the temperatures to become steady. In that case, 
a third harmonic is introduced into the fundamental sine wave, 
and the third harmonic is so phased as to cause the wave to 
flatten at the top. 


Now, in the next curve, the condition corresponds to an alter- 
nating wave of a frequency sufficiently high so that the tempera- 
ture of the filament cannot reach its ultimate value for each value 
of power supplied to it. Hence there is a temperature lag 
throughout, the result of which is seen to be a lag of the third 
harmonic, the third harmonic remaining in phase with the 
temperature of the filament. If the frequency 15 still further 
increased, the lag of the third harmonic is also increased, and 
the width of the hysteresis loop is made greater. 


If the frequency is still further increased, the effect of distor- 
tion or lopsidedness of the wave, due to the thermal lag in the 
filament, will reach its maximum value for a given filament at a 
given frequency. With very high frequency the cyclic changes 
in the filament temperature will be zero, practically, so that the 
whole effect will disappear. 


This effect depends upon the diameter of the filament, its 
thermal conductivitv, the emissivitv of its surfaces, and its 
specific heat; hence its analysis must be quite complicated. 

А few vcars ago I presented an attempt to detect by oscillo- 
grams any shifting of the current wave with respect to the volt- 
age wave in a tungsten lamp. Іп order to make the effect greater 
—for what I was reallv looking after was power factor, which Dr. 
Bedell has shown to be small—I introduced not only the third 
harmonic, but also the fifth one, so as to get a very peaked wave, 
with the idea that the changes in temperature would lag further 
behind the changes in electromotive force, if the electromotive 
force had very sudden changes due to its peaked character. 
Dy the use of a bridge method a certain difference was found 
between the resistance with alternating current and direct cur- 
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rent, but the power factor came out so very near 100 per cent 
that I have never been sure of the exact value. 

C. Field-Frank: Professor Bedell has called attention only 
to those substances which obey what we may call Ohm's law, 
that is to say, those substances where the instantaneous applica- 
tion of electromotive force results in a straight line law between 
itself and the current which flows. А very interesting field is 
opened up, however, once we consider the conductivity of those 
substances which do not obey this straight line law. We have 
this condition in any path containing a number of loose contacts, 
such as the common coherer. 

The study of conduction in a path containing an accumulation 
of particles is a very large field, in which a great deal of work 
has been done. I will take 3ust a minute, however, to briefly 1n- 
dicate how nicely Professor Bedell's “ hysteresis loop ” is brought 
forth in substances of this nature. Let us consider a coherer 
consisting of a glass or other insulating tube A, (see Fig. 1); 
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BB are metal electrodes, the space between which 1s filled 
with carefully assorted particles, C. Let us then apply a high 
frequency electromotive force, of from 1500 to 12,000 cycles, 
when the relation between e.m.f. and current, 7, will be shown 
by curve OA B, Fig. 2, for both ascending and descending values. 
The equation of this curve is E =Ё I", where п has been about 
0.3 for a large number of substances I have studied. If we 
gradually reduce the frequency, the descending curve BCO will 
vary from the ascending more and more, as shown in the figure, 
giving a perfect imitation of a '' hysteresis loop." 

Where the return curve B CO is below the ascending, the ther- 
mal coefficient of electrical conductivity 1s, of course, negative. 
And this brings us to a case where we can get in practise some- 
thing which corresponds closely to Prof. Bedell's Fig. 10. This 
is accomplished mixing our particles, C, or by introducing two 
coherers in series, one containing particles having a negative 
temperature coefficient, such as carborundum; the other having 
a positive temperature coefficient, such as iron or nickel, or even, 
under some conditions, merely by introducing an ordinary i iron 
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resistor in the circuit of the coherer having the negative tempera- 
ture coefficient. 

The utility of such unusual combinations is surprising, and 
I do not doubt but that the near future will see several taken out 
of the laboratory for service. 

L. W. Chubb: The study of distortion of current as a func- 


tion of resistance has been very interesting, but in most cases ` 


such distortions are more of scientific interest than of commercial 
value. Now and then, however, these cyclic variations cause 
disturbances which are of importance and the governing laws 
and constants of the circuits and materials need careful considera- 
tion. Lightning arresters both the electrolytic and resistance 
types, rectifiers with batteries, furnace resistors and circuits 
containing arcs are some of the things which cause such distur- 
bances and in which the apparent resistance is a function of 
current, voltage or temperature. 

The authors call particular attention to the distortions of 
current in the incandescent lamp due to cyclic variations of re- 
sistance as a function of temperature, and to the predominating 
effect of the third harmonic. 

Practically all of the energy of the lamp is dissipated by radia- 
tion. Conduction and convection are negligible but thermal 
capacity has an appreciable effect in causing a temperature lag 
even at the lowest commercial frequencies. If we assume the 
radiation to be proportional to the difference of the fourth powers 
of the temperatures, the temperature coefficient of resistance to 
be a constant and a reasonable figure for the thermal capacity, 
it can be shown mathematically from the differential equation of 
the lamp that when operated on a sine voltage, the third 
harmonic component wil predominate in the  distorting 
current. Whether this component alone causes the distortion 
is difficult to show mathematically. Experimental results, 
however, show the presence of other harmonics but in small 
amounts. 

With regard to the loops which the authors show at the right 
of each curve, I wish to add that since the voltage 1s a simple 
harmonic function the loop is easily resolved into Lissajous 
figures combining this voltage and the several harmonic currents 
at right angles. The areas of these loops represent the reactive 
energy, and similar loops constructed by combining the distorted 
current and sine voltage with the voltage shifted 90 deg. will 
represent the true power expended. The use of such loops 1$ a 
very efficient method of figuring true power, reactive power, 
and power-factor where only the two waves of voltage and cur- 
rent are given and one of them is a sine wave. 

It is not necessarily true that the fundamental component 
must lead or lag when the distorting third lags or leads, unless 
there are no other harmonic components of current. The nega- 
tive ordinate of the lagging third harmonic when the voltage is 
zero may be offset by a resultant positive ordinate or sum of 
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ordinates of harmonics above the third. Recent experimental 
results with 10 watt, 110 volt lamps on a 25 cycle sine wave 
voltage show, that the fundamental leads slightly but not enough 
to offset as much as half of the third harmonic ordinate when 
voltage is zero. Upper harmonics occurring in decreasing 
amounts make the current wave zero when the voltage is 
zero. i 
Charles R. Underhill: When an e.m.f. is impressed upon a 
solid metallic conductor which is non-inductively arranged, 
all of the electrical energy is converted into heat: another form 
of energy. 

The heat energy converted is proportional to mass times 
difference in temperature which seems to indicate that tempera- 
ture is proportional to the square of a velocity. According to 
the theory of heat, the particles of solid matter oscillate in in- 
creasing orbits as the temperature increases, thus causing expan- 
sion of the body heated. In general, as the body expands, the 
resistivity increases; that is, the temperature of the body is a 
measure of its resistivity and vice versa. Volume resistivity is 
usually defined as the resistance (in microhms) between oppo- 
site faces of a centimeter cube of the material. It may also 
be defined as the uniform cross-sectional area in sq. cm. of a 
piece of the material which, at one volt per cm. length, will de- 
velop heat at the rate of one watt per cm. length. 

In the electromagnetic system of units, resistance is a velocity; 
in the electrostatic system it is the reciprocal of a velocity while, 
in metals, at the absolute zero of temperature resistance is 
assumed to entirely disappear. In the case of an electric lamp, 
the energy is radiated away about as fast as converted and, in 
alternating-current systems, there are cyclic changes in the 
resistance of the filaments as set forth in the paper but, if it is 
assumed that all of the electrical energy applied to the mass of 
the conductor remains there in theformofheat,and is not radiated 
or conducted away, it is remarkable how much energy can be 
stored in, say, a mass of ten grams of copper without materially 
increasing its volume, when reckoned from the absolute zero of 
temperature. 

Again referring to volume resistivity p, there are three general 
definitions which refer to the spatial relations of the material; 
some fixed temperature being assumed. They are, 

1. The resistance per cm. length of a conductor p sq. cm. in cross- 
section 15 one ohm. 

2. In a prefectly square sheet of conducting material p cm. thick, 
but with any length of edge, the resistance between any two opposite 
edges will always be one ohm. 

3. In a cube of conducting material p cm. per side, the resistance 
between any two opposite edges is one ohm. 

In the above, the sheet described in (2) may be thought of as 
being rolled up to form a solid circular conductor which shall 
always have a resistance of one ohm. Its cross-section will be 
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equal to p X length, and will vary with variations in temperature 
when the length is kept constant. 


М. С. Lloyd (by letter): The authors have howa the rela- 
tion between pulsating resistance and current, assuming sinu- 
soidal e.m.f. This condition occurs especially in incandescent 
lamps, the magnitude of the effect increasing as the frequency 
is lowered and the filament made thinner. It is of interest to 
consider also the relation of power to resistance under such 
circumstances. | 

In а paper presented at the Minneapolis meeting of the Ameri- 
can Association for the Advancement of Science* I showed that 
where there is no lag of temperature (and hence resistance) 
behind current (as in Figs. 1 and 4) the power is greater for a 
negative temperature coefficient of resistance (Fig. 4) and less 
for a positive coefficient (Fig. 1) than for continuous current. 
This assumes the same effective value of voltage in both cases. 
The effect is a maximum for no lag of the temperature, and 
decreases as the lag increases, until for a lag of a quarter cycle it 
becomes zero. 

The candlepower T an incandescent lamp is, however, always 
greater for alternating than for continuous current, whether the 
filament be of carbon or tungsten. The effect is negligibly small 
under most conditions, but becomes appreciable in a 25-watt, 
116-volt tungsten lamp operated at 25 cycles, where it was 
found to Бе 1.6 per cent. Withthicker filaments and higher fre- 
quencies the effect 1$ of course less. 


Frederick Bedell: This work was approached from the stand- 
point of alternating current theory. In years past I have had 
the pleasure of presenting before this Institute, and elsewhere, 
certain conclusions that are applicable to alternating current 
circuits in which the resistance, self-induction and capacity 
are constant. This limitation has stared us in the face for years 
and for some time I have been endeavoring to see what could be 
done with reference to removing it. 

In a previous paper, by Bedell and Tuttle, the question of 
hysteresis of iron and variable inductance has been considered, 
and the fact was brought out that the variation there considered 
brings ш predominantly a third harmonic. This investigation 
with reference to a varying resistance leads to a similar result 
and, as Mr. Taylor has emphasized, it is seen that there is a 
physical reason for the existance of the third harmonic. The 
numerical effect, however, is not very large, scarcely affecting 
the practical results of our equations and diagrams as hitherto 
used; that conclusion alone, I think, is worth while. It was to 
point out particularly just what modifications should be intro- 
duced in our previous treatment, in order to make it exact, that 
this investigation was undertaken. 

It is true, as Mr. Chubb remarked, that the shifting in phase 


* Electrical. Review and Western Electrician, Vol. 58 p. 94 Jan. 14, 1911. 
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of the fundamental of current would be modified by any harmonic 
higher than the fifth. Several of the speakers have indicated 
the possibility of making the investigations more extended and 
general,— Dr. Sharp and Mr. Chubb bv considering the emissivity 
and radiation constants; and Mr. Field Frank by considering 
that the resistance does not necessarily follow Ohm’s law, as 
considered in this paper. 
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DISCUSSION ON “ DIMMERS FOR TUNGSTEN Lamps " (WALLER) 
New York, FEBRUARY 18, 1915. (SEE PROCEEDINGS FOR 
FEBRUARY, 1915.) 

(Subject to final revision for the Transactions.) 

Leonard Kebler: In Mr. Waller’s paper, he refers to the 
necessity of the contact shoes moving smoothly over the con- 
tacts, and also to the necessity for having easy mechanical 
movement. In designing a dimmer to get proper change in 
theatre lighting, the first requisite is the proper proportioning 
of the resistance, as described Ту Mr. Waller. After this is done, 
the mechanism that actuates the resistance controlling arm, and 
the friction between the moving arm and the stationary contact, 
pivots, etc., must be such that the arm can be moved over the 
contact evenly with a minimum of effort on the part of the 
operator. 

If this mechanism is so made that under operating conditions 
it sticks until undue force is exerted to move it, the arm will 
jerk over several contacts and produce the uneven gradation or 
flickering of light that we are trying to eliminate. This is espe- 
cially true in theatre dimmer mechanism, which is usuallyinstalled 
back of or on top of a switchboard where it is not readily cleaned 
or oiled, and consequently becomes dirty and even may become 
clogged by dirt or dust if not properly designed. Poor contact 
between the stationary moving contact may also cause flicker- 
ing, and must be guarded against. On account of the lack of 
lubrication encountered in practise, it becomes desirable that 
the rubbing surfaces of the movable and stationary contact shall 
be of dissimilar metals. Such dissimilar metals as brass and 
copper are useful for this purpose. 

The spring pressure that presses the movable contact against 
the stationary contact should be such that dirt, etc., shall not 
catch or retard the movement of the moving arm and shall not, 
in practise, lift the moving contact member off the stationary 
parts. А form of shoe known as “ skate shoe ” eliminates these 
troubles. This shoe is a block of copper pressed against the 
brass stationary contact by means of two independent spring 
plungers, located at the two ends of the shoe in the line of travel. 
The shoe has rounded ends so that it readily slides over obstruc- 
tions. А copper cable sweated into the shoe and the moving 
arm carries the current to the arm. 

Such a '' skate shoe '" may have one end lifted an eighth of an 
inch or more off the contact while the other end still makes good 
electrical connection. It will travel over any dirt or roughness 
with the minimum effort applied to move it. At the same time, 
it 1s comparatively inexpensive. 

The bearing on which the contact lever turns should be long 
and rugged, and here again two dissimilar metals for the two 
bearing surfaces are desirable, so that rust, dirt, or lack of lubri- 
cation shall have the minimum effect. 

Another important feature 1$ the mechanical connection be- 
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tween the hand operated arm and the resistance controlling arm. 
There must be no lost motion in this. It should not need lubri- 


cation, and dirt or dust should not clog it or injure its free action ` 


in any way. 
I should say that a proper theatre dimmer specification might 
well say: “Тһе sliding contact and the driving mechanism must 


be such that dirt, dust and lack of lubrication, such as is met 
with in practise, shall not prevent the smooth movement of the 
sliding contact over the stationary contact, with a practically 
equal pressure on the operating handle over the complete arc of 
travel.” 

Charles D. Knight: The table in the paper, giving a total 
resistance of 1175 ohms indicates that approximately four times 
the hot tungsten lamp resistance is utilized to dim the lamp to a 
visible red filament. As there would then be a drop of ten volts 
across the lamp, the dimmer would, of course, absorb 100 volts 
when used on a 110 volt circuit. 

Further on it is brought out that 100 steps of one volt per 
step gives satisfactory regulation, although because some cir- 
cuits might be 120 instead of 110 volts, 110 steps are included 
in the dimmer. The assumption would be that on 120 volts 
somewhat more resistance would be required than on 110 volts 
to reach the same dimming point, and therefore, the additional 
steps would be logical. However, from the table on the same 
page, which shows the sub-divisions for 110 steps, the original 
total resistance of 1175 ohms is maintained. This is not quite 
clear, as it would seem to indicate simply finer regulation when 
divided among 110 steps rather than taking care of any increased 
drop, which would be the case at 120 volts. It would seem as 
though nearer 1400 ohms would be desirable to take care of 120 
volt lines. 

In most instances a dull red filament gives sufficiently low 
dimming. However, we have noticed that when several borders 
were running at just visible red filament for each individual 
lamp, considerable light is diffused, making objects on the stage 
discernable from the front of the auditorium. 

It is desirable at times in obtaining the most realistic effects 
that the first appearance of light on the stage should not be 
discernable to the audience. This means that the dimmer must 
control the lamps from full light to black filament. This is 
accomplished by including in the dimmer approximately five 
times the hot resistance of the lamp, or in the case of a 40 watt 
110 volt tungsten lamp 1600 ohms. To take care of 120 volt 
circuits a series resistance of about 1750 ohms is necessary. 

We agree that 100 divisions of resistance will give the proper 
regulation of tungsten lamps, and that any number below this 
is prohibitive. Without trespassing greatly upon the value of 
the figures given, we believe that 100 divisions with approxi- 
mately equal volts per step will give satisfactory regulation from 
5 to 110 volts on the lamp, and with a 120 volt circuit, the addi- 
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tional drop per step is so small as to not be discernable in the 
dimming of the lamp. 

John B. Taylor: Has this figure of 1 volt per step been deter- 
mined in any manner other than building a rheostat and seeing 
that it works? А more exact way would be to see if one volt 
between 100 and 99, produced more visible effect than one 
volt between 10 and 11—one volt between 10 and 11 is ten per 
cent, but naturally, as the filament is colder it cools down more 
slowly and the percentage change may be greater. It is in- 
teresting to know if any work has been done trying one volt 
at 100 volts, 75 volts and 50 volts, to see if the one volt step 15 
the best curve to meet the requirements. 

Comfort A. Adams: I might suggest in answer to Mr. Tay- 
lor's question, that it does not necessarily follow that the grada- 
tion of resistance should be that which would give an absolutely 
uniform rate of change of illumination. "The rate of change of 
illumination may be different in different parts of the range, 
and still give the desired effect. In fact, I should think that 
the desirable increase in illumination would be very much 
smaller in the earlier stages of the change than later. 

W. S. Franklin: According to a well known principle in the 
psychology of the senses each step in candle power of a dimming 
lamp should be in proportion to the actual candle power of the 
lamp at that stage of the dimming process in order to get the 
maximum smoothness with a given number of steps; or in other 
words the successive candle powers of the dimming lamp should 
constitute a decreasing geometrical progression. 

It seems to me that the best way to design the steps of the 
dimming rheostat would be to take two lamps, side by side, each 
with a continuously adjustable rheotat in series with it. Begin- 
ning with both lamps at the maximum of brightness, dim one 
lamp until you can just barely perceive the difference in bright- 
ness, then dim the other lamp until it 15 just perceptibily dimmer 
than the first, and so on, Thus you get a series of proper steps. 

Н. Ward Leonard: І did not intend to make any comment оп 
this paper. The only thing I could suggest in connection with 
the remarks which have been made as to the best design of dim- 
mer, is that commercial considerations make it desirable, if 
possible, to have the dimmer very compact. The best way to 
get the minimum size in handling a certain duty, 1s to try to so 
arrange the constituents that each particular step when working 
at its maximum duty shall be producing a number of watts which 
shall be constant for each of the steps under that maximum con- 
dition. That 15 to say, you can make the plate much smaller and 
avoid undue heating of some steps, or improper cooling, as you 
might say, on other steps, if the maximum watts per step are 
made constant when that step is operating at its maximum duty. 
That is a consideration. of great importance, because in 
theatre dimmers the question of space is of very controlling im- 
portance in many instances. 


- 
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It is rather interesting to recall the historical side of the sub- 
ject. As far as I know, the first interlocking dimmer used 
in a theatre was the one that I installed in Chicago, in 
1885, that is just thirty years ago. In those days the dimmers 
were large boxes of iron wire for the coils, and with a very large 
switch, composed of a number of different plates with the con- 
tacts so arranged that various combinations were obtainable. 
The dimensions of that theatre dimmer, which was installed in 
McVicker's Theatre, in Chicago, I think were probably at least 
twenty times what would be necessary today; and that is of quite 
a great deal of importance in the available space that a theatre 
stage represents. 

It was necessary under the conditions at that time to mount 
the coils overhead and have various tooth gears and clutches 
for securing the interlocking arrangements; but the plate form 
of rheostat, which is practically universal today, and which has 
the switching features and the resistance features combined in 
one plate and these plates arranged in bank, has resulted in an 
extreme reduction of the dimensions. The various devices for 
interlocking have also in the course of years been made much more 
compact and require very much less effort to operate them than 
was formerly the case. 

_ Alfred E. Waller: I have been much interested to note that 
in the course of this discussion several points have been brought 
out that occasioned a good deal of thinking when the design 
of this dimmer was originally under consideration. The problem 
15 One which is rather embarrassing, if you try to attack if from 
the purely theoretical standpoint. In his address last night, 
Dr. Humphreys said that all electrical engineering problems could 
not be satisfactorily solved by mathematics alone; and this, I 
believe, is one of them. I think, very naturally, the tendency 
of every engineer is to try to figure it out; but this probelm 
involves a variable, namely, the eyes of observers. A suggestion 
was made that possibly good results might be obtained by placing 
two lamps side by side and dimming one, so that it was always 
slightly dimmer than the other, and regulating the steps of the 
theostat in that way. That was tried, but it was found very 
difficult, particularly where the lamp was near full candle power; 
€cause if you start two lamps at full candle power and dim one 
until you can notice it, you will find if you place these lamps out 
of sight and regulate the voltage across them in such a way that 
а corresponding change in illumination is obtained, throwing the 
ight on a background to eliminate dazzle, that you will be able 
to see the flicker. 
пе way in which the one volt difference was arbitrarily fixed, 
was to connect a lamp in a circuit, the potential of which could 
е varied one volt up and down with great rapidity, or, in fact, 
any number of cycles per second. We found when that change 
was a one volt change, that the change in illumination was imper- 


ceptible; but when we began to increase that change in potential 
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across the lamp, we got an effect that was comparable to that which 
is obtained when you connect a tungsten lamp on a 25-cycle 
circuit. We had to limit ourselves in studying the changes of 
illumination to the maximum allowable change of illumi- 
nation and the effect of this change of illumination on a 
background, and we selected a number of backgrounds. This 
method eliminates the dazzle, and gives better results than direct 
inspection of the filaments. 

It is easy to see, if you look at the curve, that the rate of change 
of illumination varies, if the dimmer contact arm travels at a 
constant speed; because one volt at a certain part of that range 
will give us a greater change in candle-power than it will at other 
parts of the range. This, in practise is not noticed at all, be- 
cause hand-operated dimmers in particular are generally moved 
just enough to get a certain effect. If а man wishes to change 
the candle-power at a constant rate, as for instance, in a sunrise 
effect, it would be necessary to move the dimmer contact arm 
a little bit slower during the first part of the range than during 
the latter part. 

I fully agree with Mr. Knight that less than 100 steps is not 
advisable in a dimmer of this type. 
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SOLENOID AND ELECTROMAGNET WINDINGS 


p 


BY GEO. L. HEDGES 


ABSTRACT OF PAPER 


The design of solenoid and electromagnet windings is dis- 
cussed. А new and shorter method is derived for the design 
of the most efficient windings for continuous or intermittent 
service. Formulas are given which eliminate the usual cut 
and try operations of the design. Charts, plotted from the 
formulas, reduce to a minimum the calculations necessary in 
designing a winding. 


HE DETAILS of design of electromagnets and solenoids 
have become of increasing importance through their 
extensive use during the past few years. "There are very few 
data on the subject. The subject is complicated by many 
variables, and while considerable valuable work has been done 
there is much yet to do before the design of a magnet can be 
accurately predetermined. Especially is this true in regard to 
the pull which may be obtained with a given magnet. 

In the design of an electromagnet or solenoid the conditions 
of the problem are usually stated as follows: Required, a magnet 
to exert a certain pull at the beginning of a given stroke; or, 
required, a magnet to exert a certain pull at the end of its stroke. 
There will also be given the voltage on which the magnet will 
be operated, and the character of the service for which the magnet 
will be used. 

The usual procedure.in the design of a magnet is to build a 
magnet which seems about right by comparison with other 
magnets with which the designer has had experience. . The 
magnet is then tested to find how many ampere-turns are neces- 
sary to give the required pull, and а coil is designed to give these 
ampere-turns. 

This method gives a magnet which will do the work. The 
fault of the method is, that it does not give the most efficient 
magnet which will do the work. As we become more familiar 
with this class of apparatus, it is probable that data will be 
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worked out which will enable us to determine accurately the 
most efficient design for any given problem. 

The design is usually considered as two separate problems: 
' First, the design of the magnet—from the required pull and 
stroke or the required final pull, find the ampere-turns, the length 
of the coil, and the diameter of the plunger. The particular 
application of the magnet determines the form of bobbin to use 
and the clearance between the bobbin and plunger, and this gives 
us the inside diameter of the winding. Second, the design of 
the winding—find the size of wire to use in the coil, and the 
number of turns, or the thickness to which the wire should be 
wound, to give the most efficient coil which can be wound on 
the bobbin of length and inside diameter found above, which 
will give the ampere-turns required when operated on the given 
voltage, and which will operate under the character of the service 
specified in the conditions of the problem without undue heating 
or temperature rise. 

This paper will be concerned entirely with the second problem 
of the design, namely, the design of the winding, and will only 
consider windings to be used on direct-current circuits. The 
ampere-turns, length of winding and inside diameter of winding 
will be considered the original data of the problems which we 
will consider, and formulas will be deduced for the design of the 
most efficient winding to satisfy these data, for the different 
kinds of service for which a magnet may be used. 

The character of the service for which the magnet will be used 
determines whether a large coil will be required, which may be 
operated continuously with a minimum temperature rise, or 
whether there is required a coil which will be used only occasion- 
ally, perhaps only for a few seconds at a time, which must be 
compact and cheap, and for which it is possible to allow a high 
temperature rise in order to assist іп achieving these given 
conditions. 

The usual method of calculation of a winding involves as- 
suming an outside diameter of winding; calculating the proper 
wire size based on this diameter, to give the required ampere- 
turns in the coil; calculating the resistance of the coil wound 
to this assumed outside diameter with this size of wire; and 
finally, from resistance and voltage, calculating the power con- 
sumption of the coil. A comparison of this power consumption 
with the radiating surface of the coil, in the case of coils for 
continuous service, or with the weight of copper in the coil, in 
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the case of coils for intermittent service, shows whether the 
assumed outside diameter was correct. If not, another outside 
diameter is assumed, and the calculations repeated until a 
diameter is found for which the watts per square inch of radiating 
surface, in the case of coils for continuous service, or the tem- 
perature rise of the coil due to the heat absorbed, їп the case 
of coils for intermittent service, is such as to meet the conditions 
of the problem. 

It is easily realized that this method of design involves con- 
siderable laborious calculation, and that it has the objectionable 
features inherent in any form of cut and try calculation. 

In the formulas deduced in this paper there is one variable 
to be assumed, namely, the value of & for the assumed wire size. 
Аз will be shown later, this quantity varies so slowly that it may 
be considered constant within 
the limits which a little prac- 
tise will give to the first as- 
sumption. 

Fig. 1 shows a partial sec- 
tion of a winding. Each wire 

in the section is represented 
600000 by two concentric circles, the 
inner black circle representing 
the copper in the wire, the 
bare wire, and the outer circle 
representing the outside circumference of the insulation on 
the wire. If we let d equal the diameter of the bare wire, 
and d’ equal the diameter over the insulation, both di- 
mensions being in inches, then the part of the winding area 
occupied by the insulated wire is proportional to 4”, and the 
Part of the winding area occupied by the bare wire is proportional 
to 0. Then k may be defined as the ratio of the area occupied 
by the insulated wire to the area occupied by the bare wire, or 


Fic. 1--Равтілі. SECTION OF A COIL 


d" 

Е = ud 
Fig. 2 gives curves for k for the different kinds of insulation. 
It will be noticed that the curves are nearly horizontal for the 
larger Sizes of wire, but rise rapidly for the smaller sizes, the 
amount of rise being greater for the coarser insulations. This 
means that the coarser insulations occupy considerably more 
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space, in proportion to the size of the wire, than do the finer and 
thinner insulations; but for the larger sizes of wire the difference 
is not very great. Hence for a large wire coil the size of the coil 
is not materially affected by the kind of insulation on the wire, 
but for a small wire coil the coarser insulations will require a 
much larger coil than the finer insulations. 

The per cent of the winding space occupied by the insulation 
increases rapidly for any of the kinds of insulation at points 


above the knee of the curves, and hence it is not, as a general | 


VALUES OF K 


rule, economical to use any of the kinds of insulation at points 
much above the knee of the curve. 

If the outside diameter of the insulated wire was in direct 
ratio to the diameter of the bare wire, the value of k would be 
constant, the & curves would be horizontal, straight-line curves, 
and our formulas would be entirely rational. However, for 
mechanical and commercial reasons, this condition is not at- 
tained or desired in practise. The proportion of insulation on 
the smaller sizes of wire must be greater than on the larger 
sizes of wire in order to give sufficient mechanical strength to 
the insulation. If the larger sizes of wire were insulated in 
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proportion to the smaller sizes, the insulation thickness for the 
larger sizes would be greater than required, and it would require 
a larger bobbin to hold the same number of turns of wire. 

The reciprocal of k, sometimes called the space-factor of the 
wire, represents the volume percentage of conductor in an 
insulated wire, in other words, the efficiency of space utiliza- 
tion of the wire. 

While the value of k for the different sizes of wire does vary 
for the reasons stated above, it will be noticed from Fig. 2 that 
the variation is gradual for any kind of insulation below the 
knee of the curve. The value of k may, for practical purposes, 
be considered constant for wires not more than three or four 
numbers apart, and an error of several numbers in the assumed 
wire size value used in the formulas will not affect the practical 
accuracy of the results of the calculations. 

The principal source of variation in winding calculations is 
due to the fact that wire can be commercially obtained only in 
certain diameters as represented by the wire gage. It usually 
happens that the theoretical wire size found by the calculations 
will fall between two of the commercialsizes. Ifthe next smaller 
Size is taken the resistance of the coil will be greater than de- 
sired, and the ampere-turns, and hence the pull, smaller than 
required. If the next larger size of wire is taken, the resistance 
of the coil will be less than calculated, and the ampere-turns 
and hence the pull greater than required. The next larger 
Size is always taken in order to be sure of sufficient ampere- 
turns, unless it is known that there is sufficient margin in the 
ampere-turns called for in the statement of the problems to 
allow for the decreased ampere-turns resulting from using the 
smaller size of wire. 

The formulas and charts derived in this paper will be found 
to simplify the work of calculation to a great extent and to eive 
results well within the limits of accuracy attained in manu- 
facture. 

The paper is divided into three parts, namely: I. Theory. 
П. Examples and discussion. III. Abstract of working formula. 

It will be noted that the third part of the paper is a “ Stand- 
ard Instruction " for the design of a coil, giving the necessary 
formulas in the order in which they are to be used. This saves 
Бот through the theory for every design to pick out the work- 
ing formula, | 
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NOTATION | 
= Œ? Pa = constant at given temperature, а deg. cent., for 
all sizes of wire. 
C25 = 10.575 X 108 
Сз» == 12.618 X 10-5 
mean diameter of coil. Inches. 
inside diameter of coil. Inches. 
outside diameter of coil. Inches. 
Use вари in place of diameter for other than round 
coils. 
diameter of bare wire. Inches. 
diameter over insulation of insulated wire. Inches. 
voltage applied to coil. 
current. Amperes. 
(d' /d)? = practically a constant for adjacent sizes of wire. 
length of coil. Inches. | 
watts applied to coil. 
watts per square inch of radiating surface — а 
Р 
watts рег pound of copper = iV 
resistance of coil at a deg. cent. Ohms. 
resistance, ohms per mean turn of coil at a deg. cent. 
resistance, ohms per foot of wire at a deg. cent. 
radiating surface. Square inches. 
time required for temperature rise of coil. Seconds. 
temperature rise of coil in degrees centigrade. 
rate of temp. rise of coil in deg. cent. per second. 
weight of copperin coil. Pounds. 
weight of insulated wire in coil. Pounds. 
weight per foot of bare wire. Pounds. 
weight per foot of insulated wire. Pounds. 
number of layers of wire in coil. 


I. THEORY 


It is assumed that the data of the magnet are known, and 
that the character of the bobbin has been decided upon. This 
then determines for the coil the ampere-turns, and the length 
and inside diameter of the winding. There must also be given 
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the applied voltage on the coil, and the character of the service 
for which the coil is to be used, whether continuous or inter- 
mittent. 

For continuous service the limiting capacity of a coil is its 
ability to dissipate the PR heating. The internal cylindrical 
surface dissipates heat by radiation through core and frame; 
the external cylindrical surface by direct radiation. Radia- 
tion from the ends of the coil does not affect the hottest part 
of the winding except for unusually short coils (L not much 


greater than /) and will not be considered here, hence we can | 


say 


S=2r DL (1) 


For the average coil a radiation of 0.4 watt per square inch 
(0.062 watt per square centimeter) may be allowed for about 
40 deg. cent. temperature rise, or P, = 0.4. | 

For intermittent service the limiting capacity of а coil is its 
ability to absorb the I?R heating. Опе watt-second = 0.000527 
pound-calories; the specific heat of copper is 0.0951. (It re- 
quires 0.0951 pound-calories to raise the temperature of one 
pound of copper one deg. cent.) Since electric energy applied 
equals heat energy absorbed, we can say 


P X s X 0.000527 = 0.0951 X W x 0 (2) 
P P 
whence 0, — 180 W = 180 (3) 


For a coil operated at rare intervals we can allow a higher 
temperature rise than for a coil operated more frequently. 
This means a lighter and cheaper coil, and the value of 9, 
and of P, is larger. The coil deteriorates more for each opera- 
tion, but the operations are fewer. For a conservative rating 
we may assume a temperature rise of 80 deg. cent. at the end 
of 120 seconds, then 


80 


0. = 120 


= 0.67 deg. cent. рег second. 


The actual final temperature of the coil will be somewhat less 
than assumed, because the calculations are based on the initial 
resistance at 25 deg. cent., while, as the coil heats, the actual 
resistance is increased and the heating correspondingly decreased. 
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No allowance has been made here for radiation, as the amount 
of heat radiated during the short time the current is on the coil 
is negligible. 

It will be noted from formula (3) that heating on intermittent 
service 1S proportional to the heat absorption in watts per 
pound of copper, while heating on continuous service is pro- 
portional to the heat radiation 1n watts per square inch of radia- 
ting surface. | 

There are four steps in the solution of a given problem, 
namely, 

1. From ampere-turns, length of winding, assumed value of 
Р, or 0,, and value of k for assumed trial wire size, find thick- 


ness of coll, 
(a) For continuous service, or 


(b) For intermittent service. 


2. This thickness added to the inside diameter of the coil 
gives the mean diameter of the coil. 

3. From voltage, mean diameter of coil, and ampere-turns, 
find size of wire. It may be necessary to repeat 1, 2, and 3 
if the value of k for this size of wire is much different from 
the value of k for the assumed trial wire size, though there 
may be considerable error in the first assumption of wire size 
without materially affecting the accuracy of the final results. 

4. From size of wire and dimensions of coil find weight and 
resistance of coil, etc. 

These steps will now be taken up separately, in detail. 

1(а). Given NI, L, P,or 0,, and k, to find /, (a) for continuous 
service. (Given P) 


Е? 
Р = CR. (4) 
Е Е 
К, = TUR wr SN (5) 
t L iL 
N = Y X m PL X d = аз (6) 
d? = k X а? (7) 
а = C (8) 
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In terms of the dimensions of the winding, the resistance of 
the winding is equal to the length of the mean turn in feet, 
times the number of turns (this giving the total length of wire 
in the coil) times the resistance per foot of wire, or 


Roa P SON So, ; (9) 


Equating (9) and (Б) and solving for ра gives 


E 1 
X p X "NT (10) 


Starting with formula (4), and substituting therein the 
formulas (5), (6), (T), (8) and (10), in the order given, we obtain 


k Ca T D (NI)? (11) 


and from formulas (11) and (1) we find 


СР вс. (№ 
Р; — 5 == 94 {12 (12) 
hence 
Е C; NI P 
t CAP, | (13) 


For a working temperature of 75 deg. cent. our constant 
Co = С» = 12.613 х 10-5. Substituting this value іп (13) gives 


_ Ё NI 1? m 
t = 0.5255 Р, x Ea x 10 (14) 


This formula (14) is plotted in Chart 1. 
For a value of P, = 0.4, formula (14) becomes 


2 
t= 1314k X [=] х 10-4 (15) 
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Formula (15) shows that the thickness of a coil for continu- 
ous operation is proportional to the square of the ampere-turns 
per inch length of coil, and is independent of the diameter of 
the coil and the voltage. 


1(b). Find Е for intermittent service. (Given 0,) . 
Transposing (3) gives 


Considering a section of a coil as shown in Fig. 1, it will be 
seen that each wire in the coil uses up a space in the section 


y Ж, 
125 
100 0 120: 
1 110 
150 5 100 
4 
200 
5 5610 090 
% 0.80 1r 
: e: 01 9 | | z 
=. | 12.13 o 070 -| 
Q " ы 
21% Zt 02 кл Бей 2 5 
- |— 500 öt 03 © = 
5 [- 600 = | 04 ы =) 5m x 
= 700 2 05 à a © 
ds 5 1 Е 9--Е 
2 1,000 = 2 < 
= = 17 > 
E o 
4 
& 500 5 о 0.40 < 
ы ÙJ 18 о 
& F 2000 > < 
ы 2 
« 
3000 — 19 030 
4.000 
5.000 20 0.25 


CHART 1—THICKNESS OF CoIL—CONTINUOUS SERVICE—DOUBLE- 


COTTON-COVERED ROUND COPPER MAGNET WIRE 


To Use CHART 1, draw a straight line between the selected values of Ps and assumed 
trial wire size (say 0.50 and No. 14), and get the intersection with the dummy axis. Connect 
this point with the value of NI; 1, (say 1500). Тһе intersection with the ¢ axis, which is 
at 3.1 inches, gives the proper chickness of coil. 


of the winding equal to d”; but the actual area of copper in this 


ә 


- 


same space is equal to те. The ratio of the area of copper 


in the section of winding to the area of the winding space in 
2 


T 
аа” 
metrically distributed in the winding space, the ratio of the 


volume of the copper in the coil to the volume of the total 
2 


4 ia 


the section is equal to —. Hence, since the copper is sym- 


winding is the same as the ratio of areas, or is as before; 
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in other words, the actual volume of copper in a winding is 
т 4? 
ағат 

Copper weighs 0.320 pound per cubic inch, so the weight of 
copper in a winding equals 


equal to the volume of the winding space multiplied by 


т 4? 


W = TDtLXmX 0.320 (17) 
2 
= 20807 РЕГ, (18) 


Substituting this value for W in (16), we find 


2 
P= 14.4 Tpi 0, (19) 
Equating (19) and (11) and solving for і gives 
p- ENI ^/ 0.001842 Ca (20) 


L Ө, 


For an initial temperature of 25 deg. cent. our constant С. = 
С» = 10.575 X 1038. Substituting this value in (20) gives 


М ^/ 0.01948 wages (21) 
L 0, 
This formula (21) is plotted in Chart 2. 
For a value of 0, = 0.67, formula (21) becomes 
t =0.170042 17 x 103 ~ (99) 


Formula (22) shows that the thickness of a coil for intermittent 
service is proportional to the ampere-turns per inch length of 
coil; and, as for coils for continuous service, is independent of 
the diameter of the coil and the voltage. : 

2. Find mean diameter of coil. 


D = D;+ t (23) 
3. Given Е, D, and NI, to find size of wire. 
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Formula (10) gives resistance per foot of wire required, 
namely, 


From this the required wire size may be found from the wire 
table. 


Chart 3 is plotted from formula (10), and gives sizes of wire 


P. 6, 
200 11 
№ 0 190 
1 
500 t 2 180 —41 10 
600 01 3 
700 4 170 ы 
— 800 
4 E--900 5.6.10 46 09 5 
ЗЕ 1000 02 ы S e b 
5 3| © 150 © 
1,500 03 ei [- 12.13 9% $ 
БЕ а4 МВТ 5101 Ж 
& -209 > 25 i 2 2 
й) А 
SE зю 9 du “ын (7%; 
2 2 w ` g 07 
- 2 = Е. 8 & 
# E400 SE_y 16 « 120 0678 
РЕ 5,000 5 i E 3 5 
5 I VA a z я 
w [— 7,000 2 z D ы 
e 8,000 am 7 ; = 
— 9000 = 
= Е 10000 3 109 2 
15,000 : т $ 2 
З = : 5.1 05 А 
е о 
20,000 20 г 
= 
80 


04 


CHART 2—THICKNESS OF CoIL—INTERMITTENT SERVICE— DOUBLE- 


COTTON-COVERED ROUND COPPER MAGNET WIRE 


To use CHART 2, draw a straight line between the selected values of 05 and assumed 
trial wire size (say 0.67 and No. 19), and get the intersection with the dummy axis. Connect 
this point with the value of NI/L (say 1500). Тһе intersection with the ¢ axis, which is 
at 0.4 inch, gives the proper thickness of coil. 


for 25 deg. cent., and for 75 deg. cent. For other temperatures 
remember that a change of temperature of 66.4 deg. cent. will 
make a percentage change in resistance equal to the difference 
between two consecutive sizes of wire (for example a No. 10 
wire at 20 deg. cent. and a No. 9 wire at 86.4 deg. cent. will 
have the same resistance),so add approximately 0.1 wire size 
to the value obtained from Chart 3 for each increase in 


temperature of 6} deg. cent., or substract for decrease in tem- 
perature. 


Digitized by Google 
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If the wire size found above 1$ much different from the as- 
sumed trial wire size, it is advisable to repeat steps 1, 2, and 3, 
using this new wire size as the new assumed trial wire size. 

A coil may be desired to replace a given coil, but to operate 
on a different voltage. Formula (10) shows that when D and 
NI are constant, the size of wire, represented by р. the resist- 
ance per foot of wire, varies directly with the voltage. Thus 


А for а coil to operate on doubled 
© 2 voltage with no increase in the 
100.000 и ampere-turns, the size of wire 
ie Aa E à ; should be selected to have 
605 Е га 15 double the resistance per foot 
ee е 52-6 b 73g ОЁ wire used in the original coil. 
SEA 8 re E 31% The power consumption of the 
| Я 9—05 5 coil will change in proportion 
11d = я 
„E 40000 in 25 5 44 to the change in the value of k, 
Е ЕзГиЁ 7-43 ав may be seen from an exam- 
d $u 15 = = А А 
оо 15-165 x»-j4 ination of formula (11). It may 
© 16 Gi 
3 sU-Li i46 be necessary to recalculate the 
E». ЮЕ e jg сой for a different mean di- 
"M a 72 ameter in order to keep the 
0 2 heating within safe limits. 
5,000 . А А 
x It is an interesting and valu- 
| s able property of the B. & S. wire 
10000 : gage, that the area, and hence 
:300 the resistance of the wire, 15 in- 


CHART 3—WIRE SIZE FOR Соп, creased or decreased 10.164 
— DouBLE-COTTON-COVERED times for increase or decrease of 
RouNpD COPPER MAGNET WIRE { b { р D t 

To USE CHART 3, draw а straight line be- en numbers oi Wire. ue to 


tween the selected values of NI and E/D 
(say 15,000 and 35), and get its intersec- the fact, as stated before, that 


Hom ai the center any are каана the calculated wire size asually 
ое. comes between the commercial 
sizes of wire, whereas we must use the commercial sizes, we can 
for practical purposes consider this factor exactly 10; then in- 
creasing the wire size ten numbers will increase the resistance 
ten times, and vice versa. 

An examination of formula (10) will show that if the ampere- 
turns, or the value of E/D, be divided by ten the value of p, 
will be multiplied by ten, or we would require a wire ten sizes 
smaller. If the ampere-turns or the value of E/D be multiplied 
by ten, we would require a wire ten sizes larger than the formula 


calls for with the original values of these quantities. This 
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relation is of value when it 15 desired to use Chart 3 for values 
of ampere-turns, or of E/D, which fall beyond the limits of the 
scales of the chart. For example, in designing a coil for 5000 
ampere-turns, enter the chart on the ampere-turns scale with 
50,000 ampere-turns, and then use a size of wire ten sizes smaller 
than given by the chart. 

4. Find weight and resistance of coil, etc. 

Substituting in formula (9) the value of 


N= УХ = from formula (6), gives, for the resistance of a 
coil, 
тр L 
К, = 712 x YX “а” X Pa 
=x DYL*X (24) 
~ 12d' Pa 


In formula (24) we have expressed the resistance of the coil as 


the product of the length of wire in the coil, 2. X Y, times 


the resistance per foot of wire, os. In a similar manner we сап 
express the weight of copper in the coil, and the weight of in- 
sulated wire in the coil, as the product of the length of wire in 
the coil times the weight per foot of the bare wire, or of the 
insulated wire, thus: 


D 
W= 7x xYxw 
us ГА 
= pgg ХРҮІхи (25) 
and И" = их РУЁ хш (26) 


In the preceding calculations а perfect winding has been аз- 


sumed as expressed by formula (6), namely, N = = 
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With the larger sizes of wire, where the turns lie in even layers, 
the actual thickness of the coil may be slightly less than the 
figured thickness, due to embeddiny. For example, sixteen 
layers of No. 8 «с.с. wire (d’ = 0.142 inch) would give a 
figured thickness of coil of 2.27 inches, whereas an actual coil 
with this winding had an actual thickness of two inches. The 
error due to embeddiny is on the safe side, as embedding will 
reduce slightly the resistance of the coil, and hence the actual 
ampere-turns will be greater than the ampere-turns calculated 
with no allowance for embedding. 

With the smaller sizes of wire, where it is difficult to wind the 
wire in even lavers, the actual thickness may be greater than the 
figured thickness, this variation depending to a great extent on 
the skill of the operator, except for special machine-wound coils. 

It will be noted that the variations mentioned above, due to 
embedding or haphazard winding, will not affect formulas (10), 
(24), and (25), if the actual values of D are used therein. 

The numerical constants in the preceding derived formulas are 
given to four significant figures. Four significant figures repre- 
sent a greater degree of accuracy than 1s obtained in practical 
work, but are necessary if the formulas be used as a basis for other 
calculations, in order that these calculations agree with one 
another. Bare wire constants used in the formulas are from 
Circular 31, U. S. Bureau of Standards; insulated wire constants 
from Roebling's tables. 


II. EXAMPLES AND DISCUSSION 


Example 1. Find the winding to give 15,000 ampere-turns at 
120 volts, for a coil of inside diameter of 3 inches, and length 
of 10 inches; coil to be in service continuously. А radiation of 
0.5 watt per square inch of radiating surface may be allowed. 

Wethushave 


Dj; = 3 inches 

NI = 15,000 ampere-turns 
L = 10іпсһев 

E = 120 volts 

P, = 0.5 


We will use 4. с. с. wire, and for the assumed trial value will 
use No. 14 wire, for which Fig. 2 gives k = 1.30. 
The solution is then as follows: 


1. Find thickness of coil. 
Formula (14) ог Chart 1 gives? = 3.1 inches, 


2610 HEDGES: ELECTROMAGNET WINDINGS [Мау 18 


2. Find mean diameter of coil. 
D = 3 + 3.1 = 6.1 inches. 
3. Find wire size. 


Formula (10) gives po}, = 0.00508, and for this value the wire 
table gives No. 16 as the nearest wire size; or, Chart 3 gives wire 
size as No. 16. 

Repeat above steps 1, 2, and 3, and we find: 


t = 3.3 inches, thickness of coil. 
D = 6.3 inches, mean diameter of coil. 


Wire size = No. 16 as before. 
4. Find weight and resistance of coil, etc. 
First, find number of layers, number of turns per layer, and 
total number of turns in the coil. For No. 16 d. c.c. wire, the 
wire table gives: 


4’ = 0.060 inch diameter over insulation. 
0.004884 ohm per foot of wire. 

0.00782 pound of copper per foot of wire. 
w’ = 0.00817 pound per foot of insulated wire. 


3.3 
0.060 


“о 
ga 
uU M 


Hence, Y = = 55 layers. 
10 


0.060 ^ 196 


Turns per layer — 


N = 55 X 166 = 9130 total turns in coil. 
Then from formulas (24), (25) and (26), . 


T 
шы жене Е s. 
Ris 12 x 0.060 х 55 X 6.3 X 10 X 0.004884 = 73.8 ohm 
W = ——™ ___ Х55 X 6.3 10 X 0.00817 = 124 Ib. 
12 X 0.060 | of insulated wir: 
T 
W = ————. X 55 X 6.3 Х 10 XxX 0.00782 = 11816. . 
12 X 0.060 of copper in co 
120 
I = 53 8 = 1.63 amperes. 
Р = 12) X 1.63 = 196 watts. 
NI = 9130 X 1.63 = 14,900 ampere-turns. 
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The ampere-turns calculated agree very closely with the am- 
pere-turns specified in the conditions of the problem. This 1s 
due to the fact that the calculated wire size happened to be 
almost exactly a commercial wire size. 

Example 2. Find the winding to meet the same conditions 
as the coil above, except to be operated on intermittent service, 
such that we will allow a temperature rise of 80 deg. cent. at the 
end of two minutes. We thus have 


Dj; = 3 inches. 
NI = 15,000 ampere-turns. 
L = 10 inches. 
Е = 120 volts. 
80 
0, — 120 = 0.67 


We will use d. c .c. wire, and for the assumed trial value will use 
No. 14 wire, as before. The solution is then as follows: 


1. Find thickness of coil. 

Formula (21) or Chart 2 gives і = 0.33 inch. 
2. Find mean diameter of coil. 

D = 3+ 0.33 = 3.33 inches. 

3. Find wire size. 


Formula (10) gives p25 = 0.009176, and for this value the wire 
table gives a wire size half way between No. 19 and No. 20, 
which we will call No. 19.5 wire size; or, Chart 3 gives wire size 
as No. 19.5. 

Repeat above steps 1, 2 and 3, starting with No. 19 wire size 
(the next larger size to our calculated value) and we find 


t = 0.4 inch, thickness of coil. 
D = 3.4 inches, mean diameter of coil. 


Wire size = No. 19.4;the next larger commercial size is No. 
19, which we will use for the coil. 

4. Find weight and resistance of coil, etc. 

First find number of lavers, number of turns per layer, and 
total number of turns in the coil. For No. 19 4. с. с. wire the 
wire table gives: 


4’ = 0.045 inch, diameter over insulation. 
0.00821 ohm per foot of wire. 

w = 0.00390 pound of copper per foot of wire. 
= 0.00415 pound per foot of insulated wire. 
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Hence jus UE = 8.9, say 9 layers 
шыпта ыда 
Turns laver = as = 223 
Tus PRESSE = 0.045. 7 


N = 9 X 223 = 2007 total turns in coil. 


Then from formulas (94), (25), and (26), 


т 
Къ = jz x goz X 9 X 94 X 10 X 0.00821 = 14.6 ohms. 
Bs T _ 
W' = iz x gog X 9 X 94 X 10 X0.00415 = 7.39 pounds 


of insulated wire. 


т = LL. x 9 x 3.4 х 10 x 0.00390 = 6.94 pounds 
12 X 0.045 of copper in coil, 
120 
I = 16 = 8.23 amperes. 
P = 8.23 X 120 = 9.88 watts. 
NI = 2007 x 8.23 = 16,500 


This value of ampere-turns is higher than the value given 
in the conditions of the problem. This is due to the fact 
that the calculated wire size was No. 19.4, half way between 
two commercial wire sizes. We used the next higher wire 
size, No. 19, giving ampere-turns higher than called for; had 
we used the next smaller size, No. 20, the ampere-turns would 
have been less than called for. 

Comparing the two coils calculated in the two examples 
above, both coils giving practically the same ampere-turns at 
the same voltage, we have for intermittent service, a coil of 
7.4 pounds of No. 19 d. c. c. wire with a power consumption of 
988 watts; for continuous service, a coil of 124 pounds of No. 
16 d. c. c. wire with a power consumption of 196 watts. 

The coil for intermittent service is just large enough so that 
the amount of copper in the coil will absorb the heat energy 
without undue temperature rise. The coil for continuous ser- 
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vice is much larger, as it is necessary to reduce the heat energy 
generated by increasing the resistance of the coil, and to іп- 
crease the radiating surface of the coil bv making it larger, 
until the heat generated per square inch of radiating surface is 
a safe value. 

The size of a coil required for continuous service may be re- 
duced by using heat-resisting insulation, thus allowing a higher 
running temperature, or by a design of magnet which will give 
increased radiation without increasing the running temperature. 


III. ABSTRACT OF WORKING FORMULAS 


Given NI, Dj, Г, E, assumed value of P, ог 0,, and value of 
k for assumed trial wire size (see Fig. 2). (For the average 
coil we may take P, — 0.4; and 0, — 0.67). 


1. Find ¢. 


(a) For continuous service. 


2 
К k NI Е 
t= 0.5255 -р- X [ 7 ] х 10 (14) 
or use Chart 1. 


(b) For intermittent service. 


k NI A/0.01948 | 


2 Мата ан. = 
t т 9. x 10 (21) 
or use Chart 2. 
2. Find mean diameter of coil. 


3. From the wire table find the nearest wire size corres- 
ponding to the value of 


EN 
NI 


ы- XT х (10) 


or use Chart 3. 
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Repeat steps 1, 2, and 3, with the above as assumed trial wire 


size, if the first assumed wire size is more than two or three 
numbers different from the above value. 


4. Find weight and resistance of coil. 


T | 
Кв = рә ХРУЁХ ра (24) 
т > 
та , 
W'-qapXDYLXw (26) 
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DIscuSSION ON ' THE EFFECT OF MOISTURE IN THE EARTH 
ON TEMPERATURE OF UNDERGROUND CABLES ” (IMLAY), 
New York, FEBRUARY 17, 1915. (SEE PROCEEDINGS 
FOR FEBRUARY, 1915). 

(Subject to final revision for the Transactions.) 

Charles W. Davis (by letter): Soil temperature plays such 
an important part in determining the limiting load on cables, 
that any information bearing on this subject is particularly 
desirable. An excellent starting point for discussion of the sub- 
ject would seem to be afforded by the work of Professor H. H. 
Callendar. I ventured to call attention to the investigation at 
the June, 1913 meeting of the National Electric Light Associa- 
tion. (See discussion of Mr. Abbott’s Report for The Under- 
ground Committee, Proceedings National Electric Light Associa- 
tion, page 673). And I refer to it ayain because it throws con- 
siderable light upon the effect of water percolating through the 
soil—an effect which Mr. Imlay has so skillfully made use of in 
a practical way; and also because it points out the errors which 
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may arise in the determination of soil temperatures at various 
depths. 

The curve shown in Fig. 1 is compiled from data taken in 
Pittsburgh, by a method which I assume is similar to that used 
by Mr. Imlay. 

The thermometer was located in a vertical tube of micarta, 
the bulb of the thermometer being three feet below the surface 
of the soil. The soil surface was gravel mixed with sand and 
clay. The thermometer was located about twenty feet away 
from the northeast wall of a two-story brick building. The 
micarta tube was driven into the earth so as to make as close 
Contact with the soil as possible, and the top of the tube was 
Covered by a protecting hood several inches in diameter. The 
tube above and around the thermometer was filled with cotton 
to prevent convection currents. I mention these details to show 
that considerable effort was made to minimize the errors which 

allendar refers to as attendant upon this method, on account 
of water following the contact surface between tube and soil; 
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and on account of the conduction of heat by the vertical ther- 
mometer tube. 

The percolating of water downward along the surface of the 
tube results in unduly low readings after a cold rain or unduly 
high readings after a warm rain. 

I am satisfied that in spite of such precautions as were taken 
the readings in the winter months as shown on the chart I present, 
are considerably lower than actually existed in the soil at the 
same depth, but far enough away to be unaffected by the errors 
due to percolating water, and conduction of heat upward along 
the thermometer tube. 

It would be interesting to know from Mr. Imlay what pre- 
cautions if any were taken to prevent a similar error in his 
determination, the results of which are represented in the lower 
curve of Fig. 3 of his paper. 

The results of Callendar’s work, and data at hand from other 
sources, make it obvious that the surface of the soil plays an 
extremely important part in the temperature reached beneatt: 
the surface. If the percolation of water is prevented—as by ап 
asphalt, belgian block, or tar-macadam street surface—the 
temperature of the soil at conduit depths will be very different 
from what it would have been had the surface been of gravel or 
sand. Besides, the amount of sunlight which falls upon the 
surface plays an important part, and the cloudiness or clearness о! 
the atmosphere—clouds at night very materially cutting down 
the cooling of the soil due to direct radiation. 

Callendar presents data on the effect of a heavy layer of snow 
in keeping the undersoil warm in winter; and on the cooling 
effect of the earth's radiation during clear nights. 

Where ducts are located in closely built up city streets, whose 
exposure is such that the street surface gets directly, or by reflec- 
tion from the neighboring buildings, the maximum of sunlight. 
and where the street surface 1s of asphalt or of other waterproof 
material, it is highly probable that the soil temperature at three 
feet below the surface at the end of December is not much below 
90 to 60 deg. fahr., in such cities as New York, Philadelphia and 
Chicago. Thisis considerably above the December maximum of 
3 deg. cent. (34 deg. fahr.) shown for December by Mr. Imlay’s 
curve, or 42 deg. fahr., shown on the curves I present. To be 
conservative in the operation of cables in or around the holiday 
season requires, I believe, a recognition of the fact that these 
higher minimum soil temperatures may prevail. 

It may be worth while noting that Callendar avoided diffi- 
culties attending the use of vertical thermometer tubes, by dig- 
ging a vertical trench, and then inserting the resistance ther- 
mometers at the extreme end of a half-inch diameter horizontal 
hole bored for a distance of three feet into the sidewall of the 
trench, the trench being carefully filled in afterward. 

H. W. Fisher: Mr. Davis’ curve is in general form like the 
curve shown by Mr. Imlay. The maximum temperature of 
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68 deg. fahr. was on August 11; the minimum temperature of 
37 deg. fahr. was on March 21. In these curves there is a differ- 
ence between the curve of minimum and maximum for each day 
of six degrees in some cases, showing there were causes for such 
changes. 

W.S.Clark: There is one thing I am quite interested in, and 
that is in what month of the year the curve given in Fig. 5 was 
made. It is quite interesting to know whether that is a winter 
or a summer curve. 

The other thing that struck me, without having made any 
of these measurements—and I do not live as far north as Niagara 
Falls—is the fact that we have water-pipes freeze solid at a 
depth of over three feet, which would indicate that we get mini- 
mum temperatures at some places of a little below zero: Five 
above zero is the last point, the lowest point here on this curve 
Fig. 3; and it seems as if the lowest temperature would go below 
that in some of the northern cities. 

A number of years ago the Chicago Edison Company connect- 
ed its Harrison Street Station to its still older Adams Street 
station by a tunnel under the Chicago River. The loads in- 
creased and they had to have greater carrying capacity right away. 

The company had been in the habit of pumping waterout ofthis 
tunnel, so one engineer said, ‘‘ Suppose we pump water into the 
tunnel." This was done, and it was very successful in reducing 
the temperature. 

Some St. Louis records taken in July show a minimum duct 
temperature of 40 deg. cent., and the maximum of about 45 
deg. cent., over a 24-hour run; and on a perfectly clear day of 
bright hot sunshine. The street was paved with Belgian block, 
and the variation of temperature in 24 hours was very small. 

These data point to two things: One is the desirability of 
having a weatherproof duct—a waterproof duct. With a water- 
proof duct you can have your soil outside as wet as you please, 
and get rid of your heat that way without risk of electrolysis; 
or you can pump water through your ducts and not lose the water. 

Now, I do not think anv of the multiple-tile ducts could be 
made waterproof enough to circulate water through them and 
have it come out at the other end of the line. 

The second thing 1$, when vou come to handle large units of 
power you must push the e.m.f. up to keep your investment in 
copper and ducts somewhere within reason. 

J. P. Wintringham: There is one item perhaps theoretical 
rather than practical that I think would be of interest to bring 
into the proceedings at this point; and that is, that at very low 
temperatures the resistance of pure metals, notably lead and mer- 
cury, becomes very small. 

At a temperature of about 4 deg. absolute, mercury seems to 
loose all its resistance, and a thread one millimeter in diameter 
will carry one thousand amperes without any signs of heating. 
These experiments of Kamerlingh Onnes will be found in the 
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publications from the Physical Laboratory of the University of 
Leyden, but they may have been carried on in Pittsburgh. 

Philip Torchio: From the standpoint of the subject of this 
paper high tension cables have greater limitations on account of 
the losses in the dielectric being considerably higher than in lower 
voltage cables. It must not be forgotten in considering a cable 
system that the temperature due to losses in dielectric is rela- 
tively of secondary importance with low tension cables. I 
mean such cables operating up to, say, 2200 volts. 

As Mr. Fisher has called attention, the Underground Commit- 
tee of the National Electric Light Association has given consider- 
able thought to the same subject. One of the Member-Compan- 
ies reported that, on account of heating of cables in ducts, they 
had to reduce the load in summer to one-half the safe carrying 
capacity of the cable in winter time. For that reason, instead 
of building subways with a great number of ducts bunched to- 
gether, they are trying to build the new extensions in vertical 
lines of ducts, with intervening space of earth, so that each duct 
is on two sides surrounded with earth. 

In the former instance the lack of dissipation of heat was due 
to the drying-up of the surrounding earth, which became a heat 
insulator around the bank of ducts. 

The possibility of using water from the street seems impracti- 
cable tome. The plan of pumping water through the ducts, as 
suggested by Mr. Clark, may have some merit. 

C. A. Adams: The information contained in this paper is 
very valuable, but still somewhat empirical. If we knew the 
thermal conductivity and the specific heat of various kinds ОЁ. 
soil with various degrees of moisture, it would be possible to 
compute the temperature of an underground conductor under 
any specified conditions with a fair degree of accuracy, even 
including the time element. If the results of tests such as here 
recorded could be reduced to such fundamental terms, it would 
vastly extend their range of usefulness. 

W. S. Franklin: I think it would be well to determine the 
thermal conductivity of the soil under different conditions. 
Something along this line was done thirty-five or forty years ago 
as a preliminary to the calculations by Lord Kelvin of the rate of 
cooling of the earth; and no doubt one could get some important 
data by looking back to this early work of Lord Kelvin. 

In any actual measurements the difficulty is to know the 
varying moisture content of the ground. The United States 
Department of Agriculture has developed a satisfactory method 
for following the variation of moisture in the soil without dis- 
turbing the soil, by placing in the soil at a fixed distance apart 
two small electrodes and determining the electric conductivity 
of the soil. The results so obtained are interpreted as moisture 
content on the basis of empirical tables previously determined. 

P. W. Sothman: In connection with this subject, Ithink we 
should have another line of investigation carried through with 
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conduits that are entirely porous as compared with conduits 
that are either glazed or unglazed. 

In European countries, underground svstems are invariably 
installed with non-glazed conduits made of concrete or cement. 
One of the great claims put forward in favor of unglazed conduits 
is good radiation of heat from cement conduits. In some tvpes 
of conduits, air-spaces are provided in the walls as illustrated in 
the accompanving sketch. 

It has been found that the heat radiation from these unglazed 
tiles or conduits is much greater than for the glazed types. From 
this point of view, it would be verv interesting to compare Mr. 
Imlav's investigation with the results obtained abroad. 
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George ЇЧ. Lemmon: In connection with the conductivity 
of heat and its dissipation through the earth, a rather interesting 
thing occurred in Youngstown, Ohio, several vears ago. 

At one of the old stations the negative return from the rail, 
left the rail in the street and went through the car-barn floor to 
the switchboard in the power house. The floor of the car-barn 
was earth with some ashes mixed with it. In the course of years 
1t had become extremely dry—there was not even moisture from 
washing the cars. The circuit was interrupted one night due to 
а fusing of the cable inthe car-barn floor. This was due to the 
dryness, for out under the sidewalk where the earth was moist 
there was no trouble. 

It was a decided example of the difference in heat conductivity 
between dry soil and soil slightly moistened. 


le, 
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DISCUSSION ON ‘‘ COMPARISON OF CALCULATED AND MEASURED 
Corona Loss Curves ” (PEEK), Мем YORK, FEBRUARY 
17, 1915. (ЗЕЕ PROCEEDINGS FOR FEBRUARY, 1915) 
(Subject to final revision for the Transactions.) 

J. B. Whitehead. Mr. Peek states that in the case of clean 
wires his losses would begin at the voltage Е,, rising abruptly 
from 0 to the values shown for their voltages on the curves. As 
I understand it this voltage E, is that at which corona breaks 
out on clean wires and is calculated from the now well known 
expression involving the diameter of the wire and the distance 
between wires. 

We are indebted to Mr. Peek for many valuable observations 
on corona losses. Engineers must, of necessity, turn to his 
work in their provision against this important limitation of high 
voltage transmission. He has from a large number of curves 
deduced the empirical formula given in the paper for calculating 
values of corona losses. 

Mr. Peek notes, as already stated, that the loss on smooth 
wires would begin at the voltage E, rising rapidly from 0 value 
to that given by his curves of observation. He finds, however, 
in his curves from observation the loss continues below the 
voltages Eg which are lower than E, by varying amounts. Mr. 
Peek tells us that these losses below the voltage E, are due to 
dirt and other surface irregularities. If I understand his paper 
correctly it is his claim that these irregular losses, due to imper- 
fections, may also be calculated by means of his formula. I 
should like.to ask Mr. Peek why if these losses below Е, are due 
to such indeterminate factors, we should attempt to tie them 
in with a definite law. As a matter of fact, the curves of ob- 
served losses below E, as given by Mr. Peek do not appear 
to have any definite relation whatever to the calculated curve. 
In Fig. 1, the observed losses extend far below the value Eo, in 
Figs. 2 and 3 they start well above Ea, in Figs. 4 and 5 they 
again start below Еа. In Figs. 6 and 7 we cannot tell where they 
cross the 0 line, although in the latter case we have evidence 
of most erratic behavior. 

I heartily concur with Mr. Peek that on clean wires there 
would be no loss below the critical corona forming voltages 
E, Indeed all measurements of precision prove this beyond 
doubt. I should much prefer, however, to take care of the ex- 
istence of losses in actual transmission lines at voltages below 
E, by the use of an engineering factor of safety rather than by 
any attempt to include indeterminate and variable factors in 
a rigid formula. 

In my opinion the losses on smooth wires would begin at 
Е», пої with a sudden increase to a value represented by any one 
of Mr. Peek’s curves, but from 0 rising gradually and in a uni- 
form curve and perhaps coinciding with Mr. Peek's curve at 
some voltage well above E.. The entire area between this theo- 
retical curve and a curve of observation as given by Mr. Peek 
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would then be due to surface irregularities, weathering, etc. 
This area would therefore vary widely in different circumstances, 
and its influence on design should therefore be taken care of 
by a factor of safety. 

Philip Torchio: I ask Mr. Peek if the law of 30 kv. per cm. 
gradient would hold in layers of insulating materials where the 
distances may be very small. 

Е. W. Peek, Jr.: I would like to state again that the calcu- 
lated losses and the losses measured on practical lines cannot 
be expected to check exactly, especially on the lower part of 
the curve. This is so because of the difficulty of making such 
measurements on long practical lines. It is generally necessary 
to make these measurements on the low side of the step-up trans- 
former, the wave shape, barometric corrections, etc., are not 
always actually known. Тһе check obtained here is as close 
as the accuracy of the measurements on practical lines permits. 

The disruptive critical voltage, ео, which Dr. Whitehead has 
referred to in his discussion, was not determined by a single 
reading on the unstable part of the curve, but it was determined 
from readings extending over the whole curve. Hundreds of 
corona loss curves were carefully made on the experimental 
line. These curves were measured on the high side, and all 
corrections were actually known. It was found that above the 
visual critical corona voltage these curves obey a quadratic law 
thus; | 


p = k (е— eo)? 


Therefore, if Vp and e are plotted a straight line cutting the 
e axes at eo results. Thus, as already stated, eo was not deter- 
mined by a single reading on the lower part of the curve, but by 
the whole curve over a range of voltage in some cases as much 
as 20 times as high as the critical voltage. The gradient cor- 
responding to the ео voltage is always 30 рег kv. cm. maximum, 
the strength of air. Losses at the lower part of the curve are 
fully discussed in my papers. 

Mr. Torchio has asked if the voltage gradient required to 
Start corona, or cause spark-over at very small spacings, is 
greater than at large spacings. The apparent strength of air 
increases very rapidly after the spacing is decreased below a 
given minimum value. The minimum value dpends upon the 
shape and size of the electrodes. For spheres it is 0.54 VR 
cm., where К is the sphere radius in ст. This subject is fully 
discussed in my paper of June, 1913. 
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DISCUSSION ON “ ELECTRICAL PORCELAIN,” (CREIGHTON), NEW 
Уокк, FEBRUARY 19, 1915. (SEE PROCEEDINGS FOR 
May, 1915.) 

(Subject to final revision for the Transactions.) 

А. О. Austin: The oldest impact method used in testing 
insulators is probably that of suddenly throwing in the switch 
` on the primary of the testing transformer. This is rather un- 
certain, but usually results in a rather severe surge or suddenly 
impressed voltage on the insulator, and will puncture material 
which can not be weeded out where the voltage is held on con- 
tinuously even at the point of flashover. 

Where the voltage rises very suddenly, there is not time for 
the shunting corona or streamers on the insulator to build up, 
consequently, insulators of very poor design are likely to have 
very severe stress thrown upon them before they will arc to 
flash over, and limit the voltage. 

This method was used quite extensively in 1904 and 1905, 
but it was later found that the same results could be obtained 
by running the alternator on a weak field, so that the arc would 
snuff out when an insulator or part spilled. When a part arced 
over, surges were set up, and it was comparatively easy to 
make these tests so severe that material which would show no 
apparent weakness at normal frequency could be practically 
all eliminated on this test. 

It was not uncommon several years ago to see 50 per cent of 
the material fail under this condition of test, although the ma- 
terial had previously passed a long time test just below flashover 
at normal frequency. The capacity and reactance of the test 
pans and leads, together with the poor regulation in the alterna- 
tor, are all that is necessary to make this a very effective test. 
The flashover of the insulators produces considerable noise, 
and unless the room is well ventilated, the ozone and other 
compounds formed make it very difficult for one to breathe. 

This method of testing has been in constant use since the 
latter part of 1905, and I believe is one of the best high-fre- 
quency or impact methods for commercial work. 

A slight variation of this method was put into use in 1909. 
This method consisted of placing a gap in series with the several 
parts, and was developed to test assembled suspension insulators. 
The gap was placed in series in order to detect an insulator 
which failed inside the cap, but it was soon found that if the 
gap was eliminated or was too small, the severity of the test 
was very much reduced, particularly where one insulator was 
tested at a time. 

The series gap cuts out part of the wave, giving the corona 
or streamers less time to build up, which permits of a higher 
stress being thrown on the insulator. There is, also, an oscilla- 
tion set up by the sudden spilling. This method is somewhat 
similar to that described in a paper by Thomas and Imlay, but, 
of course, is very much milder, being applied to routine work. 
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Where this method was used, pieces were tested in lots of 
from one to seventy. It was found to be better practise, how- 
ever, to test only one piece at a time, as pieces have to be ob- 
served very carefully on this test, for the high frequency dis- 
charge will not usually continue through the same path, the 
damaged pieces easily escaping notice unless the particular 
piece is under careful observation at the time. Fig. 1 shows 
insulators which have been punctured in the flange by this 


method, and Fig. 2 shows a large number of insulators under. 


test at one time using this method. 

There is a great similarity between these failures (Fig. 2) 
and those obtained in service, some examples of which are shown 
in Fig. 3. 

There is no doubt as to the effectiveness of these tests, and 
they have the advantage in that they are quite reliable under 
ordinary conditions. They have the disadvantage, however, 
in that the frequency may vary greatly, and unless the appara- 
tus is well protected, there is danger of a breakdown. 

The oscillatory transformer will give considerable data as 
regards the frequency of many faults developed in service, but 
where the apparatus is used for commercial testing, it is im- 
portant that it be well designed, otherwise, the results may be 
uncertain. The work of Professor Creighton along this line 
should make this piece of apparatus particularly valuable for 
commercial testing, either at the factory or in the field. 

To make a piece of apparatus of this kind effective for com- 
mercial testing requires much careful work, and Professor 
Creighton is certainly deserving much credit for perfecting the 
oscillatory transformer, for testing purposes. The light weight 
of this piece of apparatus, and its low cost compared to the usual 
high-voltage testing sets make it available for a large class of 
work. 

In discussing high-frequency methods, it is well to keep in 
mind some of the theoretical considerations adopted in insula- 
tor practise. 

In Fig. 4 are shown two insulator parts tested in multiple at 
normal] frequency, the larger part, having a surface distance of 
191 in. and a striking distance of 14 in., has a flash-over of 75 kv. 
at 60 cycles, the smaller shell or part, having a surface distance 
of 94 in. and a striking distance of only 63 in., has a flash-over 
of 80 kv. under the same conditions. 

It will be seen that at normal frequency it is possible to test 
the small insulator to a higher voltage than the larger one, and 
if tested in multiple, and at normal frequency, the larger part 
will always flash over first. 

If the two parts are connected 1n multiple, and a gap in series, 
it will be found that the small insulator will often flash over 
first. This will indicate that the small protecting air path of 
63 in. will break down before the 14 in. air path on the larger 
insulator, and hence the danger of the smaller insulator failing 
in service is much less. 
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If, in place of using a surge having a very steep wave front, 
the frequency is increased gradually, starting at 60 cycles, it 
will be found that the flash-over of the larger insulator will be 
lowered much more rapidly than the smaller one as the fre- 
quency increases. | 

This is not surprising if we consider the nature of the рег- 
formance, for the low flash-over of the larger insulator is due to 
_ the static streamers building up over the surface, which shunt 

much of the surface, as these streamers are in the nature of a 
conductor of high resistance. As the frequency increases, the 
current in these streamers is increased and the shunting action 
greatly increased, thereby lowering the flash-over. 

If the frequency reaches an exceedingly high value, it 1$ pos- 
sible that the small streamers will not have time to build up 
before there is a reversal of stress and a point will be reached 
where an increase in frequency will tend to increase the flash- 
over value of the part. 

In practise we usually have surges of the highest frequency 
in the case of lightning, and those of a comparatively low fre- 
quency due to arcing grounds with very few disturbances of 
the intermediate frequency. 

If impact tests are applied to an insulator having the charac- 
teristic of the larger insulator shown in Fig. 4, good material 
may be destroyed. In case of the smaller insulator, however, 
it would be much more difficult to destroy good material, for 
not only does the smaller insulator have lower maximum stresses 
but the short protecting air path operates to save the insulator. 

In service an arcing ground, while producing a surge of much 
higher magnitude than the operating voltage, tends to lower 
the flash-over voltage compared to that at normai frequency 
on insulators having the characteristics of the larger one shown 
in Fig. 4. 

On the other hand, their effect is very slight in lowering the 
flash-over voltage in the case of the smaller insulator. A test 
frequency of several thousand cycles while making little differ- 
ence in the case of the smaller insulator, would so lower the 

flash-over of the larger insulator that the test would be very mild. 

In the case of lightning, either insulator would probably 
not be large enough to prevent spilling, but whereas the larger 
one with the 14-in. protecting air path might fail, the small 
one would probably pass undamaged. 

If insulators made up of parts similar to the smaller one shown 
in Fig. 4, are used, much trouble experienced on transmission 
lines is eliminated, even where they replace insulators having 
a higher flash-over at normal frequency. 

If we make tests on insulators of this tvpe under sudden im- 
pact, we are likely to assume that much trouble will be encountered 
in practise, as these insulators will spill much more more readily 
than insulators having the characteristics of the larger one 
shown in Fig. 4. 
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If we will consider, however, that lightning or switching 1$ 
practically the only disturbance that produces a severe impact 
in service, and that increasing the striking distance of the т- 
sulator 50 or 100 per cent will hardly prevent spill-overs, it will 
be seen that we have little to fear from this source. If in addi- 
tion to this, we take into consideration that the smaller type 
of insulator will not spill as readily as the larger one under the 
frequency produced by an arcing ground, it is readily seen 
that no trouble need be experienced from the small insulator 
spiling, owing to its short striking distance and small dielec- 
tric spark lag. 

Much time and expense has been spent in the last three or 
four years in obtaining a short air path, so as to cut down the 
dielectric spark lag for the protection of the insulator, and an 
examination of insulators on a good many lines shows that there 
is probably ample strength in the better types of insulators. 

In Fig. 5 are shown two pin type insulators being tested in 
multiple. These insulators are under the normal stress of 60 
cycles, as well as high-frequency disturbances. The insulator 
shown on the right has a striking distance about 20 percent 
greater than the insulator on the left, and at normal frequency 
has a lower flash-over valuc. 

Under impact, or a wave with very steep front, the insu- 
lator on the left will flash first. The very fine streamers are 
produced by the high frequency and the large bright streamers 
are probably high-frequency discharges which have been 
combined with the normal frequency, or constitute the heavy 
rush of current when the capacity of the apparatus first dis- 
charges. 

In operation, the insulator on the right would flash over much 
more readily with an arcing ground on the system than the one 
on the left, but owing to its greater striking distance, and dielec- 
tric spark lag, a much higher voltage would be piled up before 
it would spill if struck by lightning. 

Even if the insulator had the same dielectric strength as the 
one on the left, the increase in stress of 10 or 20 per cent would 
increase the probability of failure a great many times. It will 
: be noted in this illustration that the streamers have a strong 
tendency to follow the surface, particularly in the case of the 
insulator shown on the right. 

In Fig. 6 is shown a suspension disk tested under condition 
‚ described in the second method. It will be noticed that many 
of the streamers follow every irregularity in the surface similar 
to those obtained with the oscillating transformer. 

If the oscillating transformer can be used to produce con- 
ditions of this kind with the wide variation and capacity pro- 
duced by the varying types and quantities of insulators, it will 
indeed prove a valuable means of testing, for there is no doubt 
as to the effectiveness of the conditions under which this insula- 
tor is tested. 
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In 1909 a lot of over 15,000 insulators was tested in this man- 


ner for one minute and later tested to between 50 and 60 kv.. 


for fifteen minutes. In all this quantity only one insulator 
was recorded as broken down on the 15-minute test, and there 
was some doubt as to whether this insulator had not been re- 
moved on the previous test. 

On the basis of this record, the long-time test was abolished 
in favor of a short-time test at a higher voltage, for the high- 
voltage test removed approximately 5 per cent of the material, 
and the 60-kv. test less than one fourth of one per cent when 
applied first. | 

It is not advisable to use tests of too high a magnitude on a 
single part, for this will result in designs which work the material 
under test conditions so mild that many pieces having serious 
defects may find their way onto a system to cause trouble at 
a later time. No severe design test, however, satisfactorily 
made on a few insulators only can insure good operation on a 
large system if there is even a comparatively small percentage 
of faulty insulators which are let through on the routine tests. 

There 1s much information to show that it is not necessary 
to design the parts or even the complete insulators so that they 
will withstand the severest laboratory tests. 

On the other hand some insulators which show very fine 
results on impact or high-frequency tests have had to be re- 
placed for the time-puncture rate, for the quantity was too 
high, causing many interruptions on a large system. 

In any but the poorest insulators, the mechanical stresses 
are far more to be feared than the electrical. It would appear 
that no one test is sufficicnt, and that factory routine tests will 
include tests at normal frequency, high-frequency or kick tests 
and resistance tests. 

Each test has advantages in eliminating certain classes of 
material; and it is possible to insure maximum reliability with- 
out carrying a test to the point where good material is destroyed 
or damaged. 

High-frequency or impact tests tend to eliminate many faulty 
designs, but too much dependence must not be placed in the test 
method, for an insulator may fail for many different reasons 
other than lack of strength to withstand the impact test. 


Crosby Field-Frank: When а new system of operation or a- 


new process is invented or first introduced, we are sometimes 
quite skeptical not only as to whether it 1s absolutely correct in 
theory, but also how it will act when put into the factory. I had 
the pleasure of using one of the first oscillatory transformers in a 
factory for testing bushings, and must emphasize the ease with 
which the machine operated and the definiteness of the test. 
There never was any doubt when the insulator was punctured. 
The test was absolutely certain. 

I would also like to emphasize Mr. Creighton’s remarks about 
the effect of the high frequency test upon those bushings which 
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had prevjously passed the 60-cycle test. If I remember cor- 
rectly, the percentage of rejections on the high frequency test 
of those which had previously passed the 60 cycle test amounted 
in some cases to as high as 17 per cent, and in other cases to zero 
per cent, an average somewhat ш the neighborhood of 7 per cent. 

J. T. Lawson: In operating our 13,000 volt transmission 
system we experienced trouble from insulator and cable failures, 
and for the last three vears we have given considerable thought 
and study to correct them. Relative to this, I call your atten- 
tion to the discussion at Detroit by Mr. Osgood, printed in the 
February number of the [nstitute's PRocEEDINGS.* This discus- 
sion covers the work we have been doing. Adding alittle more de- 
tail to this discussion, I wish to point out that with an increase of 
160 miles of transmission, we have succeeded in two years in 
cutting the number of our service interruptions, due to the fail- 
ures of insulators and underground cables, from sixty-five in 
1913, to forty-five in 1914. 

As brought out by Mr. Osgood, we found that our chief cause 
of failure was the insulator, which, when failures occurred, set 
up disturbances which in turn caused a breakdown on the cable 
in our underground system, therefore, to correct our service 
troubles the place to start was on our line insulators. 

The first year of work was taken up Бу testing with high 
potentials at 60 cycles, but bevond the fact that the tests proved 
we had bad insulators on the lines, which was already shown by 
service conditions, we were unable to arrive at any means to 
correct our insulator faults by this method. 

Changing our methods, we started testing with the oscillating 
transformer, using samples of insulators taken from our lines. 
In this manner we were able to see at close range, without 
anything to divert our attention, in what respects our insulators 
were weak. In this feature the oscillatory transformer has the 
advantage over all other means of testing. The voltage is under 
complete control, and once set the insulator can be subjected 
to a certain potential for as long a time as desired with an ease 
that cannot be done with any other method. At the same time, 
the entire surface of the insulator is completely covered and all 
weak spots can be found. 

The methods adopted in conducting these tests were as fol- 
lows: Pin type insulators were racked and tested singly, the disc 
type was suspended and tested in pairs. The first 250 insulators 
tested were subjected to spark-over voltage for a period of one 
minute, the voltage being built up gradually from zero to spark- 
over voltage. As all failures of this group occurred within five 
seconds after obtaining maximum voltage, the period was short- 
ened to thirty seconds. As the failures in test also occurred 
within the first five seconds, all succeeding insulators were tested 
for only fifteen seconds, the set running continuallv at spark- 


*Trans. A. I. E. E., 1914, Vol. XXXIII, Part II, p. 112s. 
PROCEEDINGS А. I. E. E., Feb. 1915, p. 308. 
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over voltage, the contacts being changed from insulator to insu- 
lator. 

The benefits to be derived from this testing are brought out 
in the results obtained from a new forty-mile transmission line 
recently erected. This line was in service using an older type 
insulator for six months with thirty insulator failures, or more 
than one a week. 

Since re-insulating with ОЕ tested by the oscillatory 
transformer, we have operated for four months with no failures. 

A. O. Austin: I would like Prof. Creighton to say a few words 
about the question of dielectric spark lag in flash-over on insu- 
lators of different sizes—the question of the ratio of puncture 
strength to the flash-over voltage is on a wrong basis on many of 
the insulators, so far as operation 1s concerned. Ап insulator 
of very large striking distance may have a comparatively low 
flash-over value, and may easily have a ratio of dielectric strength 
as based on oil tests, or any other test, of say, 2101, and yet, 
so far as operating conditions go, this insulator may not be nearly 
as good as one having a ratio of 1-2 or 1-3, because the latter 
may have a short striking distance. That is the theory of the 
best operating tvpes of insulators I know of today. It 15 of con- 
siderable economy and means much in the future develop- 
ment of the insulator along all lines of reliability under high ten- 
sion conditions or surging conditions. 

P. W. Sothman: I do not believe that the high frequency test 
wil permit us to do awav with all others in the testing 
of electrical porcelain. It will show us а certain number of 
failures, which would be discovered by the time-tests if they were 
continued for a sufficient length of time. It will show us а condi- 
tion which may slip through some of the other tests. But there 
is a somewhat different point of view in the consideration of 
the insulator, and that 1s, we are trving to get a commercial piece 
of apparatus; and we have not been able vet to determine 
how electrical porcelain should be tested—should it  with- 
stand at the thickness of 1 mm. so many volts, or should it 
withstand a mechanical strain of so many pounds, applied in 
a certain form? If we take all our other electrical material, 
we find that it is pretty well standardized. You may say, we 
know that a piece of insulating cloth of a certain thickness 
should withstand a certain voltage and temperature. 

Now, what are we doing with all our tests on insulators? 
They are absolutely arbitrary. We take the insulator and punish 
it until it 1$ destroved; and then we say it 1$ good, or it 
is not good, just as we feel. But as long as we have по way 
to measure our static correctlv, as long as we have to conduct our 
tests on phenomena which we do not master absolutely, that long 
we must take tests into account which will cover the whole elec- 
trical test; and not go оп and say “Гат making a high frequency 
test, with the time duration specified, because I know it will 
either destroy or not destroy the insulator.” 
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It has been shown that there are many insulators which 
hardly can be destroyed with high frequency, and still in 
operation they show up wonderfully. Where is the measure- 
ment? What may we expect from an insulator which is to be 
operated at 30,000 volts, and what should we ask the manufac- 
turers to deliver? Is not the high-frequency test as we administer 
it far too severe? If it is too severe, I think the curve shown 
in Fig. 35, of Mr. Creighton's paper, shows us very well that 
there is a point at which we must stop; and I think that it is now 
up to us to find out where that point is. 

In curves Figs. 19 and 20, I think Mr. Creighton shows us 
what we have talked over for a good many years, the variety 
which still exists in the electrical quality of porcelain. We 
are shown that porcelain will fail at a certain thickness under 
conditions for which even the manufacturer himself cannot find 
any reason. It was the same clay, it was the same feldspar, 
the same temperature and the same time process. Everything 
was the same. That is the point at which I think the opera- 
ting engineer, especially, should work hand in hand with the 
manufacturer, to come to a real practical conclusion. 

Mr. Austin shows that tests have been made during the 
manufacturing process. Should not far more tests be made 
during the process of manufacture— would not that eliminate 
lots of trouble? Mr. Creighton tells us that in the drying 
process a very high percentage of failures take place. We may 
not have today ways and means of testing, but I think we 
should try to eliminate all failures before. they are assembled 
and before they go far enough into the process of manufacture 
to make the cost of elimination unduly large. 

Should we not adopt the rule that the test of the high tension 
insulator be made in the unglazed shape? The glazing is such 
that the real dielectric effect is zero, whereas it still has an effect 
on the test. Glazing consists more or less of the metal oxides 
which change the apparent effect to a certain degree. | 

А. closer termination or relation on the high frequency should 
be adopted. Mr. Creighton stated that between 60,000 and 
300,000 volts is a big gap, whereas between 100,000 and 500,000 
volts there is hardly a noticeable difference. Those are things 
which we should investigate more thoroughly. I would be 
thankful to Mr. Creighton if he would give us some more in- 
formation, especially some reason why, on the lower frequency, 
this great difference is apparent. 

On seeing the insulators which have failed on lines under actual 
operating conditions and comparing them with insulators fail- 
ing under test conditions we notice a big difference. We 
find that the test conditions, as adopted now nearly uniformly, 
are not by any means the operating conditions. Many punc- 
tures in the high frequency test have occurred on the outskirts 
of the umbrella, whereas in the ordinary way the insulators are 
punctured, far closer to the center of the pin, or to the center of 
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the wire. Mr. Austin made the remark that this form of punc- 
ture was due to the pin and wire, showing that these conditions 
certainly have a peculiar effect on the actual failure of the insu- 
lator. 

I agree with Mr. Austin and Mr. Lawson, about the relation- 
ship between the flash-over and the puncture. That relationship 
must be very, very carefully considered. I am not absolutely 
convinced that such a relation of 1 to 2, between puncture and 
flash-over 1$ always the correct one. It may be correct under 
certain conditions. 

Farley Osgood: We are quite happy with the results we are 
getting in New Jersey, but 1n justice to the insulator situation 
as a whole we would ask you, not to forget that we are working 
with 13,000 volts normal. Our problems, to my mind, are prob- 
ably quite different from the problems of those men who are 
operating at really high voltages. It occurs to me that while 
perhaps a 2 to 1 ratio is right for us, and our results seem to 
indicate that, yet, as Mr. Lawson said, we may be below the 
plane in all of our experimental work, about which Mr. Austin 
has been talking. In other words, our problem may be in an 
entirely different class. "Therefore in our 13,000 volt work, 
while our methods have brought us the most satisfactory results, 
I do not think they can be used to determine the whole insulator 
problem. We do not want to lead anybody astray. We are 
simply giving our experiences with our own voltage. 

L. L. Israel: For the last few months we have been engaged 
in the Navy Yard in Brooklyn in testing insulators for wireless 
work, and in these tests we found that the question of dielectric 
hysteresis in the material was of prime importance, that questions 
of accidental flaws were of secondary importance. In testing 
insulators for this purpose, we used as one of our means the 
method described by Mr. Creighton. In using that method 
with some variations in circuit arrangement, we found that the 
time of application, frequency of oscillations, the damping of 
wave trains and the spark discharge frequency are of prime im- 
portance in determining puncture value referred to sphere gap 
settings. In our work, however, we used wave trains which 
were probably much less damped than those obtained by Mr. 
Creighton. The breakdowns in most all cases were directly 
or indirectly due to the heating of the insulators, which heating 
depends upon all the factors enumerated above. 

This leads me to state that it does not seem as though the 
tests developed by Mr. Creighton are very definite or conclusive 
because in varying the frequency of oscillations as he probably 
did, he also probably varied the damping. We have found 
that higher frequency and lower damping may so neutralize 
their effects as to cause no variation in puncture value de- 
termined by sphere gap. Again, the effective value of the 
voltage applied to different insulators varies with the type 
of insulator that is put to test in the circuit shown by Mr. 
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Creighton, because the secondary of his transformer, and the 
insulator to be tested with its variable capacity and resistance, 
form an oscillatory circuit of variable frequency. 

The effective value of applied voltage would vary considerably 
for different tests, depending on the ratio of frequency in this 
circuit to that in the exciting circuit. The effective value of 
applied voltage is also dependent upon the material of the spark 
gap used. А zinc gap would give a higher effective value than 
a copper or silver gap. 

Mr. Creighton pointed out that if a blast of air is blown across 
the gap three discharges take place per alternation. The number 
of discharges that take place per alternation also depends on the 
voltage impressed on the power transformer, and on the reson- 
ance frequency of the low frequency circuit. I am trying to 
point out some of the many important variables in this method 
of testing which, at first sight, do not seem to have been properly 
taken care of. | 

В.Р. Jackson: Two methods have been proposed of obtain- 
ing a so-called high frequency or impact test of porcelain. One 
method consists of a resonating circuit with a spark gap produc- 
ing high frequency oscillations, which are stepped up by meansofa 
Tesla coil. The other method consists of charging an air con- 
denser to a high voltage and discharging it over the insulator, 
producing an initial impact with successive oscillations. 

Of the two methods, it is quite apparent that the Tesla coil 
scheme is more portable as it involves no high-voltage power 
transformer and the whole equipment can be put on a truck, 
which can be readily moved from place to place and is not so 


dangerous on the high side. Оп the other hand, any one pos- . 


sessing high voltage testing transformers of sufficient voltage 
for his purpose can at a very moderate expense install the air 
condenser and spark-gap necessary for the impact test. For 
that reason, it is a much simpler scheme for an operating man 
to install for temporary use in connection with any testing trans- 
former or other high voltage transformer which he may have 
available. 

We have at East Pittsburgh carried out a series of comparative 
tests to determine the respective values of the Tesla coil scheme, 
the high voltage impact scheme proposed by Mr. Percy Thomas 
and the test under oil at normal frequency, all as compared to the 
ordinary flash-over test at normal frequency. Our experiments 
so far indicate the following results: 

Porcelain apparently punctures at practically the same volt- 
age, regardless of the frequency employed. So far as is to be 
determined by spark-gap measurements, groups of porcelain of 
the same design and manufacture will puncture at the same 
voltage at 60 cycles under oil as they did by either of the so-called 
high frequency methods. The voltage in each case was estimated 
by the sphere gap. There are essential differences, however, in 
the character of the test. When tested under oil, the puncture 
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always occurs along the metallic electrodes and the stress does 
not appear to be spread out over the surface of the insulator. 
Either of the high frequency methods, on the other hand, spreads 
the test out over all of the vulnerable points of the insulator. 

At normal frequency in the air there is a fairly definite flash- 
over voltage for a given piece of porcelain, and no higher voltage 
can be impressed on such a piece. With either of the high 
frequency methods, however, a very much higher voltage, in 
fact, an unlimited voltage can apparently be impressed on the 
porcelain. This, of course, is due to the suddenness with which 
the voltage appears, thereby preventing general ionization of the 
air, with constant breakdown of the air, as 15 the case at normal 
frequency. The virtue then of the high frequency method con- 
sists primarily in the convenience with which a materially higher 
voltage can be impressed on the insulator at the place where 
test is wanted, than can be obtained with the normal frequency 
test in air. 

It seems to be true, however, that reasonably good insulators 
that have passed the 60-cycle test will stand up for a very long 
period on a high frequency test which does not flash over the 
insulator. In other words, a test which simply produces corona 
over the insulator does not appear to be materially more severe 
than the normal frequency test. It is only when the voltage 
is raised so that a potential value somewhere approaching the 
puncture value of the insulator is applied that the porcelains 
begin to fail. This failure begins by picking out the weaker 
ones, and as either the time of application or the potential ap- 
plied are increased, more insulators fail. 

The point just mentioned, that the length of time application 
has much to do with the number of insulators broken down, 
indicates the most serious limitation of this method of testing. 
There appears to be no definite point in high frequency testing 
at which we can say that such a group of insulators are bad and 
the rest good. A more severe test simply punctures more insu- 
lators. By severity, may be meant either long time of applica- 
tion or higher potential. This feature of length of time of 
application is a serious one, because it apparently indicates that 
the application of a high frequency or impact test damages, to a 
certain extent, all the porcelain tested. The extent of this 
damage is, of course, such as to ruin the poorer pieces, and pos- 
sibly it does not seriously impair the better pieces, providing 
the test 1s not continued too long at too high a voltage. For 
this reason, the test should be used rather sparingly, but not 
with the idea that all bad insulators can be weeded out and all 
the good ones left intact. Apparently the high frequency 
methods of testing will, however, eliminatethe very poorest mate- 
rial that has passed the 60-cycle flash-over test without very seri- 
ously damaging the better pieces, providing the test is not con- 
tinued for more than a very short period. just how long this 
period should be, is difficult to determine, and probably varies 
somewhat with the shape and size of the porcelain piece. 
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Our tests at East Pittsburgh do not indicate that it would be 
desirable to standardize either the Tesla coil test proposed by 
Mr. Creighton, or the impact test proposed by Mr. Thomas, at 
the expense of the other. There does not appear to be any 
material difference between them as to severity of test 1f prop- 
erly handled. Either method if so operated as to maintain a 
continuous stream of sparks over the insulator will heat up the 
porcelain, where sparks continue in one place. "Either method 
will materially damage the porcelain if continued too long at too 
high a voltage, and either method will search out weak spots 
throughout the area of the porcelain, because the sparks hug 
closely to the surface of the porcelain and tend to cover in succes- 
sion the entire surface, whereas, the 60-cycle test is limited in 
voltage to the flash-over point of the insulators,and the flash-over 
spark follows an air path over the edges of the petticoats, rather 
than over the surface of the porcelain. 

We believe the test can be used to advantage in judging pieces 
of different manufacture as well as different designs of porcelain 
and we are inclined to believe that it can ke used sparingly as a 
commercial test on material that will afterwards be subject to 
lightning. We donot believe, however, that the time is пре 
for standardizing either method, but that the matter should be 
left at the present time with a simple statement that either scheme 
affords a searching test which will pick out the weaker porcelain 
with some slight damage to the remaining pieces. We should 
rely upon the accumulated experience of several years’ service 
by insulators tested by these methods, rather than by any 1т- 
mediate experience with the test. It will be desirable to con- 
tinue tests Бу these methods, as undoubtedlv they constitute a 
distinct advance in the determination of the quality of electrical 
porcelain. 

I was recently endeavoring to formulate a specification of 
porcelain, and it became an important and a difficult thing to 
determine how much of this high frequency we should apply. 
iust as soon as we begin to weed out porcelain that has passed 
the 60-cycle test, the cost of which is based on the previous 
losses the porcelain factories have sustained, the question of price 
comes in. If we are going to increase their losses, they will 
have to charge more for it. just how much are we willing to 
sacrifice 1n 1ncreasing the price of porcelain by weeding out the 
poorer ware when there is no definite point, which we are sure of, 
when you can say, “ this ought to be weeded out." We do not 
want to go too far or too fast. 

There are some later experiments which we have carried out 
that are of interest. We tried an impact test, employing a high 
voltage condenser, discharging upon the porcelain, but develop- 
ing the voltage by putting direct current through thelow tension 
side of the test transformer so that we would get one rise of 
voltage and one discharge from the insulator. The direct 
current was broken in small steps by inserting resistances so 
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there would be no indeterminate surging in the broken circuit. 
It was arranged that the direct current reversed through the 
transformer each time, to take up the residual flux that might 
be latent in the transformer. We got a severe test similar to the 
Thomas impact test, which he described a couple of years ago, 
except that it was with a definite number of impacts which 
could be counted. We arranged to get one a second. This 
test proved as severe as the ordinary alternating current test, 
but no heating took place. 

This test was then arranged with the impact always in the 
same direction by cutting out the reversal of voltage, but still 
killing the residual flux in the transformer, so we would get the 
same voltage. If the pin of the insulator were negative, and the 
voltage brought up to a certain point, the insulator would flash 
over 95 per cent of the times the voltage was applied; while if 
the pin of the insulator were positive, it would only flash over 
about five per cent of the time. In other words, with the pin 
negative, the tendency of the insulator to flash around the petti- 
coats is materially increased over that with the pin positive. 
The fact that the pin was negative, even if it was the grounded 
end of the circuit, made it flashover. That is analogous to the 
well-known condition of the pin and a plate. Ifa high direct 
current voltage is applied to a pin and a plate, the spark will 
pass much more readily if the pin or needle is negative. 

Another curious thing which we have not entirely verified, but 
which appears to be true, is if the stress is applied in the same 
direction repeatedly by the method just described, the insulators 
seem to be able to sustain a great many impacts without suffer- 
ing. Assoon as we changetheconnections and begin to reverse the 
impact, first one way andthentheother, theinsulatorfailsquickly. 

Thatisthemcthcd wegetonanvofthehigherfrequency methods. 
That leads to the conception that there is apparently some 
residual molecular stress that lasts an appreciable time after 
the main stress is applied. Owing to a similar stress in the 
same direction a few seconds later the torque or the resist- 
ant power is alreadv braced to receive it, and the insulator stands. 
If we applv the test so it reverses the molecular stress the 


. insulator fails. 


P. W. Sothman: We should by all means agree on one point, 
and that is, when our actual operating voltage is 30,000 volts, 
as Mr. Austin has on his line, that the line conditions are closer 
to 20,0008 than to 30,000. We know that we can build some- 
thing which will stand 30,000 volts, but should not the insulator 
withstand 20,000 volts with the same safety that it would with- 
stand the 30,000. Should not the test voltage and the test 
specified be based upon the actual line conditions, and not on 
the assumption that we are running at 30,000 volts, because 
they actually do not run at 30,000 volts. That is only the 
apparent voltage, otherwise we could not have the failures 
that we find today. 
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Farley Osgood: I think perhaps I did not quite bring out 
the point in the manner I wished. Because of the fact that 
our operating voltage is 13,000, and that our porcelains are, 
therefore, quite small, I feel we may get surges which are greater, 
proportionally, to our normal conditions, especially as we 
have a good deal of cable in connection with our lines, than 
is'the case when you are considering the laying out of systems 
to be operated at 60,000 to 100,000 volts. I think our dis- 
turbances are out of proportion to the size of our porcelains, 
as compared to the high voltages. Therefore, I make the pre- 
cautionary statement that this problem of the porcelain can- 
not be determined on the requirements of our low voltage. 
We do not want to mislead any one, but mention what we 
are doing as a matter of progress. 

William Н. Jacobi: I want to say a few words on this matter 
of porcelain insulators from the point of view of the designer 
and manufacturer who through their experience, are necessarily 
the ultimate to render a verdict on the usefulness and limita- 
tions of porcelain such as we electrical engineers want for our 
purposes. When we are called upon to get up purchasing 
specifications for insulators, we demand that porcelain shall 
be thus and so, shall stand this and that other test, etc. Little 
do we concern ourselves as to what means or processes the pro- 
ducer has to resort to, to obtain the goods we demand, and 
then at a low price, because of the competition of the other 
fellow who tells us that through his ‘‘ patented processes ”’ 
“ most modern equipment "' etc., he can give us all we desire, 

We all know of the relation that the internal resistance of 
materials bears to externally applied forces from whatever 
source, mechanical, thermal or electrical, and I hold that, while 
porcelain is of different nature than most other materials which 
have been made use of in engineering construction, it is not 
free from being subject to the effects and laws governing other 
materials which undergo similar manufacturing processes. The 
axiom that the internal resistance of materials shall at least 
overcome the externally applied forces, needs no proof. That 
the internal resistance of any material depends upon its physical 
structure, and in turn its physical structure depends not only 
on the composing ingredients but largely on the methods adopted 
for treating these ingredients is nothing new. Yet, to the 
observing eye it would seem that the field of research in the 
matter of electrical porcelain, has been one-sided. Many man- 
ufacturers have gone far and wide in the art of blending in- 
gredients, believing that therein lay the secret of producing 
porcelain of the qualities required for electrical purposes. While 
no doubt the ingredients required play a very important part 
in the makeup of the finished composite material,in the case 
of porcelain, with a proper design and skilled firing, the matter 
of proportions of ingredients mav be assumed as being governed 
largely by economical considerations in manufacturing. We 
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have heard very little in the way of proportions and shapes 
and thermo-mechanical effects to form a measure of judgment 
on the merits of porcelain insulators, particularly for high 
tension power transmission service, and I desire to emphasize 
two points in this connection. One is the shape and propor- 
tions to be given the mass of porcelain material, so that when 
having undergone a given firing process it shall be free of internal 
stresses. Тһе other is the dimensional proportions to be given 
the insulator to resist the required values of flash-over and 
puncturing voltages. 

I had the opportunity, some months ago, of observing the 
insulators for a certain transmission line, before and after service. 
It was quite singular to note that the greater number of frac- 
tures were very much alike in extent and location, both before 
and after service. Close examination of the broken surface 
revealed that some portions exhibited a glossy appearance 
while other portions were dull, and that this condition was more 
or less uniform. My explanation in this case 1s that the glassy 
portions which were visibly thinner, reached the vitrifying stage 
before the portions that were dull, thereby changing the physical 
structure between these portions and setting stresses of such 
magnitude as to require relatively little effort, whether me- 
chanical, thermal or electrical, to cause breakage. 

The idea of initial internal stresses in porcelain, particularly 
in view of the experience just mentioned, lead me to inquire 
into their cause and remedy. Naturally any material which 
is free from internal stresses, when used, will place at our com- 
mand, not only its entire store of internal resistance to react 
on externally applied forces; but, in the case of porcelain, wiil 
possess іп its texture other desirable qual ties for electrical 
purposes. My conclusion is that porcelain not unlike other 
materials undergoing similar processes in their manufacture is 
subject to the same laws observed in casting metals. To 
illustrate; if we take а cast iron disk of rectangular cross section, 
malleabilize it, and break it in halves, the cross section will 
exhibit two distinct areas. Опе 15 of varving texture that 
grades down from the surface fading away into the other area 
which is very uniform in texture and appearance. The area 
of varying texture represents the mass around the disk which is 
exposed to quicker impregnation of moisture, dehydration, heat 
absorption and heat dissipation. Тһсагса of uniform texture 
is affected more slowly and uniformly by those agencies. Brick, 
tile, a loaf of bread, etc., exhibit visibly these effects. 

We can now appreciate that, due to the greater ratio of 
expansion and contraction along this shaded area, stresses of 
varying degree are present in the section which decrease or 
destroy the internal resistance of the material. The problem 
of obtaining a piece of material of this character, free of in- 
ternal stresses, will be solved by merely avoiding the presence 
of that material varying texture portion, and utilize that por- 
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tion of uniform texture. Іп shape this latter part varies accord- 
ing to the geometric proportions of the mass; the theory on 
this point is that it is subject to the law of the parabola, other- 
wise commonly known as the law of the squares. 

The basic shape of disks such as are used for insulators, 
should therefore be a flat paraboloid, and theoretically this is 
the shape that should be given to edges of metal castings; how- 
ever, the ductility in metals makes it unnecessary to give 
castings these more difficult curves and suitable radii are satis- 
factory enough. In the case of porcelain which is devoid of 
ductility, it would seem that that law should be adhered to, 
and I believe that the paraboloid shape should be made to 
constitute a point of judgment on the merits of design of in- 
sulators. 

Arbitrarily selected radii as are found in the outline of most 
insulators may contain portions of the varying texture area 
just referred to and thereby introduce chances of creating 
undesirable initial internal stresses. 

From the foregoing considerations bearing on the internal 
stresses set in the mass of insulators by improper design it is 
very gratifying to observe that the multi-petticoat disks of earlier 
designs is giving way to smooth discs of the morelogical forms; 
as an example, the insulators developed for the Chilean Ex- 
ploration Company recently described in the Electrical World 
by Mr. P. H. Thomas may be cited. 

We have at some time or other been informed that certain 
insulators which have given satisfactory service on 66 kv. have 
failed when put on 44 kv. service. After the admirable re- 
search carried through by some of our colleagues, we may find 
a number of satisfactory explanations and blame local condi- 
tions, wave shape, altitude, etc. These explanations, as good 
as they are, do not tell us how to guard against such failure. 
In this connection I call your attention to the second point I 
desired to emphasize, viz., the dimensional proportions to be 
given an insulator for a particular service. 

In so far as the present stage of the art is concerned, and 
assuming that we have mastered the science of shaping in- 
sulators to render them free of internal stresses, a given mass 
of porcelain material can be so dimensioned, other things being 
equal, that for a constant and definite flash-over voltage, it 
may be made to assume a variable resistance against puncture 
the maximum value of which is that of flash-over. Conversely, 
the same mass of porcelain material can be dimensioned to 
offer resistance against puncture by a voltage of constant and 
definite value and, within certain limits, be made to offer a 
variable resistance to flash-over voltage the minimum value 
of which is that of the puncture voltage. 

In view of these facts, I feel that we ought to have a com- 
mon measure by which to judge the merits of flash-over and 
puncturing voltage ratios applying to porcelain insulators. 
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By construction, pin insulators possess high resistance to punc- 
ture and a low resistance to flash over, a condition regarded as 
desirable nowadays,— yet, I have seen pin insulators which 
having failed by puncture, did not give evidence of surface 
spill. Probably mechanical defects of the internal stress order, 
or the presence of carbonized organic matter, or other causes 
were responsible for the damage. This train of assumptions 
does not satisfy the mind athirst for knowledge. In the case 
of suspension insulators on account of the intermetallic linkage 
we are not prepared to say anything final and definite. Some 
of us are in position to arrive at some logical conclusions that 
may constitute points of judgment on insulators, or rely on 
results and content ourselves by saying that because a certain 
insulator has not given trouble, that is ‘‘ the insulator.” 

I can conceive characteristic curves bearing on the “ proper 
proportions" for insulators like Fig. 7. 
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I can further conceive a similar set of curves giving higher 
or lower values applying to high and low altitudes; also to 
high and low frequencies, and probably bearing reference to 
the effects of wave shapes. The task involved in obtaining 
this data, evolved in such channels of experience and judg- 
ment as to make it worthy of becoming a standard measure 
on the merits of porcelain insulators, is necessarily vast. Prob- 
ably no one of us could gather in his life time all that knowledge, 
but we engineers fond of standards to measure our accomplish- 
ments and limitations must have such a standard. 

Progressive manufacturers of electrical porcelain realizing 
the import attached to their product, are carrying exhaustive 
research and testing along the lines indicated, and in justice 
to ourselves we must cooperate with them to get the missing 
link. 

julian Cleveland Smith: The discussion this afternoon has 
rather drifted away somewhat from the point I thought it 
might hinge upon, and these figures which I will give you are 
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not very apropos to anything that has been discussed the 
latter part of the afternoon. During the last two years we 
have carried out a series of tests on one of our high tension 
lines involving about 50,000 disc type insulators. These are 
of an old design now, a design which has been materially im- 
proved, and tests on the new designs show the performance 1s 
very much better than on the first design. Ц is quite in- 
teresting, however, to see how the losses shown by these tests are 
distributed. The line has been in operation for about three 
years, there are 48,000 units covered by these tests, of which 
37,800 are swspension units and 9000 are strain units. There 
are about 10,800 of the suspension units under the heading of 
end units, which includes both ends of the string, and 2400 of 
the strain units, making the total number of end units 13,200. 

The total number of failures in all of this number of units 
during the operation of the line up to last fall was 2.58 per cent. 
The failure of the suspension units alone was 2.47 per cent. 
The failure of the strain units was 2.79 per cent, that 1s a very 
slight increase. The failure of the end unit was 3.39. Dividing 
these end units between suspension and strain units, the sus- 
pension units show a slightly less number of failures, the failures 
being 3.25 per cent, while the failures on the two ends of the 
strain unit were 3.69 рег cent. Dividing the end units between 
the ground ends and the line ends, the ground ends show a total 
failure of 3.15 per cent and the line ends show a total failure of 


3.63 per cent. In other words, the line ends show a greater. 


number of failures than ground ends. Dividing up these 
units again between the ground end suspension units and the 
ground end of the strain units, we find that 3.29 per cent of the 
ground end suspension units fail, while in the case of the ground 
end strain units there were only 2.83 per cent which failed. The 
line end suspension units failed to the extent of 3.22 per cent, 
while the heaviest failure of all was in the line end of the strain 
units, amounting to 4.56 per cent. 

The units, exclusive of the ends, were 2.27 per cent, and 
dividing these again the suspension units show 2.16 per cent, 
and the strain units 2.49 per cent. 

The net results of these figures seem to indicate, so far as our 
tvpe of construction is concerned, that there is a slightly 
increased percentage loss in the strain units. It also indi- 
cates that of the units which failed the end units are more apt 
to fail than the intermediate ones, and there is a slightly 
increased tendency to fail on the line end. The work was 
done in two successive years, and I have not divided it up at 
all, and it indicates this—that there was a considerably greater 
number of failures found during the first year, as against the 
second year, which shows, while there is an apparent constant 
further development of failures, yet the first test located a 
considerable number of these failures, which no doubt existed 
at the time the line was put up. 


. 
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It has also developed in these tests that a very high per- 
centage of these failures are due to what may be termed me- 
chanical troubles, that 1s, cleavage planes in the porcelain, and 
defects which are so evident that the men making the tests 
can by simply looking at the insulators determine how the 
insulators fail.  - 

The various methods of test, so far as our own work is con- 
cerned, do not seem to have developed any great benefit from 
the high frequency tests. We have an apparatus similar to 
that described by Prof. Creighton, but as applied to these 
particular units there does not seem to be any mote likelihood 
of failure with high frequency than with low frequency. 

We reproduced in our laboratory typical failures that existed 
in the line as regards the mechanical failures of these particular 
units. The mechanical failures, due to thermal stress, cleavage 
planes, or moisture, or some cause of that sort, are much more 
dificult to reproduce, except those due to temperature. Ву 
taking any of these earlier designs of units and carrying them up 
through a succesive number of cycles of varying temperature, 
say varying from room temperature up to 150 deg. cent., you can 
cause almost any of the earlier designs of units to fail, and the 
failure is equal, and always takes place in about the same plane 
and has every appearance of being due to the expansion of the 
cap. 

The tendency on the part of designers has been to produce 
a porcelain heavier, thicker at the top, less points of attach- 
ment to the metal parts of insulators, and the result has been a 
very material improvement. We made some tests on the newer 
type, and I may say so far as the thermal tests are concerned, 
we find that the new type insulators are practically immune from 
any ordinary thermal failures, that is, you have to carry the 
temperature so high, and over a considerable number of cycles, 
that the failures dueto this course in ordinary operation, would 
probably be very small indeed. 

One other point of some interest is this—that the failures, 
50 per cent of them, caused bv the so-called mechanical troubles 
were those things that probablv occurred in the factory, and 
were not deemed essential to the design of the insulator, and 
are pretty well scattered all over the lot. You could not say 
that they are located in any one particular place. On the 
other hand, the other fifty per cent, due to high frequency, or 
high voltage, or a combination of these two, are so located that 
it would be hard to explain them by any probability law. They 
are in the zones of lightning disturbance, and occur in those 
places where the disturbances are known as taking place, that 
is, they are bunched together, and there will be long stretches 
of line, twenty miles or so, in which there is a very small num- 
ber of failures, and then will come a few miles in which there is 
a large number of failures. 

I want to close this discussion by simply saying that, con- 
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sidering everything, the number of failures is very small, indeed, 
and when we consider that this particular line has been in 
operation for over three years and that no whole string of in- 
sulators has failed, that there has been no failure, in other 
words, due to the breakdown of the insulation caused by 
flash-over of an entire group; it may be considered that the 
fact we have picked out by tests such a small number as only 
2.5 per cent, 15 a rather good record, and particularly so when 
you consider this is one of the earlier designs of insulators. 

Harris J. Ryan (by letter): We are much indebted to Pro- 
fessor Creighton for placing before us the essentials of the art 
of high-voltage porcelain production and for his efforts to es- 
tablish a standard .high-voltage porcelain test. 

Plenty of energy, though not too much, must be applied to 
the porcelain insulator at high voltage to locate and develop 
electrical faults. Otherwise, as with the megger test, only a 
limited class of faults can be located. For standard test pur- 
poses the energy applied to the fault so as to produce failure at 
60 cycles, sustained sine wave voltaye, is too little while at 
200,000 cycles or 3333 times 60 cycles, sustained, sine wave 
voltage the energy is correspondingly too great. The failure 
and conduction of the air, or the conduction of the gas when oil 
immersed, in touch with the porcelain at the fault or the region 
to be ruptured, is largely the means for applying the energy 
which starts the localization of the fault or that sets up ther- 
mionic conduction and puncture. The power factor of a 
capacity charging current when passing a zone of conducting 
air in a particular case at 60 cycles was found to be about four 
times what it was correspondingly at 180,000 cycles. Since 
the value of the high-frequency current was 3000 times the 
value of the 60 cycle current, the energy used in conveying the 
180,000 cycle current across the conducting zone of air was about 
750 times the energy required correspondingly at 60 cycles. The 
Creighton oscillator applies to the test specimen normally 120 
high voltage damped wave trains per second. The life of each 
train is short compared with the interval between succeeding 
trains in which no energy is applied. Herein there is a great 
advantage for a standard test. The power applied is high during 
the damped high frequency voltage impulses. Thermionic con- 
duction is started at the fault; it is started also at other points 
where the porcelain is sound. The action 1s greater at the fault 
than elsewhere. The interval of rest between wave trains is 
sufficient for ionization and heating to disappear at all points 
established, except at the fault or at points between which punc- 
ture must occur. Succeeding wave trains, while continuing to 
pour energy into the fault, do not pour it in upon the former 
routes of conduction to the sound porcelain. Such routes being 
acquired by accident are not, in general, reestablished. Herein 
is essentially the difference between the oscillator and the 
sustained high frequency tests. In the sustained high frequency 
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test the slightest overstress of the atmosphere adjacent to 
sound porcelain will result in the formation of a conducting 
air channel that will be sustained. 

It appears that our electrical knowledge and facilities for 
high voltage porcelain insulator production and use are now far 
in advance of our mechanical knowledge and expediency. On 
the mechanical side of the art very little has been done. On 
the surface it would seem that important things to know are: 
How long should units made up of porcelain, iron and cement, 
Бе allowed to age after having passed the regular factory tests? 
What physical treatment should they be given in the aging 
interval? What tests should they be given before being placed 
in service? Deeper down, this question appears: Are pres- 
ent designs, from a mechanical-electrical standpoint, the best 
that can be had in regard to aging quality? 

Thus by using 20 kv. sustained at 200,000 cycles, a sound 
suspension type insulator unit may be punctured that would 
endure 90 kv., 60 cycles, producing flash-over.* While the sus- 
tained high frequency test has little or no value for routine pur- 
poses it will doubtless be of great value for determining useful 
facts in regard to new and old designs. 

The super-spark potential test with the Creighton oscillator 
promises to be of high value. In this test the porcelain is subject 
to an intense and highly localized thermionic conduction which 
brings about puncture by fracture or by fusion and spark blast. 
With the aid of this test designs may be possibly produced that 
will exhibit marked improvement in ability to endure punish- 
ment of the sort that is developed by lightning discharges. 

J. S. Lapp: By high-frequency testing we seem to develop 
entirely new characteristics of dielectrics. The commercial and 
investigative testing with high frequency with which I am in- 
timately acquainted has not been carried far enough for substan- 
tial conclusions. Results so far seem to indicate that high 
frequency testing will not appreciably increase the cost of in- 
sulators. Fifteen years of field experience on pin type insulators, 
with support grounded and ungrounded, together with six or 
seven years experience with suspension construction, nearly 
alwavs with dead ground at the insulator, seem to be urging 
the insulator manufacturer toward a safety factor in insulators, 
that roughly coincides with that indicated by high frequency 
testing. 

The principal value of high frequency tests seems to be for 
purpose of design and not a commercial selective test. As a 
commercial selective test high frequency may, depending on the 
thoroughness of the normal frequency test and design and mate- 
rialof insulator, select out from 1/10per cent to2 percent defective 


*For the results of tests of this sort made upon eight units see ‘‘ Sporadic 
Insulator Troubles," by Harris J. Ryan, read at a meeting of the San 
Francisco Section of the A. 1. Е. Е. and published in the Journal of 
Electricity. Power and Gas, Vol. XXXIV, Feb. 27, 1915. 
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pieces, but it will be found that most of the defects are at the 
edges of the shells where the voltage drop through the shell is 
very slight on normal frequency. High frequency testing 
does not appear to be more efficacious, if indeed equal to, normal 
frequency testing for purposes of selecting out immature or 
under-vitrified porcelain. We ordinarily test 100 to 200 in- 
sulators at a time in one circuit with insulators flashing over 
and the kick and energy for destruction by puncture of this large 
capacity is a most valuable selective test which will not quickly 
be superseded by a high frequency test. A high frequency 
routine commercial test on each insulator appears needless if 
materials and thickness of shells are such as to pass design 
tests. In short, the expense of weeding out from 1/10 per cent 
to 2 per cent on high frequency test may be justified by in- 
creased line security but this test will probably be added to and 
not supersede our present methods of normal frequency lag test. 
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We cannot predict that this 1/10 per cent to 2 per cent selected 
out after normal frequency test will eliminate an equal per- 
centage of line insulator troubles. Nor, in the absence of more 
exact knowledge of what the line phenomena are, can we now 
judge how severely we should test at the factory; that is, how 
nearly we should in testing approach the critical strength of 
the insulator. 

High frequency testing is positively dangerous until we have 
established safe standards. Thus we can subject a sheet of 
porcelain say 5/8in. thick to a voltage of 85,000 at 200,000 cycles 
and puncture the piece after which it will withstand, in many 
cases, 100,000 volts at normal frequency for an appreciable length 
of time, or we can, by immersion in oil, literally bore holes into 
porcelain at each terminal without puncture. The holes are 
roughly semi-spherical and evidently produced by local heating 
which splits or spalts off pieces of porcelain varying in size from 
dust up to pin head. 
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High frequency puncturing is peculiar. Thus, with normal 
frequency a puncture results in a comparatively large thread 
of glass (fused porcelain) whereas high frequency puncture 
results 1п many discharge paths or fissures. After puncture 
actually occurs, when testing in oil, carbon is deposited through- 
out these cracks. If, however, bombardment is not carried to 
puncture voltage there is no evidence of carbon deposits in the 
body of porcelain although distinct fissures or hollows in the 
intact body are discernable with the microscope and these appear 
as if the porcelain had undergone a digesting or honeycombing. 
The excessive heating causes long extended cracks in glass when 
punctured and with the glassy, highly vitrified best European 
porcelain similar cracking occurs. 

As to manner of applying high frequency test it appears that 
the puncture strength of porcelain depends more upon acritical 
voltage gradient than on time of application. Fairly exact 
determinations demand more exhaustive tests than we have 
yet been able to make, but roughly it seems that a test for one 
minute would detect defects, indeed twenty seconds may appear 
unduly conservative perhaps, but would, it is believed, serve in 
nearly all cases. 

High frequency testing has already given a great impetus 
to improvement in porcelain as a safe dielectric. Since it ap- 
pears that the destructiveness of high frequency tests result 
from excessive local heating, a very tenacious material should 
be provided. Glass or glassy porcelain, because of its small 
thermal accommodation, cracks and current follows through be- 
fore the bombardment has an opportunity of digesting or boring 
into its structure. Best porcelain will withstand semi-destruc- 
tion or digesting before giving way to open puncture. The in- 
ternal crystalline structure of porcelain is complex. It has to 
do with the pyrochemistry of silicates which has not yet been 
written and only slightly investigated. The methods of the 
high voltage porcelain maker are therefore highly empirical, and 
his particular experience highly valuable. Thus, each maker 
must for his special porcelain ascertain a thorough knowledge 
of the workability of his clay mixture—the limit of abuse—and 
the bestburning methods. As a concrete instance, a manufac- 
turer may have for years burned his porcelain for so long a time 
that he held it dangerously long in the crystallizing temperature 
zone for that mixture. He called it the '' soaking heat ’’ and 
sincerely intended to add quality. Structurally the product 
was weakened and on high frequency test must fail by virtue of 
a weak crystalline bond giving way, shown by branching ог 
tree-like permeation. Pyrometer tubes subject to continuous 
high heat sometimes undergo this crystallizing or devitrification 
and crumble or break. 

At the other extreme is immature or under-vitrified porcelain. 
The process of burning porcelain, in addition to the complex 
silica reactions, is really an arrested reaction, the accuracy 
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of which depends upon the personal skill involved. The most 
ambitious technician has but two tools to guide him over the 
delicate step—pyrometric cones, which are intended to measure 
heat and trials for progressive shrinkage. Soft porcelain is very 
hard to detect and the greatest promise seems to be offered by 
a measurement of insulation resistance at very high potential 
to detect variations. 

Conceive of a hundred grades of porcelain in one kiln varying 
in minute degree, some so near maturity that its structure 
can be conceived as a maze of capillary openings so small that 
they demand their own time for absorption—may be a month; 
maybe two years. This is impossible to detect at the factory 
by any present method. 

As interest in overcoming line insulator failure becomes 
keener; when insulators are bought as a specialized and highly 
technical product and standards are approached, some time the 
maker and purchaser may cooperate and make the porcelain 
far ahead of demand so that a period of weathering—say a 
year or more—will eliminate a great percentage of questionable 
material before erection. 

Such qualities can surely explain some of our “ fatigue ” 
so-called, in insulators no less than in tableware; and the in- 
sulator maker of repute should be the peer at least of the high 
grade dish porcelain maker in ability and product. Or is that 
too much to expect when high voltage porcelain is hammered 
down to 4 cents per pound, whereas the dish maker would 
Starve on 5 cents per pound? 
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DISCUSSION ON “ ELECTRICAL PRECIPITATION—THEORY OF THE 
REMOVAL OF SUSPENDED MATTER FROM FLUIDS,’’ (STRONG), 
““ THEORETICAL AND EXPERIMENTAL CONSIDERATION OF 
ELECTRICAL PRECIPITATION, (NESBIT), AND '' PRACTICAL 
APPLICATIONS OF ELECTRICAL PRECIPITATION,” (BRADLEY), 
Мем York, FEBRUARY 19, 1915. (SEE PROCEEDINGS FOR 
FEBRUARY AND APRIL, 1915.) 

(Subject to final revision for the Transactions.) 

W. S. Franklin: Let me ask Mr. Bradley how to get nd 
of the material which accumulates in the pipes. 

Linn Bradley: This is a matter which presented some dif- 
ficulty. If a liquid it will run off, and if it is a mix- 
ture of liquid and solid, it will not run off unless it is of proper 
consistency. If you have a dry dust it is easy enough to shake 
it off. You have to design your plant to suit the problem. 
Fumes that are all dry can be handled in about the same way; 
that is, if they are of the same physical character.’ If they are 
of a granular character, they must be operated ina different 
way from fumes which are of a fine formation. 

Saul Dushman: In order to obtain high-voltage rectified 
current for use in precipitation of smoke and dust, it has hitherto 
been customary to use a mechanical rectifier. Very recently 
it has been found possible to produce a much simpler form of 
rectifier which does not necessitate any moving parts. This 
type of rectifier (which has been designated the “ kenotron ”) 
operates with a pure electron discharge produced in a highly 
evacuated tubé from an incandescent filament, and is based 
upon the theoretical investigations of Dr. Langmuir on the laws 
of electron emission from incandescent bodies in high vacua. 
The current can pass through such a tube only in that direction 
which makes the filament cathode, and the tube, therefore, 
acts as a perfect rectifier. Rectifiers of this type may be con- 
structed to operate at the highest voltages used 1n commercial 
practise and at an efficiency which is well over 95 per cent, 
while the currents that can be rectified are of the order of mag- 
nitude of 0.1 to 0.5 ampere. Owing to the fact that the kenotron 
possesses positive characteristics, any number of them can be 
operated in parallel, in series with a resistance, and each kenotron 
merely carries its proper share of the total current. 

All the auxiliary apparatus required to operate this rectifier 
is a storage battery or transformer for lighting the filament. 
The maximum current that can be rectified by any given keno- 
tron depends only upon the temperature of the cathode, and 
by regulating the temperature of the latter, it is therefore 
possible to obtain perfect control over the current through the 
load. 

A complete description of the device will be published soon; 
but these remarks will probably serve to show that a rectifier 
constructed on the above principles ought to find a useful field 
of application in the work on precipitation of smoke and dust. 
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W. $. Franklin: Mr. Bradley has mentioned some difficulties 
from occasional sparking and arc formation. It seems to me 
that it might be a help to connect a considerable inductance 
between the rectifier and precipitator or treater, and then con- 
nect a condenser between the precipitator and the ground. 

Halbert P. Hill: What is the result of commutated wave 
lengths, what improvement is found in this apparatus; in 
other words, the first switches were 10 per cent of the wave, 
but as commutated they have gone up to greater length—is 
there greater efficiency by commutating the wave? 

W. S. Franklin: I do not believe that the possibilities of 
the influence type of electric machine have been determined, 
and I do believe that the field for electro-deposition of fumes 
1$ sO enormously wide that the time will come, and come very 
soon, when the two or three watts of high voltage power that 
can be delivered by an influence machine will be extremely 
important. The influence machine is, no doubt, the simplest 
type of high voltage source you can have for a small installation, 
and it is important to determine what the possibilities of the 
influence machine are. 

A. F. Nesbit: Mr. Strong and I personally tried out the type 
of rectifier which has been referred to, in this 1000-cu. ft. outfit, 
and we find it is practically as good as the Lempe rectifier. 
We have taken oscillograms of its action; and I see no reason 
why the suggestion is not eminently fitting at this time. 

L. W. Chubb: I would like to ask the authors whether the 
different kinds of fumes require a different voltage on the wire, 
and what range of intensity of field 1s required for the different 
kinds of fumes? In the first articles which I read on this subject 
I remember the flues were very much smaller. Mr. Bradley 
speaks today of flues four or five feet in diameter, which seem 
to be a step in the wrong direction, because to get the same in- 
tensity at the wires requires much higher voltage to be rectified. 

John B. Taylor: Whereis the definite dividing line between 
plain mechanical action and action that depends on ioniza- 
tion? The results set forth in these papers could be readily 
understood on the theory of attraction and repulsion, with- 
out going into the ionic theory. Are there any ехреп- 
ments that can be cited to show that the precipitation will not 
take place until the voltage 1s brought above a point where 
corona starts? If it is an ionization action, distinct from a 
plain mechanical attraction and repulsion, there should seem 
to be a fairly definite voltage at which the clearing up will 
begin and below which it will not. 

W. S. Franklin: Let us consider a polarized particle, either 
in a magnetic field, where it is a north poleon one side and a 
south pole on the other, or in an electric field, where it becomes 
positively charged on one side and negatively on the other. 
Such a particle requires a field of varying intensity to be acted 
on by any mechanical force at all, and the magnitude of the 
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force decreases at an enormous rate as the size of the particles 
decrease. It seems to me as almost certain that you never 
could get an electric field strong enough and varying rapidly 
enough to exert a perceptible force on a polarized particle, of 
the size of smoke or fume particles. Such a small particle 
must have an actual excess of positive or negative charge to 
be acted upon by a perceptible force. It is only in the case 
of large particles, such as pieces of paper, where a mere polar- 
ization leads to a perceptible force action in an electric field. 

J. H. Davis: I ask the authors if they intend to develop 
their process so that it will be applicable to steam locomotives. 

W. W. Strong: І beg to differ with Prof. Franklin con- 
cerning his enthusiasm about the influence machine. At the 
present time a small transformer, weighing fifty or sixty pounds, 
is being made to operate with alternating current, giving 30 
or 40 thousand volts, and can be used in connection with Mr. 
Dushman’s rectifier. It is a very satisfactory instrument, and 
I think will serve to precipitate quite large volumes of fumes, 
smoke fumes and the fumes emitted by ordinary locomotives, 
especially when being fired. As to the precipitation of fumes 
emitted by locomotives, one trouble you would have at present 
is that the ordinary generators used for lighting in trains are 
almost entirely direct current generators, and it would be 
necessary to replace them with alternating current generators, 
in order to apply this system to the precipitation of smoke 
from locomotives. Then it must also be remembered that 
electrical precipitation can not be used to treat gases flowing 
at a high speed. Electrical precipitation is being applied to 
the problem of collecting the smoke from locomotives while 
the fires are being started. 

As to precipitation by means of polarization, that is imprac- 
ticable altogether, in fact you do not get very good precipita- 
tion at all until you get almost a maximum corona current 
between your electrodes; that is, the precipitation becomes 
better and better as you approach the sparking distance. That 
is where the maximum ionization current of the curve flows 
According to the work of Milliken and others, it is quite prob- 
able that these little particles receive a charge of fifty to one 
hundred times the charge of the ordinary electrode. 

Linn Bradley: One of the questions asked by Mr. Hill, 
in connection with the lengths of the shoe, is one of the matters 
which I will take up first. We find that with a given trans- 
former and a given sized precipitating device, and with the 
transformer operated from a small alternator, it is quite essential 
that we have a long arc of contact, so-called, on our rectifier. 
If we have a point to point contact, it is difficult to get enough 
energy into a large precipitator to produce a sufficiently high 
rate of ionization. Thefrequency of the power supply circuit 
in some cases has some effect. It is a good plan to have the arc 
of contact a certain length, (and this is best determined in 
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practise), for where there is a large current flowing into the pre- 
cipitator without the proper arc of contact, there are liable 
to be rather violent surges. "This condition is detrimental and, 
in fact, has at times seemed to hinder precipitation. 

As to Prof. Franklin’s remarks regarding the insertion of in- 
ductance in the high tension d-c. circuit, this has been done 
and we have found that it at times is an improvement. We 
have placed inductance in this part of the circuit and tests 
have indicated that the high-frequency surges were of such 
character as to give a potential drop of 20,000 to 25,000 volts 
between the terminals of the special choke coil. We have 
found in some cases that the use of inductance of this kind 
makes it possible to maintain a higher effective voltage in the 
precipitator than without it. 

As to the point which Mr. Chubb raised, in connection with 
the intensity of ionization and the diameter of the collecting 
pipe, in my opinion there is a preferred design of precipitator 
for any given gas problem. The precipitator pipes should not 


be of too great a diameter nor of too small a diameter. I 


believe that the practical considerations of a fume collection 
problem are of greater importance than some of the theoretical 
questions. The increase in energy due to large diameter pipes 
that is consumed in precipitating particles, in the majority of 


cases we have had so far, has been so small as to be of no great 


importance. What the plant operators require is precipitation 
of their fume or dust. They care but little concerning how you 
do it. The practical solution of their problem has interested 
them much more than a possible decrease in energy consump- 
tion. Experiments with a 4 ft. diameter pipe certainly showed 
that its use was feasible and practicable, and, yet, while I 
would not for practical reasons recommend at present the 


universal use of such potentials as 200,000 or 250,000 volts, : 


nevertheless, these potentials do operate very satisfactorily 
under suitable conditions. 

We have also found that 1f there 1s not a sufficient potential 
in the precipitator, proper precipitation of the fume and dust 
is not obtained. The precipitation apparatus is so designed as 
to give sufficient flexibility to reach the proper field intensitv 
and to insure the most economical installation, practicability 
being of primary imporatnce. 

There is another point which may be mentioned in connec- 
tion with power consumption and which, perhaps, may seem 
to be somewhat contradictory to what Dr. Strong said. We 
have found that.it 1s possible to have too great a potential for 
most economical operation. Particles of dust have been pre- 
cipitated and then de-precipitated or blown off the electrodes 
by increasing the potential. 

W. S. Franklin: Does the odor disappear with the smoke? 

Linn Bradley: I have never tested coal smoke for elimi- 
nation of odor. I think that the results would largely depend 
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on the character of the smoke. If the volatile constituents are 
completely removed, probably the odor would disappear. Саг- 
bon is not volatile at ordinary temperatures, so if the smoke 
consisted entirely of carbon particles there would be no odor. 
However, there probably would be volatile compounds, such as 
sulphur dioxide, present, which would give an odor. True 
gases, obviously, are not directly removed. 

W. S. Franklin: I think Mr. Bradley does not appreciate 
the absolute necessity of a grounded condenser back of the 
choke coil, to give any efficacy whatever to the elimination of 
surges by such choke coil. I mean in capacity. Whether the 
Y line is enough, I do not know. [40 not think a small Y line 
would have enough capacity to make a choke coil effective in 
that respect. If he connects a condenser to the ground back 
of the choke coil, it will increase the capacity. 

Linn Bradley: Тһе precipitator acts as a grounded con- 
denser. If it is large enough it should answer your purpose 
and it would be the simplest tvpe of condenser available for 
practical operation. In practise we do have irregularities in 
the precipitator. To a certain extent, these irregularities do 
not interfere, so we make no extra effort to overcome them. 

If the conditions are such that sparks grow into current arcs 
then there should be some apparatus for overcoming or break- 
ing these current arcs and making the operation automatic 
and stable. The character of the circuit and service is such 
as to promote surges. 'The magnitude and frequency of the 
surges probably vary. If they can be reflected, kept out of the 
precipitating device, and then dissipated, the actual amount 
of energy in them being quite small, it would probably be de- 
girable. | 

5. М. Kintner (communicated after adjournment): Dr. 
Franklin lays special emphasis on the use of a condenser as a 
means of limiting the voltage surges on the precipitators. 
This calls to mind a series of tests that I made several vears 
ago, on “ static interrupters.” These interrupters were placed 
in circuit with the high-tension side of power transmission 
transtormers and were employed as a means of limiting the volt- 
age strains between turns on the end coils of the transformers. 
The ''static interrupter " consisted of an air-core choke coil 
which was placed in series with the line, and of a condenser, 
which was connected between the line and ground, the con- 
denser connection to the line being made between the trans- 
former that it was desired to protect, and the choke coil. 

A series of tests, in which a special transformer of about 
200 kw. was employed, revealed the fact that of the protection 
afforded the transformer by the “static interrupter,” about 
90 per cent of it was due to the choke coil. As the choke coil 
alone, could be built for about one third of the cost of the com- 
plete ‘‘ static interrupter,” it was decided to discontinue the 
use of the latter. 


1915] DISCUSSION АТ NEW YORK 2651 


The apparatus under discussion appears to me to be of the 
same general type and if different at all, it is in a way to make 
it still less favorable to the use of a condenser. The precipi- 
tator 1s itself a condenser and the protection of a condenser 
by the use of another condenser, in shunt to it, does not appear 
to me to be good practise. 

Н. P. Hill (communicated after adjournment): From re- 
peated tests I have made in my laboratory I find that with 
any make and break tvpe of rectifying switch—similar to the 
Lempe—in which the current .arcs from the rotor arm to the 
contact shoe, this arcing sets up the high frequency surge. 
This in turn decreases the capacity of the treater from the fact 
that the substance tested takes a charge and a potential dis- 
charge while passing through each cycle. The ideal method 
of course would be to use a static machine for this service. 

The next best thing is to use a positive contact rectifying 
switch and commutate all of the wave. Ву this method near 
true direct current is furnished the treater and the capacity is 
greatly increased over a unidirectional current. ог a treater in 
which only part of the wave is utilized. In the slides shown 
in Prof. Nesbit’s paper this charging and discharging of the 
fine- tissue paper, as shown and described by him, is due to 
rectifying only the apex of the wave and the treater discharges 
itself before the next wave is rectified. 

It has been proved conclusively that high frequency surges 
are set up between the treater and rectifier and various methods 
have been used to protect the transformer and to reduce this 
surging, namely, air cooled impedance coils. From the result 
of my experiments a positive contact switch is the only logical 
thing to use, as it eliminates all surges, takes a great strain 
off the transformer and provides a uniform flow of current on 
the treater. 

None of the papers scem to give any data as to the result of 
various frequencies. In my experiments I have used rectify- 
ing switches with shoes commutating 10 per cent of the wave 
up to as high as 70 per cent of the wave, and the more of the 
wave you can commutate the more effective the treater. 

In Prof. Strong’s paper he gives Stokes’s law and discusses 
it at considerable length, but I cannot see how this law would 
apply unless the current was alwavs a known quantity, or, in 
other words, direct current. If the kilovolt-amperes for a 
given quantity were based on true direct current this would 
vàry in proportion to the amount of the wave that was com- 
mutated during the element of time. I have used this appa- 
ratus in various substances, at various voltages with several 
tvpes of treaters and obtained better results with 60 cycles 
than with 25 cycles, and still better results with a positive 
contact switch, and the more the wave that was commutated 
the less milliamperes on the treater were required; besides, 
with a positive contact switch the deteriorating defects on the 
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end coils of the transformer due to corona were almost entirely 
eliminated. 

I have conducted some experiments with electrolytic recti- 
fiers consisting of 400 aluminum saucers with tin plates in the 
center, separated with glass separators, and each saucer filled 
with a bicarbonate of soda solution and the whole rectifier 
encased in a glass tube, the idea being to eliminate the me- 
chanical rectifying switch, and while good results were obtained, 
yet only one side of the wave was commutated and the cost of 
the apparatus was prohibitive and very uncertain. I also 
operated a test with some large mercury valve tubes. As the 
result of my investigation I finally decided that a positive 
contact switch commutating the entire wave was the most 
practical and most efficient device. 
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DISCUSSION ON “ FRACTIONAL Horse Power Motor Loap,” 
(LESTER), CLEVELAND, Оніо, Marcu 19, 1915. (SEE 
PROCEEDINGS FOR Marcu, 1915.) 

(Subject to final revision for the Transactions.) 

G. H. Garcelon: Mr. Lester, in his paper, has brought out a 
point that will bear further discussion; namely, the question of 
selecting a motor to operate a given device and give the best all- 
around service when used on the different circuits encountered 
over the wide area in which motor-driven devices are applied. 

Motors manufactured and sold in quantities for application 
to motor-driven devices to be marketed broadcast must neces- 
sarily follow some standard. This is true from the standpoint 
of economical manufacture by the electrical company and also 
from the standpoint of the stock carried by the resale manufac- 
turer at his factory and his various agencies. 

The sale of motor-driven devices with motors wound for special 
voltages or frequencies is unprofitable for both manufacturers. 

On this account, motors for this class of service and of sizes 
suitable for operation from lighting circuits are generally rated 
at 110 volts 60 cycles or 115 volts direct current. Inasmuch as 
by far the greater percentage of fractional horse power motors 
are operated from single-phase a-c. circuits, the following points 
wil bear on this type,although they may be applied equally 
well to d-c. motors with certain limitations. 

Most lighting circuits supply current at 110 volts 60 cycles 
but there are circuits rated at 104 volts and even as low as 100 
volts. On the other hand, 120-volt circuits are frequently en- 
countered. 

Of course it is impossible to maintainauniform voltage through- 
out a distributing system, which again results in voltages vary- 
ing from standard. Circuits which are loaded at times to their 
full capacity and often beyond it, give rise to varying voltage 
at a given point. The current drawn by a motor at starting and 
on overload also causes an additional drop in voltage in the local 
circuit and variations under the different conditions. 

For the foregoing reasons a motor must be designed to satis- 
factorily operate the device to which it is attached under condi- 
tions which are far from ideal. Unfortunately the torque de- 
veloped by a motor varies as the square of the voltage applied 
to its terminals so that at 90 per cent of its rated voltage it 
develops but 81 per cent of its normal torque. This is partic- 
ularly detrimental under starting and maximum load conditions. 
Furthermore, the voltage at the motor terminals 1s lowest, due 
to local line drop, when high voltage is most needed; namely, 
at starting and on overload. 

From a consideration of these points it is evident that, to give 
universally satisfactory service, a motor must not only have 
sufficient capacity to handle its attached device under very 
ünfavorable conditions due to low voltage, but also must con- 
tain a liberal amount of active material so that it will not be 
injured by voltages above normal. 


- 
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From the experiences of the manufacturers of motors and 
motor-driven devices it has been demonstrated that motors for 
this class of service should be so applied that, on the basis of 110- 
volt rating, they will satisfactorily handle the device under its 
maximum load at 90 volts and also operate on 120 volts without 
injury to the motor. This means that a motor operating on the 
highest permissible voltage must have torques approximately 
80 per cent in excess of that required to perform its normal 
functions. 

Coupled with this, consideration must be given to the effect 
of manufacturing variations in both motor and driven device 
as already pointed out in Mr. Lester’s paper. These variations 
will be at least 10 per cent in each case which gives the condition 
that the best motor, on the best device, at maximum voltage, 
is at least twice the capacity that would be required under ideal 
conditions. On the other hand, care must be exercised to keep 
the capacity of the motor to a safe minimum in order to produce 
a motor having the lowest cost, best performance, Ifghtest weight 
and smallest starting current consistent with safe and reliable 
operating characteristics. р 

As previously stated, the prevailing alternating-current light- 
ing circuit is supplied with 60-cycle current, hut many circuits 
are encountered which show variations in frequency, as well as 
circuits rated at 60 cycles which are in reality several cycles 
higher or lower. While such variations are a smaller percentage 
from standard than the voltage variations, and consequently 
of less effect on a motor, yet they must be considered in its design 
and application. 

Variations in frequency have effects on the torque of a motor 
similar to voltage effects but, as previously mentioned, the per- 
centage variation is smaller and is generally disregarded in the 
design of a motor as far as torque characteristics are concerned. 
It is assumed that the allowance for voltage variations will give 
sufficient margin of safety. 

Manufacturers of motor-driven fan-type blowers of any kind 
must give this point consideration, however, owing to the rapid 
increase in power required when the speed of the fan is increased. 
The speed of most widely used single-phase motors is a function 
of the frequency and the torque varies inversely as the square of 
the frequency. From this it follows that high frequency not 
only increases the load but decreases the torque available. The 
principal cause for giving variations in frequency careful consider- 
ation in the design of a motor for a given device arises from the 
fact that most commercial motors for single-phase operation 
employ one or more centrifugally operated auxiliary devices 
used for starting; such as switches, governors, clutches or some 
combination of the three. 

These devices are designed to operate at some predetermined 
speed bearing a definite ratio to the synchronous speed, which 1s 
of course fixed for a given motor by the frequency of the supply 
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circuit. Hence, if the frequency differs from that for which 
the device is designed, the ratio of its operating speed to the 
actual synchronous speed of the motor is altered, and the operat- 
ing characteristics of the motor variously affected depending 
upon the function of the centrifugal device or devices employed. 
This feature is one which is primarily the problem of the motor 
manufacturer but should be borne in mind by the resale manu- 
facturer when itis known that a machine is to be operated on a 
circuit varying from standard frequency. Consultation with 
the motor manufacturer is to be recommended in such cases unless 
previ ous experience with the same type motor has demonstrated 
that the variation has no detrimental eifects. 
AM. these factors coupled with the zeal of the resale manufac- 
turer to obtain the cheapest possible motor-driven outfit, render 
- the application of a small motor to such apparatus а real problem 
and make it highly desirable to have the application made jointly 
by the engineers of both manufacturers. 
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DISCUSSION ON “ FIXATION OF ATMOSPHERIC NITROGEN," (SuM- 
MERS), NEw York, Marcu 12, 1915. (SEE PROCEEDINGS 
FOR Marcu, 1915.) 

(Subject to final revisson for the Transactions.) 

Joseph W. Richards: In considering the arc process, we can 
say that it is essentially an electrochemical process. Last summer 
I had the pleasure of visiting the largest of these plants in opera- 
tion at Rjukanfos, in Norway. Іп a valley that five years ago 
contained five houses, there is now a town of ten thousand 
inhabitants, with a power plant of 250,000 h.p., and they are 
shipping their products practically all over the world. 

The cyanamide process had also its origin in an electrochemical 
establishment. Мг. Wilson, down in the South, tried to make 
aluminum in an electric furnace. He put some lime in the furnace: 
accidentally making calcium carbide. "That was the root of the 
cvanamide process, so that it is essentially electrochemical in 
its origin. 

The Serpek process originated in the discovery that metallic 
aluminum could absorb nitrogen from the air, and that the pro- 
duct when acted upon by water gave off ammonia, giving rise 
in the mind of Mr. Serpek to a commercial method for manu- 
facturing aluminum nitride, and decomposing it to get ammonia. 

The thing that makes these processes most interesting, is 
their wonderful inefficiency from the thermal and energy stand- 
point. Regarding the 250,000 h.p. used in Rjukanfos, Norway, 
there is actually utilized for the chemical operation 3500 h.p. 
All the rest of the 250,000 h.p. is lost, the efficiency of that opera- 
tion being about 1.4 per cent on the power used. We were used 
to such inefficient operations in the past, in such cases, for 
example, as melting crucible steel, which had a fuel efficiency of 
2 per cent; but in so many cases have we progressed that the 
wonderful room for improvement here 1$ one of the most striking, 
one of the most interesting and most attractive things about the 
whole subject to the electrochemical engincer. 

The cyanamide process, however, does considerably better 
as far as power consumption is concerned, and it rises to over 6 
per cent, as I calculate the thermal efficiency. Mr. Washburn's 
remarks as to the very favorable comparison of the cyanamide 
process to the arc process, probablv has its deepest root in the 
higher thermal efficiency. The Serpek process, if it could be 
worked, would be approximatelv of the same thermal efficiency 
as the cyanamide process, but up to the present time it has not 
been commercially operative, although perhaps a half million 
dollars has been spent upon experimental work. One cannot 
help feeling, however, that something may result from that 
expenditure and that by some modifications of their fundamental 
ideas, as to how to conduct the process, the process may become 
commercially successful. 

The Serpek process produced alumina as а буро, Ни 
produced all the alumina required in the aluminum industry, 


pp el D o оаа ыыы НН ке е ъ= шщ  + п — ee 3 


1915] DISCUSSION AT NEW YORK 2657 


there would be only 40,000 tons of nitrogen produced yearly as 
a maximum. 

Theoretically the union of nitrogen with oxygen at 100 рег 
cent efficiency should give about 1 kilogram of nitrogen per h.p- 
hr., or approximately 1320 g. of nitrogen per kw-hr. The 
cyanamide process gives about 70, and the arc process about 16, 
so that the great room for improvement is at once evident. 

The possibility of converting the ammonia produced from 
cyanamide into nitric acid by a highly efficient process is un- 
doubtedly an important question. I have seen one such process 
in operation at between 90 and 95 per cent efficiency on 
the ammonia produced. Allthese small details of the operation 
of the process fade, I think, when considering. the thermal 
inefficiency and the great room for improvement which is still 
possible. It is such a rapidly advancing art that I do not wonder 
that the putting of money into buildings gives one great con- 
cern, because there is no knowing at any time but what some 
electrical engineer, or electrochemical engineer will come along 
with a process about twice as efficient. This efficiency would 
threaten to scrap all the processes now in operation. The 
whole subject appeals to us all as being one of the best applica- 
tions of modern chemical and electrical science to industry; 
one which has an immense, almost inconceivable, future. 

J. L. R. Hayden (by letter): In the discussion of the limita- 
tion of the arc furnace process the possible concentrations are 
calculated onthe basis of the thermodynamic equilibrium, though 
the work of Haber makes it very doubtful, whether the arc 
furnace process is a thermodynamic one. 

An extensive series of investigations, which I made some years 
ago in Dr. Steinmetz’s laboratory, led me to the conclusion that 
in the fixation of nitrogen by the electric arc the conditions of 
thermodynamic equilibrium are of secondary, if of any moment; 
and the process is essentially an electric one. A series of experi- 
ments with arcs of different temperature seemed to show no direct 
relation of the NO concentration to the arc temperature as 
depending on the arc stredm material. In order of their NO 
producing efficiency, the arc electrode materials arranged them- 
selves in the following order: 

Iron: Highest NO concentration, 

Titanium, 

Carbon, 

Copper: Lowest concentration. 

While the order of the boiling points of these materials is: 

Carbon: Above 3600 deg. cent. 

Titanium: About 2700 deg. cent. 

Iron: 2450 deg. cent. 

Copper: 2310 deg. cent. 

Carbon, of the highest arc temperature, is very low in effi- 
ciency, while iron and copper, with approximately the same arc 
temperature, are at the opposite ends of the scale. 
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With low-temperature arcs, as the mercury arc, it is easily 
possible to get concentrations above those representing the 
thermodynamic equilibrium. | 

From this and other results of the investigation, I am led to 
the conclusion that the NO production by the electric arc is 
essentially a dissociation phenomenon. In the arc stream, the 
molecules of oxvgen and nitrogen are dissociated into free atoms, 
and when leaving the arc stream, these atoms combine with 
each other by the probability law. Аз air contains four times 
as much nitrogen as oxygen, each oxygen atom has four times as 
much chance to find a nitrogen atom as an oxygen atom, and 
thus four NO would be formed for every Os and in the same 
manner 4 №; for every NO. The gases leaving the arc stream 
should, therefore, be a mixture containing 32 per cent NO. 
As at high temperature the reaction velocity is extremely high, 
the NO concentration rapidly falls to the low concentration of 
the thermodynamic equilibrium. The more rapidly the gases 
are cooled down to the temperature where the reaction velocity 
is low, that is, the mixture stable, the higher a percentage of NO 
would be preserved. Also, the lower the initial temperature, 
that is, the arc temperature; the higher, with the same rate of 
cooling, should be the NO production. The low temperature 
arc therefore should be the most efficient. In agreement with 
this, is the above table, where with the exception of copper, the 
materials arrange themselves in their efficiency of NO produc- 
tion about inverse to their boiling points. Тһе abnormally low 
efficiency of copper may be explained by the tendency to in- 
stability of the copper arc. 

David B. Rushmore: In all the talk of conservation that has 
been going on for the last few years, we have had a great deal 
that was thoroughly high-class and desirable, and a great deal 
that was not. Practically nothing has been said about the fact 
that our civilization is absolutely founded on from four to six 
inches of soil on the surface of this earth, and the conservation 
of that thin layer is an absolute necessity. We in this country 
have not yet learned very much about how to do it. 

Now, the object we are after, or one of the objects in manu- 
facturing nitrogen products, is not necessarily to make the 
cheapest fertilizer. What we are after is the cheapest finished 
product, and in many cases the finished product of one industry 
is the raw material of another. The finished product of the 
fertilizer industry is the raw material of the agricultural industry, 
and that is very little understood. As Mr. Washburn has just 
said about the manganese sulphate, you used to hear a man just 
becoming interested in agriculture talk about fertilizing as if it 
was the simplest thing in the world—you simply analyze an apple 
on the tree, find what is the percentage of the different elements 
11 it, spread these elements at the root of the tree, and that is 
all. Asa matter of fact, there is a vast deal to learn—how the 
elements of the fertilizers react upon each other, and react upon 


pe 4 ыы. 4) іы. Aes, NET Pane Cw de +) NER E 


1915] DISCUSSION AT NEW YORK 2659 


the elements that are already in the soil; how they become avail- 
able for plant life. We must also bear in mind the fact that the 
operation of fertilizers in a grove of trees must necessarily be 
intermittent, that it is affected by a certain amount of rainfall 
and sunshine, which evaporates and washes away the constituents 
of the fertilizer, and also that the action of bacteria is just begin- 
ning to be understood. This leads us to suppose that our present 
mode of applying fertilizers to plant life is probably extremely 
crude and inefficient, and that we know but a very small per- 
centage of what ought to be known of the best form in which 
these fertilizers should be applied. 

A point of view not generally understood and appreciated is the 
close relation between the production, transmission, transporta- 
tion and distribution of energy and of commodities. Mr. Wash- 
burn brought out a point in regard to the necessity of nearby 
water transportation which is extremely interesting and is very 
important; and also the point that a great deal of the interest 
in nitrogen processes is because of the healthy and well-founded 
search on the part of our power companies for a load for their 
excess capacity and for an intermittent demand. 


If Mr. Washburn’s statement in regard to transportation is 


accepted in a very definite sense, it would mean that water power 
if removed from water transportation could not look forward to 
this load, but waterpowers removed from water transportation 
are often surrounded by very large agricultural regions. These 


must be fertilized in some way, and might as well draw on a ` 


center of local supply—take it somewhere between the Mississippi 
and the Pacific Coast—as to ship in fertilizer from one end. 
am sure Mr. Washburn, whois most unusually situated as a nitro- 
gen manufacturer and a water-power operator, simply did not go 
into the detail of his meaning. 

To me one of the most interesting things brought out in the 
first paper is the reason for the limitation of the process along 
certainlines. I happened to know people who were experiment- 
ing—I am not sure how intelligently—on improvements of the 
arc process; without a knowledge of the fundamental factors that 
enter into the situation, and without knowing just the part 
played by the electric field, which has not been mentioned to- 
night, the temperature and pressure and velocity of change. It 
seems to me without this knowledge a very great deal of blind 
and expensive experimenting would: necessarily follow. It 
is not clear to my mind why the electric field, which can work 
on the oxygen molecule to dissociate the atoms in the form of 
ozone, and if compressed a little further, as we know, results in 
nitrous oxid—why that electric field could not be a possible factor 
in a process of this kind. 

Charles А. Doremus: Provost Edgar Е. Smith of the Uni- 
versity of Pennsylvania has written a book on '' Chemistry in 
America." In that volume he gives three reprints; one a paper 
by Robert Hare a member of the Philadelphia Chemical Society, 
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written in 1801. Hare gives a picture of the oxy-hydrogen ap- 
paratus and his blowpipe, and it has taken us seventy-five years to 
come to the practical use of the process of oxy-hydrogen welding 
and cutting, and the oxy-acetylene process. The second is an 
annual address by Henry P. Smith, of that same society, de- 
livered in 1798, worthy of reading, as showing the wide knowledge 
that these men possessed of the possibilities of chemistry in this 
country and the influence of that science upon the growth of the 
nation. The last is an address delivered in 1801 by Dr. Felix 
Pascalis, in which he refers to the manufacture of nitric acid from 
the nitrogen of the air, by the improved apparatus of citizen 
Guyton de Morveau. | 

It has required a world conflagration to make us appreciate 
our possibilities, and there is no more fertile ground to work on 
in this country than that which Mr. Washburn has pointed out. 

Е. У. Henshaw: Iask Mr. Washburn if he will be kind enough 
to elaborate a little further on the necessities of location. Is the 
necessity for a cyanamide plant being on tide water, or where 
there is water transportation, based on the requirements for raw 
materials, or has it any connection with the shipment of finished 
products? 
© Frank B. Washburn: Іп my reference to the limitations of 
the interior point of manufacture, I had in mind the manufac- 
turing of ammonia phosphate, which requires not only the raw 
materials used in cynamiding, but also phosphate rock. Phos- 
phate rock 1s found in this country practically in only two places, 
in the state of Florida and the state of Tennessee. It is a low 
grade material, and its transportation by water from Florida is 
very cheap. Its transportation by rail to the interior is very 
expensive. If it were purely a question of a cyanamide factory, 
there are interior points that would serve the agricultural re- 
quirements of the neighborhood and environment, just as Mr. 
Rushmore surmises. Beyond all that, my remarks were affected 
by the broad plan which those who have given the subject 
consideration, think must be adopted to make the best success 
of a modern nitrogen undertaking. It has got to be a case of 
concentration, of a large organization made up of the very best 
skilled and selected men that can be found. In anything which 
has to do with the electric industry, there is a tremendous advant- 
age in manufacturing at one point, because almost every process 
gives rise to what may prove to be the raw material for an addi- 
tional process. Therein lies the success for the Germans, and 
therein lies the handicap of the United States in going into the 
chemical industry and taking, as many of us have discussed and 
debated doing, the trade during the time that the German т- 
dustries are idle. 

Therefore, from that point of view we have not considered, and 
of course could not consider, locating in a great many places. 
The cost of transportation of raw materials—phosphate rock, 
for instance—from almost any part of the Atlantic, in fact from 
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down on the west coast of Florida into Canada, by water, is 
cheaper than the transportation of that same material out of 
Florida a few miles north of the Florida border by rail. The 
transportation of coal which is converted into coke has many of 
the same aspects. The transportation of the finished product 
has to be done at the cost of handling it and loading it into the 
ship and out of it, as the boats would otherwise return empty from 
any large water-power plant having deep sea entrance. Practi- 
cally the same conditions apply to our investigations on the 
west coast. 

So, as a general statement, the practical thing to do in a great 
manufacturing industry, employing water-power running into 
the hundreds of thousands of horse power, is to locate within a 
seventy-five cent barge rate of New Orleans on the Mississippi 
River system, or upon deep water, or where deep water can be 
reached readily on the Pacific or Atlantic coast. 

F. V. Henshaw: What would be the relative tonnage in the 
phosphate ammonia process,—the tonnage of the raw material 
and finished product, 5 to 1, 10 to 1? 

Frank B. Washburn: I think in the case of ammonia and 
phosphate it would be 4 to 1, probably. 

Leland L. Summers: I want to answer Mr. Rushmore's 
question, as it seems to apply particularly to the point I raised: 
Why is not the electrical effect of the arcing system with its 
ionizing element, of tremendous importance? The electron 
effects under partial pressure are verv pronounced. The ques- 
tion arises why should we not use such a process as the arcing 
svstem, where there is a tremendous magnetic field distorting 
the arc. so that the flame expands into a wheel six or eight feet 
in diameter and sounds like a battery of artilery when you 
open the furnace. It 15 amazing that there should not be а more 
pronounced electronic or ionizing effect. The truth is at these 
temperatures dissociation is so active, though you had an elec- 
trical effect you cannot remove the product with sufficient 
rapiditv. The final effect in all the arcing processes is due to 
thermal energy only. 

You asked more in regard to ozonizing and low tempera- 
ture work. Ozone is produced almost entirely at low tempera- 
ture. И you use an incandescent wire and liquid air, you can 
produce ozone, so that you might refrigerate oxygen some 
time in an active form. You might activate nitrogen Бу tem- 
perature, and hold the oxygen in a more active form, produce 
chill, and in that way produce a greater effect and be free from 
this temperature of dissociation. It is entirely theoretical. 
It has been experimentally done and some interesting results 
obtained, but I do not know of any actual applications com- 
mercially. | 
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DiscussioN ON “ THE MULTIPLEX Cost AND RATE SYSTEM” 
(GOLDMAN), PORTLAND, ORE., JANUARY 5, 1915. (SEE 
PROCEEDINGS FOR Mary, 1915.) 

(Subject to final revision or the Transactions.) . 

julian Loebenstein (by letter); Mr. Goldman discusses 
what he calls growth factor. Just what does he mean by that 
term? It seems that since he increases the fixed charges in order 
to take care of future growth, he expects to make extensions 
from earnings. This has been done in the past, but will the 
public service commissions permit it in the future? In other 
words, according to modern practise, extensions should be 
made from capital, not from earnings. Of course, if the com- 
pany is in a position to pay a fair dividend but prefers to in- 
vest the dividend moneys in extensions, capitalizing those 
expenditures, no commission would find fault; but it is far 
from likely that two charges will be allowed as part of the 
rate, one to take care of future extensions and another allowed, 
in itself large enough to yield a fair dividend. | 

That this is the stand taken is shown in the decision of the 
New York Public Service Commission, First District, in the 
case of the Queensborough Gas & Electric Light Co., decided 
June 23, 1911. Commissioner Maltbie says: 

“ Furthermore, it is not reasonable to require consumers to 
pay higher rates than they otherwise would be required to pay 
in order that these higher rates may provide funds from which 
to construct additional plant, which becomes the property of 
the company. Such plant and property is ordinarily paid for 
out of capital, but whether this course is followed or the stock- 
holders voluntarily relinquish a share of their dividends in 
order to increase the value of their property, has no relation 
to this case. Suffice it to say that the consumer should not 
be required to pay higher rates and thereby make a donation 
to the company or to its stockholders.’’ 

And again in the case of the Central Yellow Pine Associa- 
tion vs. І.С.К.К.Со., 10 I.C.C.Rep. 505, the Interstate Com- 
merce Commission says: 

". . 4. . this Commission cannot properly permit ап 

advance in rates with the intent to produce an accumulation 

of surplus for this purpose." (This purpose being the making 
of extensions.) 

Perhaps Mr. Goldman means to use this 20 per cent charge 
for the amortization of inadequate and obsolescent machinery, 
machinery made inadequate by the growth of the plant. If 
that is the case, why not call it by a more descriptive and 
better known name? Why not call it depreciation reserve? 

L. C. Tomlinson (by letter): The scientific investigation of 
the exact premises upon which to found all systems of charges 
for all public utilities is now attracting the thought of unbiased 
men outside of the employment of the companies supplying 
the public service or associated with companies in other fields 
of activity. 


1915] DISCUSSION АТ PORTLAND, ORE. 2663 


Until the last few years the subject of systems of charges has 
been discussed in printed articles or public addresses in almost 
every case by persons in some way allied with companies supply- 
ing the service under consideration. We find a man expound- 
ing his own views on a new rate just established by his com- 
pany that will be more attractive to the consumer than all 
the rates now in existence; or an address will be given in which 
a number of rates that have proved the best business -getters 
will be explained by concrete examples. However, in practically 
every case, these new rates have been only new methods of 
presenting the gross bill to the consumer; merely examples of 
the art of bill-making. In no case is the true fundamental 
system of charges given more than a passing thought. 

Mr. Goldman takes for his foundation the exact premise 
that all systems of charges formed by purveyors of public 
utilities must be based upon the costs of supplying a specific 
utility. While he does not say so, he implies that the elements 
upon which the costs depend are demand, quantity and time. 
These three elements are the base of all systems of charges for 
all public utilities, as I have shown in an article in the Elec- 
trical World, vol. 63, page 830 (April 11, 1914). 

In the “ daily variations ” and “ seasonal variations " Mr. 
Goldman combines the demand and the time elements, daily 
and seasonal, to obtain the fixed charge cost and to this cost 
adds an operating cost which combines the quantity and 
time elements, daily and seasonal. 

He has advantageously divided the time element into periods, 
but has forgotten that the other two fundamental elements 
can also be indefinitelv divided. In his illustrations he has 
seriously handicapped himself Бу assuming that consumers are 
segregated into classes. No advantage is gained by making 
this hypothetical division of consumers. On the contrary it 
has a decided detrimental effect upon the soundness of the 
theory he is trying to establish. The reader is led to believe 
that there are and must be other methods of computing the 
cost for his other hypothetical classes of consumers. I cannot 
see why there need be any change in the text if any one of the 
various classifications so commonly used by supply companies 
was substituted in place of the class that the author has de- 
signated by the word “ power.” 

After Mr. Goldman has so admirably developed his theory for 
determining the cost of service he begins to hunt excuses for 
the impracticability of the theory he has established and the 
methods of application. He finally seeks cover under the 
timeworn cloak of averages, and allows himself to follow the 
path of least resistance by taking a “ flat rate ” for any service. 

The time-wattmeter that the author thinks so impractical 
is not a new instrument. At present there are upon the market 
a number of feasible time-watt-hour meters that are accurate 
and not costly. In fact they cost no more than the earlier 
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watt-hour meters did when they were first placed in com- 
mercial service. 

No doubt the companies manufacturing wattmeters will 
develop any class of meter at a reasonable cost just as soon as 
a company supplving a public utility service desires it. The 
manufacturing companies, in truth, generally lead the demand 
of the supply companies in new equipment. 

O. B.Goldman: In going over Mr. Loebenstein’s discussion, 
we are forced to the conclusion, that he has misunderstood 
what is meant by growth factor, for we certainly agree with his 
conclusion that no company has the right or privilege to charge 
the public for extensions or new construction or additions on 
which thereafter they may charge interest, profit etc. We 
have placed ourselves on record as to this point in a talk some 
three years ago before the annual convention of the Idaho 
Society of Engineers at Weiser, Idaho (Vid. Proceedings Idaho 
Soc. of Eng., No. 1, Vol. III.) 

What is meant bv growth factor is this: Suppose a given 
plant consists of three 3000-kw. generators that have now 
reached full load, and that there is a demand for another 1000- 
kw. It would be more advisable to install another 3000-kw. 
unit and be in position to take care of still further growth 
than just to install a 1000-kw. unit; and the same thing is still 
more true of line construction. Who then, should pav for this 
idle part, т.е. the interest, etc., charges on it? If the company 
must, then it will not be done and the public will in the end 
have to pay high for lack of foresightedness on the part of the 
company. The public should therefore pay this, for the com- 
pany is merely the agent of the community it serves, to be 
paid in proportion to the quality or lack of quality of its ser- 
vice. We certainly do not mean depreciation reserve. 

Mr. Tomlinson's opening statement is interesting and no 
doubt based on personal observation. Naturally those en- 
раре in a certain business are best qualified to first. discuss 
problems allied to that business. He states that I imply the 
elements of demand, qualitv and time, referring to an article 
of his in the Elec. World of April 11, 1914. 

The first article on this was published Бу us Jan. 17, 1914, 
in the Journal of Elec. Power and Gas of San Francisco, Cal. 
Mr. Tomlinson's letter to the Elec. World, referred to above, 
we found to be all generalities, and that he defined demand, 
quantity and time as follows: 

“Тһе demand that the consumer is likely to make on the 
supplving companv 

“The quantity of the commodity or service that the con- 
sumer takes or uses, and 

“The time at which the consumer makes the demand, and 
the quantity then taken and used.” 

The elements that I use refer to the aggregate of all cus- 
tomers, so that customers obtain a certain rate per period. 
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Therefore customers having the same demand, quantity and 
time take different rates if under different svstems where the 
aggregates are different. Furthermore, I do not imply the ele- 
ments I use, but indicate each clearly by symbol that I use in 
my cost calculation, and their definitions are given definitely. 
All the elements as I define them in all my calculations should 
therefore be evident. 

He then makes the following unsupported statements, that 
we have '' forgotten that the other two elements (demand and 
quantity) can also be indefinitely divided " and that we have 
‘seriously handicapped ” ourselves by segregating customers 
into classes. 

We cannot get any where, without starting from an agreed 
premise and thence step by step, each fully proved, to our 
conclusions. 

He concludes by saving that “after Mr. Goldman has so 
admirably developed his theory for determining costs, he be- 
gins to hunt excuses for the impracticability of the theory he 
has established, and the methods of application." Certainly 
Mr. Tomlinson must know that there is a wide difference be- 
tween the development of a theory and its practical applica- 
tion. The latter requires much good judgment, knowledge 
of human nature and of existing conditions. It certainly is 
poor judgment to spend 25 cents to bill a 15-cent charge. 
We have not attempted a solution of the practical application 
of the multiplex cost and rate system. А theory is merely a 
compass to guide the application in the right general direction. 

e have merely sketched a possible outline based upon criticism 
and suggestion of such men as Mr. Caldwell, Gen. Supt. of 
the Portland Ry. Lt. & Pr. Co., Mr. Max Thelen, President 
R. R. Commission of California, Mr. Mervin, Engineer of the 
Northwestern Elec. Co., and other men of unusual ability and 
knowledge in this line, covering a period of over two years. 
You will therefore find the suggestions in thelatter part valuable, 
the group classification absolutely good and necessary, but 
much, very much remains to be done. 
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DISCUSSION ON “ Factors INVOLVED IN MOTOR APPLICATION," 
(RUSHMORE), CLEVELAND, OHIO, Marcu 19, 1915. (SEE 
PROCEEDINGS FOR Marcu, 1915). 

(Subject to final revision for the Transactions). 


THe Factors INVOLVED IN MOTOR APPLICATION, WITH PAR- 
TICULAR REFERENCE TO THE RUBBER INDUSTRY 


А. Р. Lewis: Within the last five years the impetus received 
by the rubber industry has necessitated special motor applica- 
tions to facilitate production. The first installations, however, 
developed the fact that there were several conditions to be met 
which differentiated the drives from certain standards assumed. 

Not less than 75 per cent of the total energy in the form of 
mechanical motion is utilized in the treatment of the crude 
material before it reaches a condition where manipulation is 
dependent upon the product. It might be inferred, therefore, 
that the engineer would encounter his major problems in these 
stages of the manufacture, and such 1s the case. 

There are three kinds of machines for advancing the process 
which require special motor applications, viz., washers, mixing 
and warming mills, and calenders. While the functions of the 
washers and mills are not the same, their design and load char- 
acteristics are similar and may, therefore, be merged when con- 
sidering driving units. = 

A brief digression may not be inopportune to acquaint those 
unfamiliar with the action of these machines. 

All wild rubbers have foreign matter in them held in physical 
suspension. It is the work of the washer to remove this. The 
machine consists of two end housings, and journals which 
carry two rolls in a horizontal plane, whose surfaces are riffled, 
and which are turned at different surface speeds. The rubber, 
in pieces, is passed between the rolls, while water is played on 
it, and the tearing action soon liberates the dirt, which is washed 
out. These machines are always operated at a constant speed. 

After the rubber has been thoroughly dried, it has to be 
mixed with sulphur and other ingredients to give the vulcanized 
product the qualities desired. This mixing is accomplished on 
a mill which 1$ much like a washer, but of larger proportions, 
and with smooth rolls. These mixing mills are also operated 
at a constant speed. 

Following the seasoning period, it becomes necessary to either 
sheet the rubber out in a variety of ways, or to apply it to 
fabric. This is done on a calender, which usually consists of 
three or four superimposed rolls, which may be run at the same 
or different surface speeds by means of end roll pinions. These 
rolls are capable of very fine adjustment. The ability to vary 
the speed plays a very important part in the efficient working 
of the rubber calender. 

With this brief digression concluded, it may be noted that 
the principal motor applications simmer down to two in number, 
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one for constant speed, the other for adjustable speed, but 
both for heavy duty. 

Reference may now be made to Mr. Rushmore's complete 
synopsis by number, with reference to design of the mill or 
washer driving unit. 


1. Alternating or Direct Current Available? We will assume | 


that alternating current is available, as it 1s the logical system 
to use for several reasons. 

(a) Over 60 per cent of the electrical energv is transformed 
to mechanical motion bv constant speed motors. 

(b) Central station energy may be utilized with minimum 
loss. 

(c) Large blocks of power may be transmitted efficiently. 

(d) First cost and maintenance of the svstem 1$ lower. 

2. Voltage and Frequency. The potential should not be less 
than 440 volts in the system, and 2200 volts may be advisable, 
stepping down, if necessary for building or departmental dis- 
tribution. А standard frequencv of 60 cycles, should, I believe, 
be rigidly adhered to. Some few vears apo there may have 
been arguments in favor of 25 or 30 cycle systems in plants 
using synchronous converters, due to their superior operating 
characteristics at low frequencies. The advance of the art 
has remanded those arguments. 

3. Capacity of Generating Station and Line. This particular 
feature will vary with each instance, and need not be elaborated 
on. As in nearly all industrial applications, the generating 
station may be assumed to be working at or near capacity, and 
therefore starting currents for large motors are limited. 

4. Description of Machine to be Driven. The function and 
brief description of washers and mills has already been pre- 
sented. They are direct connected to a line shaft turning from 
80 to 100 revolutions per minute, and the mode of operation is 
such as to require motors designed for continuous service. The 
speed of the mills or washers is limited by two features, first, 
by the action of the rolls on the rubber and the ability of the 
operator to handle the stock properly, and secondly by the 
mechanical limitations of excessive wear and vibration. High 
speed on rubber machines, as designed today, 1s of question- 
able value, as maintenance costs rise out of all proportion to 
the product passed. 

5. Method of Drive. The individual drive for rubber machines 
of the class being discussed should not be considered where 
avoidable. The very apparent reasons are ones of first cost, 
floor space, and motor efficiency. Оп the other hand, too wide 
a limit must not be exceeded in a group drive, or maintenance 
cost will go up. I believe that the most economical rubber 
mil drive contemplates the use of not over eight mills per 
motor, with preferably six. With this number, the drive shaft 
length is restricted, distortion is negligible, and with properly 
designed mechanical appliances, repair costs are practically nil. 
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All troubles on mill drives with which I am familiar тау be traced 
back to mechanical deficiencies, excessive vibration, mis-align- 
ment, shaft-whipping, or eccentricities, all of which act cum- 
ulatively, and revert to the motor with disastrous results. 1 
mention these points to impress the close relation between 
mechanical and electrical problems. 

The low speed of the line shaft necessitates a reducing mem- 
ber from the motor. Belts are precluded, but motors may be 
connected through a suitable clutch or coupling to the high- 
speed member of a chain or gear reduction. I am inclined 
to favor a flexible coupling on the motor shaft in combination 
with a suitable drum to which a mechanical brake may he applied. 
This avoids one piece of apparatus, subject to repair or in- 
spection, and the brake effects a safety device for quick stop- 
ping. The use of chain or gears is optional. The chain, no 
doubt, has a good point in relieving the pinion shaft of heavy 
impact, but it will probably exceed the gears in first cost and 
space occupied. The gears, if used, should be in a self-contained 
unit, held in rigid alignment, and operating in oil. I mention 
these mechanical features as the satisfactory operation of the 
motor depends largely on the proper design and installation 
of the driven machinery. 

6. Load Conditions. 1 have previously stated that individual 
drives should be avoided. The method of operating mills is 
such that the load is variable in the extreme, and machines 
should be grouped to take advantage of the diversity factor. 
Figures will illustrate this effect. A 22 inch by 60 inch mill 
for individual drive will require, in most cases, a 100-h.p. motor, 
but when grouping these mills, we can readily reduce the total 
average consumption of a mill to from 55 to 65 h.p. The aver- 
age graph from a group of mills will show a minimum load of 
50 per cent of the average, and peaks of from 150 to 175 рег 
cent of the average. These figures are merely illustrative. 
The peaks are apt to be prolonged, and must, therefore, be 
provided for in pull-out torque design. Their heating effect 
is inconsiderable. Тһе use of a flywheel may be of decided 
advantage in some cases, but is not generally used. I believe 
its general adaptation might be advantageous. 

7. Starting Conditions. The cumbersome design of the ma- 
chines in question is such as to effect an extreme condition in 
starting. This is especially true after periods of shut-down, 
when the lubricants become more or less disseminated. Mill 
motors are not started frequently, but provision must be 
made for quick stopping of the machines, reversal of the motor, 
and starting the machines again in the opposite direction. 
This brings up again ту line of argument in favor of phase- 
wound motors, mechanically connected to the driving unit 
with a flexible coupling. It is obvious that this unit can be 
disconnected from the line, mechanically braked, phases re- 
versed, and started, in much less time than a motor which is 


1915] DISCUSSION АТ CLEVELAND 2669 


clutch-connected, and must be disconnected from the line by 
hand and the momentum allowed to decrease before reversing 
and starting up. Furthermore, the latter motor must be up 
to speed before the line 1s actually reversed, by throwing in 
the clutch. As a safety precaution, moments count, as the 
heat of the rolls is very harmful to the operator, who may be 
caught, and in fact, it 1s apt to cause more trouble than the 
crushing. 

8. Speed. The low speed of the line shaft 1s such as to have 
led the engincers to adopt motors whose synchronous speed 
has, as a rule, not been over 600 revolutions per minute. The 
size of motors usually emploved at this speed is such as to in- 
sure rigid construction, usuallv with pedestal bearings; vibra- 
tion is a minimum, and spced reduction on the order of 6 to 1. 
Moreover, it is ту opinion that the increased diameter of the 
slow speed rotor, together with its weight, gives more flv wheel 
effect than the higher speed rotor, with decreased weight and 
diameter. I have no figures at hand which substantiate this, 
however, it can be easily checked. 

9. Control. The control will differ with the type of motor, 
but several features are obviously required. No automatic 
controls are necessarv, and would only require a comparatively 
high investment and upkeep. The starting equipments must 
be as near fool-proof as possible, as they are to be operated 
by inexperienced employees. 'The primary switch should in 
all cases include no-voltage release, and inverse time limit 
relays. The former is connected to the safety bar over the 
mills by a suitable means, as 1$ also the tripping mechanism for 
the brake or clutch. Phase reversal 1s accomplished by means 
of a knife or oil switch, conveniently located near the starting 
apparatus. 

10. Conditions of Location. Conditions surrounding the motors 
in the plant are not of the best. The principal troubles are 
occasioned by two things; the chemical union of the sulphur 
dust with exposed copper, and the clogging action of the dust, 
which penetrates the most obscure places. These two con- 
ditions suggest the following precautions: to avoid the exposed 
contact, and provide dust-proof bearings. Here again, the 
engineer's personal decision leads him to adopt the lesser of 
two evils. I believe in the judicious use of exposed contacts, 
as they are superior to oil break switches for use in starting 
large motors. I refer particularly to primary. апа secondary 
starting apparatus for slip ring induction motors. The dust 
acts in several ways, to clog oil rings, to gather in windings, 
and prevent heat dissemination, due to the high specific heat 
of the soapstone, to bind brushes in holders, and to prevent cam 
and plunger action on circuit breakers, etc. These troubles 
are obviated by inspections, and the careful use of air blowing. 

I will attempt to summarize briefly the main points to be 
considered in the design of a mill drive. Avoid the use of direct 
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current. Group mills in units of from four to eight. Provide 
flexible couplings between reducing member and main shaft 
and install a reducing member of liberal proportions, self-con- 
tained, with bearings accurate, and rigidly aligned. Install 
the most efficient coupling between the driven member and the 
motor which can be obtained. Avoid the arbitrary use of the 
horse power per inch of roll rule, which may be misleading. 
No blanket rules are available for horse power consumption. 
Provide means of disconnecting motor for starting if of the squir- 
rel cage type, or use slip-ring motor if direct connected through 
coupling. Starting equipment should include overload and 
no-voltage releases, together with inverse time limit relays, the 
former being operated by the safety bar of the mill. 

I will now present the several conditions affecting the design 
of calender drives. 

It is practically true that all rubber stocks not being used 
in molded goods or tube machines are calendered. Except in 
cases where impressions are to be made, the rolls are ground 
smooth, slightly crowned to provide for spring, and with an 
adjustment which allows the operator to gauge the product with 
an accuracy of less than the one-thousandth part of an inch. 
Slow speed in calender work is necessary during the threading- 
in process, and until the gauge is accurately established, after 
which, economy dictates as high a speed as the stock will per- 
mit. This speed is limited by the heat generated, which affects 
the physical and chemical characteristics of the rubber base 
and ingredients of the compound. Slight variations in speed 
affect the gauge materially, hence good regulation is of prime 
importance. The torque required varies with the width, thick- 
ness and kind of stock being treated, while the horse power 
required varies approximately with the speed. The torque 
and speed, however, аге so inter-related that the resulting 
horse powers are not of as extreme variation as might be ex- 
pected. The usual maximum is about four times the minimum; 
this statement referring both to operating speeds and horse 
powers. 

From an analysis of the previous description, it will be seen 
that variable speed motors are of unquestionable value, also 
that the degree of variation depends entirely upon the class 
of goods worked. Hence, plants differ widely in their calender 
motor requirements. 

. Value of a calender drive, as in all industrial applications, 
is a function of production. This involves a fine degree of 
speed control, good regulation, convenience of manipulation, and 
continuity of service. Fine speed control results in careful 
threading-in and later enables the operator to work the stocks 
to the limit in speed, under which speed, labor is inefficient, 
and over which, stock may be spoiled. Good regulation re- 
sults in pre-determined gauge, and this, in turn, in economical 
production, as all rubber of heavy gauge is lost in vulcaniza- 
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tion, and must be reclaimed. Continuity of service affects 
the smaller plants principally, where daily output may be con- 
fined to a few machines. The use of direct-current motors 
undoubtedly combines in a greater degree the advantages above 
enumerated than any alternating-current system of practical 
application. ; 

I wil now touch upon the points tabulated by Mr. Rush- 
more with reference to motor drive for calenders. 

1. Alternating or Direct Current Available? Both alternating 
and direct current drives are in use 1n rubber plants and both 
have their advantages. Assuming an alternating current sup- 
ply, in a plant producing mechanical goods of a comparatively 
low grade stock, it 1s unquestionably correct to install a multi- 
speed induction motor, possibly in conjunction with a two- 
speed gear unit, and clutch, therebv avoiding the losses, com- 
plications and investment of the more comprehensive direct 
current svstem. The stocks referred to as mechanical are 
usually worked with slow speeds, and do not differ materially 
in characteristics, so that the engineer can readily find four 
speeds which will provide all that is desired in the way of max- 
imum production. I am firmly convinced, however, that the 
conditions as outlined are the only ones which warrant the use 
of an alternating current drive. 

Recent installations have been made including squirrel cage 
induction motors with multi-polar windings, and provisions for 
changing the frequency of the system which result in from four 
to six distinct speeds. Aside from engineering complications 
in design of automatic switch operation, I believe that the 
successful running of the calender for maximum product is 
seriously handicapped. The maximum speed at which a stock 
may be run may fall between two speeds available, and as the 
stock must be worked at the lower speed, machine efficiency 
may readily be on the order of 80 or 90 per cent. I will omit 
further discussion of alternating-current systems, and continue 
my subject matter, assuming a direct-current supply, prefer- 
ably the three-wire, 110-220-volt, system. 

3. Capacity of Generating Station and Line. Тһе variable na- 
ture of the calender load necessitates the use of time limit relays 
in order to obtain an average load approximating that of the 
generating equipment. A generator of say five hundred kw. 
capacity may readily have peaks of over 750 kw. impressed 
upon it for short periods, while the average load may be fluctu- 
ating around 300 kw. Hence the use of the relay. 

4. Description о} Machine, ес. Calender motors, should, I 
believe, be rated for continuous service, but standard heat guar- 
antees will suffice. The work is more or less intermittent, to 
be sure, but the periods of stop are short, and in many cases 
negligible. Machines cannot be handled to avoid simultaneous 
operation, but with the three-wire system, machines on the 
same class of work are staggered with reference to their start- 
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ing connections, and a remarkable balance is thus effected. 
On a three-wire svstem with which I am familiar, unbalance 
has never exceeded 30 to 40 per cent of neutral line capacity, 
and is usually very slight. 

5. Method of Drive. Individual drive 15 а necessity today, 
following the use of the motor, although some of the smaller 
plants operate from line shafts driven at constant speed. The 
usual installation today includes the motor rigidly constructed 
for mill service, which may be connected to a flexible coupling 
or clutch and to the speed reducing member of the calender. 
Here, as in the mill drive, mechanical design 1$ of prime im- 
portance, and all vibration should be provided against. The 
use of the clutch provides adcquate means for insuring a quick 
stop, while the engineer adopting the flexible coupling must 
provide dynamic braking devices on the control panels. 

6. Load Conditions. There are several salient variables af- 
fecting the load conditions of the calender; size of machine, 
speed, gauge and specific gravity of stock being among the 
most important. It will, therefore, be seen that rules for 
motor sizes are special in every case. There 15 a more or less 
definite cycle duty, but it will not modify my previous state- 
ment for a motor designed for continuous duty. Variations 
in load can readily be effected by change of the variables just 
mentioned, and the engineer must entrench himself by making 
actual tests of conditions, if possible. The usual limits may 
be found by power consumption readings taken while running 
on high gravitv, low speed, heavy gauge stocks, and again on 
high speed fabric frictioning. Fly-wheel effect is desirable only 
in certain cases where passes of stock are made which are com- 
parable to rolling mill practise. These applications are few 
in number. 

7. Starting Conditions. Calender drive should certainly pro- 
vide convenient and ready means for starting апа stopping. 
A floating stop is all that is necessary in the ordinary run, but 
in case stock or fabric wrinkles, or the operator becomes caught, 
the connecting clutch or dynamic brake switch must be so 
connected as to provide instantaneous stop. Starting con- 
ditions are quite severe, and assuming the usc of the shunt-wound 
motor, it is desirable to specifiy several turns of series field 
winding to improve the torque at this period. Shut-downs 
may occur frequently with a mass of rubber being worked, 
hence it 1$ desirable to back the machine up to avoid heavy 
starting current. An armature reversal switch 1s indispensable. 

8. Speed. The subject of speed has been touched upon. 
Close regulation is not only desirable but necessary; this purely 
from the standpoint that it permits of an accurate gauge. 
The questions of multi- or adjustable speed drives is mooted. 
Maximum production at lowest labor costs, and inherent stock 
conditions are certainly to be considered, and I believe conspire 
against the use of the multi-speed drive, except in the one case 
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noted in a previous paragraph. The speed range is limited by 
well established lines, these lines being local, however, for each 
plant. The minimum speed is determined by the maximum 
speed at which the operators can handle starting of the process, 
and the maximum speed 1s limited by the heat-resisting qualities 
of the stock, and by mechanical limitations. This range is, 
I believe, never over four to one, and should not be less than 
three to one. Economy dictates the use of a field weakening 
motor of proper design to give a reduction in speed of two to 
one, the total range being passed through by connecting the 
armature to two or more voltages in sequence. A compromise 
should be effected in multi-speed between first cost of motor 
and maintenance. By this I mean, the use of as high a speed driv- 
ing unit as can be utilized without encountering difficulties in 
maintenance occasioned by vibration, excessive wear of gears, 
etc. Experience has shown that motors should probably not 
exceed seven hundred and fifty to eight hundred rev. per min. 

9. Control. The engineer and manufacturer will be amply 
repaid by installing the most complete full magnetic control 
board obtainable. The process is speeded up, the operator is 
unable to harm apparatus by improper manipulation, and ef- 
ficiency is promoted to the finest degree. The usual installa- 
tion of this kind includes overload and no-voltage release re- 
lays and if necessary dynamic braking is accomplished by 
proper means. The controller is conveniently located by the 
calender housing, and safety bars pass the points of danger to 
the operator. 

10. Conditions of Location. The use of direct-current drives 
with the consequent exposed copper surfaces is a necessary evil. 
The action of the sulphur and fumes is such as to coat the copper 
with a high-resistance sulphide which is very troublesome, 
particularly on low-voltage relays. Soapstone dust acts as 
noted in my previous paragraph on mill motors. The time 
required for these bugbears to become evident by faulty opera- 
tion of panels is short and hence constant supervision becomes 
almost necessary. I have found it economical to provide con- 
stant attention to direct-current apparatus, as such a step has 
resulted in reducing electrical trouble to a negligible quantity 
and at the same time cutting maintenance costs. 

The more essential points touching the calender drive may 
be summarized in the following: 

1. Provide a direct current supply, insuring minimum losses 
to system as a whole. 

2. Potential of system should be as low as good engineering 
will permit. This insures the operation of the magnetic switches 
without undue flashing. 

3. Secure load speed tests under conditions of maximum load, 
and minimum speed, and vice versa. 

4. Restrict motor speeds for mechanical reasons. Install 
the highest developed full-automatic control panel obtainable, 
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together with all mechanical provisions possible, working for 
rigidity, elimination of vibration, etc. 

5. After installation, insure satisfaction by frequent inspec- 
tions and adjustments, to keep the systemin the best of repair. 


FRICTION DRIVE 


C. W. Larson: Friction as a means for drive is practically 
eliminated in modern power requirements, This is entirely 
due to the successful application of electric motors to all kinds 
of operations and they are nearly always connected direct to 
the member or members to be driven. There are, however, 
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occasions where drive by means of friction is necessary as no 
other method has as yet been developed to take its place. 
Such a case was involved in the design of the Panama towing 
locomotives. 

It was required that the slip device be provided to safeguard 
the tow line from parting should the strain exceed a certain 
maximum. It was also necessary that this slip device be set 
at different values from zero up to full capacity of the motors 
and not vary in friction over 5 per cent. It will therefore be 
seen that if the friction method was to be used, a combination of 


1915] DISCUSSION AT CLEVELAND 2675 


material must be found that would maintain a constant co- 
efficient of friction under all conditions, including starting from 
rest and running. 

It was immediately realized that a metal or combination of 
metals had to be found that would give the least possible fric- 
tion. In conducting a series of tests using different combina- 
tion of metals, it was found that high friction metal would be 
out of the question. An alloy was finally selected having a 
coefficient of friction of 0.1. Тһе results of the tests are shown 
in Fig. 1, from which it will be noted that the coefficient of 
friction of 0.1 remained practically constant, starting and 
running, whether the surfaces were lubricated or run in water. 
I wish, however, to point out that the design must be such as to 
completely carry off the heat, as a great variation in tempera- 
ture will upset the mechanical construction and consequently 
also affect the friction. It will therefore be understood that 
the design must be made to conform to the different conditions as 
they may present themselves in each individual case. 


ExPLosioN-Pnoor Моток$ FoR USE ІМ GASEOUS MINES 


The term explosion-proof as applied to motors for mine work, 
according to the definition of the Bureau of Mines, refers to 
a motor enclosed by a casing, so constructed that an explosion 
of a mixture of mine gas (methane) within the motor casing 
wil not be communicated to the gases surrounding the motor. 
That is, it will not cause an explosion of the mine gases. 

Explosion-proof motors can be considered of two classes: 
First, a totally enclosed class built strong enough to withstand 
a high internal pressure, and so designed that the covers on the 
necessary openings can be satisfactory maintained. Second, a 
class provided with relief openings or valves, designed to relieve 
the internal pressure of the explosion and at the same time cool 
the products of combustion discharged through them to a 
temperature that will not ignite the mine gases. 

To build a motor of the first class would be much more expen- 


sive than to construct one of the second class. For this reason | 


attempts to design explosion proof motors have been confined 
chiefly to motors of the second class. That is to say, the de- 
signers have largely followed the principle involved in the Davy 
safety lamp. The application of this principle to motors con- 
51515 in causing the discharged gases to pass over or through 
metallic plates, screens or valves, which by conduction removes 
à large part of the heat from the gases. Рог the sake of simpli- 
City, these devices whether they consist of valves, layers of 
glazed metallic plates or any combination of them are termed 
protective devices. 

As the ignition temperature of mine gas (or methane) is 650 
deg. cent., it is evident that an explosion proof motor to be 
Successful, should discharge the products of an internal explosion 
reduced in temperature below this figure. 
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In a successful explosion-proof motor, particular attention 
must be given to the design of the protective devices. The 
most satisfactory form of protective device is one that 1s capable 
of absorbing a large amount of heat. In order to do this, the 
device should be constructed of metal that is a good conductor of 
heat. A considerable amount of metal should be used and it 
should be so disposed as to offer a large amount of heat absorbing 
surface to the flames without being itself raised to an unsafe 
temperature. The total area of protected openings from the 
wall of the motor case, should be as large as 1s consistent me- 
chanically. There are two reasons for this arrangement. First, 
it permits the addition of more heat absorbing material; second, 
it decreases the maximum pressure developed. The lower the 
pressure, the lower the temperature of the flame and the less 
heat is passed through the cooling device in a given time. With 
low pressure, the rate of combustion is slower, consequently, 
heat absorption 1s facilitated. 

Ап explosion-proof motor of the second class has been de- 
signed and has been tested and approved by the Bureau of Mines 
for use in gaseous minces. 


Motor INSTALLATIONS FROM A SAFETY AND INSURANCE POINT 
OF VIEW 


C. A. Austrom: The application of motors in industrial plants 
has already been very thoroughly discussed from a technical 
and economic viewpoint. It remains to be considered what 
influence motor drive—whcther individual or group drive—has 
from a safety and sanitary point of view and in what way it 
would affect insurance. 

In the past, the appeal made to the manufacturers by the elec- 
trical interests has generally been on an efficiency and cost basis 
only, and the manufacturers of electric motors have continually 
been investigating and experimenting in an effort to produce a 
machine which will do more work at less cost. 

The advocates of shaft drive for industrial machines have also 
been engaged in a similar effort to meet the competition. Neither 
side has until lately given much thought to the question of safety 
and as to which system is the least dangerous for the workmen. 

Accidents which are directly chargeable to the type of driving 
mechanism add a certain cost item to that svstem in the form of 
interruption 1n production, suits for damages due to accidents, 
compensation charges and higher insurance rates. These items 
should be well considered when a comparison between shaft 
drive and motor drive is made. The greater safety to the work- 
men and improved sanitation cannot any longer be considered 
as a side 1ssuc, but should be a strong argument by the manu- 
facturers in selling their machines. 

In a modern plant we do not find, as was often the case in the 
past, the haphazard method of laving out the machines on the 
floor of the factory or the shop. Efficiency and safety are 
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rapidly becoming more and more important and great attention 
is given to the location of the machines in regard to the handling 
of the product, the light, ventilation and safety of the workmen. 

The old, and still greatly used, method of driving machines 
from main shafting and countershafting is a source of danger 
which has caused many accidents and claimed a heavy toll in 
life and limb of the workers. A large percentage of fatal and 
serious accidents in industrial plants 15 due to this counter- 
shafting with its pullevs, belts, keys, collars and more or less 
exposed set screws. The statistics of insurance companies show 
that a grcat number of men have lost their lives or have been 
permanently maimed by being caught by exposed set-screws or 
crushed between belts and pulleys. There are many cases where 
women’s hair has been caught and wound around perfectly 
smooth shafts with fatal results. 

Shaft-driven machines are generally. started by means of а 
tread or a lever which shifts a belt or operates a clutch. On 
machines like punch presses and shears, accidents have often 
happened by these operating devices being touched uninten- 
tionally, thus starting the machine and seriously injuring a man 
engaged in setting dies or adjusting shear blades. Another way 
by which the machines may be started unexpectedly 1$, for 
instance, a gradual creep of the belt from the loose to the fixed 
pulley, in this wav suddenly starting the machine at full speed. 
The main shaft may be stopped for some reason or other and 
started up without due warning to the man, who may in this 
way be seriously injured. With individual motor drive, the 
starting switch can easily be located in such a way that an acci- 
dental starting of the machine would be impossible. АП acci- 
dents of the nature referred to above could be eliminated if shaft 
driven machines were abolished in favor of motor driven 
machines. 

It may be claimed that shafting can be guarded more or less 
efficiently, but accidents will occur even with the best protection, 
and it is safest to entirely eliminate shafts and belts. 

Shafting and countershafting are usually located along the 
ceilings, and bearings, pullevs and other accessories can only be 
reached by ladders. "These various parts require frequent and 
regular attention for oiling, inspection, etc., and sometimes 
even repair work is carried out while the shaft is running. The 
regular attendants and repair men have often to work on these 
ladders in crowded and cramped positions and many serious 
accidents have happencd under these conditions. Of course, 
repair work should never be permitted when the shaft is running; 
but even though the shaft is stopped, the work from a ladder is 
always hazardous, and any scaffolding erected for the purpose 
15 generally put up in a hurry and ina flimsy wav, making it more 
or less insecure and dangcrous to the millwrights working upon it. 
Parts of a transmission line fixed in the ceiling may work loose 
and be a source of danger by falling on the men below. 
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Accident records also show many cases where men’s fingers and 
hands have been seriously cut by running belts, particularly 
where the same are jointed by clips, and numerous accidents 
have occurred from the men’s clothing being caught 1п the same 
way. This danger is particularly great where the practise of belt 
shifting by hand is permitted. 

Shafting, pulleys and belts make it difficult and dangerous to 
handle material by cranes or overhead runways, and accidents 
have often happened from such operations. This hazard 1s 
entirely eliminated where direct, individual motor drive is 
used, particularly if all wiring is run through conduits under the 
floors so that there is no obstruction whatever above the machines 
and in the passageways between the same. 

Belts, shafts, bearing hangers and other accessories pertain- 
ing to shaft driving cut off a considerable amount of light around 
the machines, making it necessary often to use artificial illumina- 
tion even during the day hours. With individual motor drive 
these obstructions are eliminated and the light in the room equip- 
ped with individually driven machines is naturally far better 
than in rooms with shaft-driven machinery. The belts not only 
intercept the direct light from the windows,but the ceiling 1s often 
made dark and dirty from dust and oil thrown off by belts and 
pulleys. The hangers and pullevs are generally themselves of 
a dark color, so that there is very little light reflected upon the 
machines from above. 

In a shaft-driven installation, the machines must be arranged 
in parallel lines, generally lengthwise of the building, and in 
order to economize floor space often have to be placed back to 
back, so that half of the men work in their own shadows while 
the other half face the light. Either of these conditions is trying 
to the eyes, and in the long run tires the men and impairs their 
sight. At the same time it is obvious that such conditions also 
tend to reduce the output very materially. "When the machines 
must be placed in fixed positions in relation to the shafting and 
without regard to the direction of the light, and the operator 
consequently has to work in a darkened room or with continuous 
artificial light, the likelihood of accidents is greatly increased. 
The contrast in these respects that 1s afforded by factories opera- 
ted by individual motors is quite striking. When so equipped, 
machines can be located properly, with due reference to the 
best light and the safest arrangement as to floor space. It is 
also more easy to avoid crowding, an important factor in pre- 
venting accidents. 

When each machine is driven by its individual direct-connected 
motor, making one self-contained unit, it is very easy for the 
manufacturers of such machines to embody in the design all the 
necessary guards for gears or other dangerous points. "When the 
machine is purchased it carries with it all necessary safeguards 
or devices to prevent accidents to the men operating the same, 
and no further expenditure will be required to make the plant safe 
after such machines are once installed. 
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It is easy to understand that a factory equipped with machines 
individually motor-driven can be kept in a much neaterandcleaner 
condition than a room filled with shafts and belting. Conse- 
quently the sanitary conditions are all in the favor of the motor 
drive. 

The safest installation that can be obtained is where all ma- 
chines are driven by direct-connected individual motors. Any 
machine can be readily stopped and is under the complete control 
of the operator of that machine. This eliminates the danger 
which has so often occurred in the past, of inadvertently start- 
ing the machinery when some machine was being repaired by its 
operator. 

The next best condition is where the machines are driven in 
groups of a small number of machines to the group. Naturally 
this brings up the question of introducing the hazard of belts and 
pulleys, but by keeping the number of machines in the group toa 
maximum of say, ten, the danger of injuring the workmen by 
starting up the machinery through carelessness is eliminated to 
a great extent. Such a small group can be easily controlled in 
such a way that accidents are not likely to occur. 

In the old type of plant the machines in one room, or depart- 
ment, are generally beltedriven from the main shaft, which usually 
can only be stopped by shutting down the entire plant. The 
only way in which such an installation can be safeguarded is by 
having some method of stopping all the machinery in each room 
or department by means of a friction clutch or other standard 
device, or by having each such group of machines driven by a 
motor. In this manner, if anything goes wrong in one depart- 
ment no time 1$ lost through having to communicate with the 
engineer or the operator of the main engine and shafting, but 
each individual group can be separately and immediately shut 
down by a man working in that room. This method of driving 
machines is, however, not much better than running the machines 
from the main shafting, but there is a small distinction made as 
regards the insurance rates, the so-called department drive being 
considered somewhat safer. 

In addition to the factors of safety referred to above in connec- 
tion with motor-driven plants, the insurance interests have taken 
due notice of the improved conditions from an underwriting 
point of view, which follow the adoption of motor applications. 


The safe and dangerous conditions enumerated above have been 


Carefully considered by the Workmen’s Compensation Service 
Bureau in its Universal Analytic Schedule. This is adopted by 
all leading insurance companies, and credits or charges are made 
In accordance with the type of drive used for industrial machines. 

he various types of installation are taken up specifically in this 
schedule and can best be illustrated by giving an example. 

aking a machine shop having, say, twenty-five machines and 
an annual payroll of $50,000, the compensation rate for such a 
machine shop in the State of New York is at present $1.36 for 


ec ty 
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every $100 of payroll. The total premium in this plant would, 
therefore, be 500 by $1.36, or S680. Now suppose each one of 
these machines is driven by a direct-connected individual motor. 
for which the Universal Schedule allows a credit of 10 per cent of 
the base rate—-1n other words, 10 per cent ofthe premium. In 
this case, therefore, such an installation would give the owner а 
reduction 1n his insurance premium of $68.00 per annum. 

If, on the other hand, machines are driven in groups of not 
more than ten machines to cach group, the schedule allows а 
credit of 7 per cent, which would mean a saving to the assured of 
$47.60 оп his annual insurance premium. 

If in such a plant the machines are driven by departments, 
with proper means of disconnecting all the machines in each 
department from the main shaft bv means of a clutch or other 
device, or if each department shaft is driven by its own motor, 
the credit allowed would be in proportion to the payroll of the 
plant. Тһе amount allowed approximating ten so-called points 
per department, the value of the point depending upon the pay- 
roll of the plant. In this case, if all the twenty-five machines 
were іп one group, the amount would be $2.50. If they were 
divided into two departmental groups of, sav, twelve machines 
in one and thirteen in the other, the amount would be $5.00. 
This credit seems very small, but in comparison with the two 
previously mentioned types of installation, this last is considered 
far more hazardous by the insurance underwriters. 

The examples given above are in accordance with the rates at 
present in force in the state of New York. These rates vary some- 
what in different states, depending upon local legislations. И 
the state laws in the future are made more or less similar, as, for 
instance, is the case in the rules and regulations for steam boilers, 
the insurance rates will be adjusted accordingly, so as to be uni- 
versal for the whole country. The schedule Rating System as 
introduced by the Compensation Burcau seems at present to 
work to the satisfaction of both the assured and insurance com- 
panies. 

From what has been said above, it is evident that motor appli- 
cations in industrial installations, particularly the individual 
motor equipment for each machine, is the ideal arrangement 
from a safety, sanitary and insurance point of view. 


EXPLOSION-PROOF APPARATUS 


W. Baum: The application of electricity in fiery mines has 
attracted the attention of the engineering professions for a great 
number of vears. Our present knowledge of the underlying 
principles and phenomena in connection with fire-damp explo- 
sions is due to the ingenious and painstaking experiments made 
abroad and in this country and to the close co-operation of 
mining and electrical engineers. 

The best precaution in the application of electricity in fiery 
mines 1s to install the apparatus at points where fresh air can be 
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supplied. Large pumping motors have been installed in special 
air-tight chambers which prevent the entrance of gaseous mix- 
tures. Such chambers are recommended for the installation 
of large motors which do not permit the use of special protecting 
devices. 

Hoisting machines are placed at the lower end close to the 
opening-up shaft and with this arrangement the apparatus can 
be placed in a current of fresh air and avoid the presence of fire- 
damp which always accumulates at the highest points of the 
workings on account of its small specific weight (0.554). 

However, the above-mentioned arrangements are not always 
possible, as fresh air ventilation often cannot be obtained. The 
problem arises to provide electrical apparatus with some sort of 
a protection which prevents puncture. In other words, if an 
explosion takes place in the interior of an electrical apparatus, 
a protective device must be emploved which prevents the igni- 
tion of the surrounding gases. 

The classical experiments carried out conjointly by the lead- 
ing German electrical firms and the mine authorities in. 1903, 
1904 and 1905 have remained the basis for the design of such 
protecting devices: The practical results of these tests have 
been verified in other countries and our knowledge and under- 
standing of the explosion characteristics has increased to such 
an extent that any opposition to the installation of electrical 
apparatus in fiery mines сап be effectively met. Credit is also 
due to the investigations of the U. S. Bureau of Mines. 

Fire-damp is a mixture of air and methane, CH, Other 
gases have been detected, for instance, ethane, free hydrogen, 
the noble gas helium and others. The explosion temperature 
of methane 1$ 650 deg. cent. but according to English and French 
investigators, explosions must be anticipated at lower tempera- 
tures when ethane or other gases are present. It is, however, 
doubtful whether these gases will seriously afiect the results of 
the original experiments. Theoretically, the maximum explo- 
sion pressure occurs with a mixture containing 9.5 per cent 
methane. Recent experiments in France have shown that the 
most violent explosion corresponds to the maximum velocity 
of propagation of inflammation. The German and American 
experimenters observed the maximum explosion pressure with 
8 per cent and 8.6 per cent respectively. 

The fundamental experiments in Germany resulted in three 
forms of constructions which have proved successful in the 
design of explosion proof apparatus, namelv: 

1. Total enclosure. 

2. Laminated plate protection. 

3. Oil protection. 

Other constructions as labyrinth, flange, tube and gauze 
protection are very interesting but of no practical importance 
with the exception, perhaps, of the latter. This gauze protec- 
tion, however, has the dangerous disadvantage of after-burning. 


2682 MOTOR APPLICATIONS {March 19 


1. Total Enclosure. The apparatus 15 totally enclosed and made 
as air-tight as possible. The casings are designed to withstand the 
maximum explosion pressure of eight atmospheres. This typeis 
favored in Germany by one of the large manufacturers, and for 
obvious reasons can be applied to small motors only. Large 
motors are often provided with air or water cooling features to 
maintain a minimum weight. These special features, of course, 
complicate the operation and lead to higher costs. 

2. Laminated Plate Protection: The principle of this device 
is based on the Davy lamp screen which breaks up the gases into 
small streams and permits effective cooling. "The device con- 
sists of laminated plates fixed to the end openings or to the covers 
of the apparatus through which the gases travel and expand, 
thereby securing an additional cooling effect. Тһе statement 
that the plate protection has given the best practical results, must 
be emphasized. The important condition is, however, that the 
plates must not exceed a distance of $ mm. (0.0197 inches) and 
any deviation from this condition results in punctures as also 
shown in the experiments of the U. S. Bureau of Mines. Asa 
rule, the plates are $ mm. (0.0197 inches) thick and are suitably 
protected against injuries from falling pieces. If the openings 
are not frequently and periodically cleaned, coal dust will ac- 
cumulate and scriously interfere with the ventilation. In case 
of an internal explosion, the coal dust will simply be blown out 
without igniting. The plates are often arranged in a frame to 
facilitate removal, cleaning and replacement. А sufficient 
number of plates must be provided to secure satisfactory cross- 
sectional flow of air through the plates and with properly designed 
construction the reduction of output will be nearly the same as 
that due to alteration from an open type motor to a ventilated 
enclosed motor. An artificial increase of ventilation by means 
of a fan should be omitted as the internal pressure is raised con- 
siderably, according to the experiments of the Bureau of Mines. 

3. Oil Protection: Switches, controllers and other accessories 
in fiery mines must be explosion-proof and are to be protected 
against moisture, dirt and unskilled handling. 

A German company has developed controllers up to 5000 volts 
in which the contacts are completely covered by oil to prohibit 
the formation of arcs. The oil tank can be lowered by a special 
mechanism, thus permitting free access to the contacts. The 
same company has designed oil switches with maximum and no- 
voltage release placed in cast-iron cases and submerged in oil. 
For underground lighting, oil switches are built on top of trans- 
formers, thus forming a unit. The oil-switches can be provided 
with plate protection and in such a case, there is no need of sub- 
merging the overload coil in oil. Whenever oil protection 1s 
used, it must be borne in mind that the current densities of the 
contacts must be low enough to prevent heating of the metal 
parts, vaporization and decomposition of the oil. Of course, 
all contacts, must be completely covered by the oil, as otherwise 
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flames may break through and cause ignition. The contacts 
should, therefore, be placed at the bottom of a tank of sturdy 
construction. 

New protective devices by German firms are usually sub- 
mitted to the mining authorities for tests and with their approval 
are put in standard production. Before shipping, however, each 
apparatus is tested in a trial station which each of the leading 
firms has provided for the purpose of testmg explosion-proof 
apparatus. While the mining authorities use fire-damp obtained 
from a mine, the factory tests are taken with a mixture of air 
and approximately 15 per cent illuminating gas. These tests 
do not claim scientific importance as the nature of the explosions 
with illuminating gas are somewhat different from those with 
methane, but for the purpose of detecting undesirable gaps or 
other faults, they are entirely satisfactory. 

It is interesting to note that a great many years ago standards 
on the application of electricity in mines were adopted in foreign 
countries: in Belgium 1895, in Austria 1899, in England 1902 
and in Germany 1903. The latest standards covering the design 
of explosion-proof apparatus were.adopted in 1912 by the German 
Society of Electrical Engineers (У. D. E.). As these exhaustive 
rules have done much to encourage and stimulate the design of 


such apparatus, I wish to read an English abstract translation for - 


the benefit of those who are not already acquainted with them. 


REGULATIONS FOR THE CONSTRUCTION OF EXPLOSION PRO- 
TECTING DEVICES FOR ELECTRICAL MACHINES, 
TRANSFORMERS AND OTHER APPARATUS 


A. The Different Kinds of Protection Devices: 

I—Enclosed Casings: It consists of a totally enclosed casing 
covering machines, transformers and other apparatus. For 
this enclosure the following requirements are to be met: 

(a) All parts of the casing are to beso constructed that they 
can withstand an inner pressure of eight atmospheres (113.6 lb. 
persq.in.). Subdivisions of the enclosed interior inter-connected 
by narrow openings give rise to higher pressures and should, 
therefore, be avoided. 

(b) The joints of the assembled enclosed parts as well as the 
bearing surfaces of covers, doors and lids are to be broad, 
smoothly machined flanges. Gaskets at such places should be 
avoided as far as possible. In case gaskets are used, care should 
be taken that they cannot be forced out by explosions. Gaskets 
made of material subject to deterioration, as rubber, asbestos, 
ог the like are not permitted. | 

(c) The protecting means are to be extended to all passages 
through which the gases, in case of an explosion, escape from the 
interior of the casing to the outside. Shafts and operating spindles 
are to be supported in long metal bushings where they pass 
through the enclosing case and these bushings themselves are to 
be securely fastened to the casing. 
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The bushings for electric wires are to be tightly packed in such 
a way that they will withstand the pressure of an explosion. 

II—Plate Protection: With this tvpe of enclosure, packets of 
metal parts are mounted at the openings of the housing of ma- 
chines, transformers and other apparatus. The plates are held 
at a definite distance apart by means of separating pieces. 

The following rules are to be observed: 

(a) Metal plates-are used which have a width of at least 50 
mm. (1.97 inches) and a thickness of at least 0.5 mm. (0.0197 
inches) and are arranged by: means of suitable separating pieces 
so that their distance apart does not exceed 0.5 mm. (0.1970 
inches) and cannot be exceeded on account of bending of the 
plates. The material used is to be bronze, brass, tinned or 
galvanized iron. 

(b) The plate packets are to be protected against outside in- 
juries. It is recommended to make them removable so that 
convenient inspection and easy replacement are possible. 

(c) The conditions under J(b) and Г(с) are to be met. Unless the 
number of slits is not sufficiently large to prevent a rise of pres- 
sure, the conditions of J (a) are also to be met. АП parts are to 
be perfectly tight. 

III.. Wire Gauze Protection: In this method of enclosure all 
housings of machines, transformers and other apparatus are 
covered by screens of wire gauze or housings are constructed for 
machines, transformers and other apparatus in which openings 
are covered by such wire gauze. 

The specifications for this enclosure are the following: 

(a) The gauze is to be made of safety-lamp wire gauze of 144 
meshes per sq. cm. and 0.35 mm. wire diameter (930 meshes per 
sq. in. and 0.0138 inches wire diameter). The wire gauze is to 
consist of bronze or galvanized iron, to have uniform structure 
and be free of defects. . 

(b) Each opening is to be provided with at least two layers 
of wire gauze which should be spaced 5 to 20 mm. apart (0.197 
inches—0.79 inches). The total protection gauze surface is to 
be at least 150 sq. ст. per liter of fire-damp contained in the 
enclosed space (approximately 21 sq. in. per 1 quart). 

(c) Large gauze surfaces are to be provided with strengthening 
ribs in order to maintain their distance apart. The gauze is not 
to be secured by solder but rather clamped in frames by means of 
screws. Great care 15 to be taken that no gaps occur at the points 
of fastening. The gauze is to be protected against injury by 
perforated iron or similar means. It is recommended to arrange 
the gauze in removable covers to permit easy inspection and 
replacement. 

(d) The conditions of (Б) and I(c) are to be met. All parts are 
to be perfectly tight. 

(c) The gauze surfaces are to be so arranged on the enclosed 
case that flames due to any after-burning do not travel along the 
gauze and that combustible bodies cannot fall upon them. In 
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order to decrease the after-burning many small surfaces rather 
than few large ones are to be used. 

IV.—Oil Protection: In this method of protection the whole 
apparatus which 1$ liable to sparking or dangerous heating due to 
the electric current is enclosed in a casing filled with mineral 
oil free of resin and acid. The oil level is to be so high that spark- 
ing above the level is impossible. The required height of the 
oil is to be indicated by a mark. "The height of the oil is to 
be visible without opening the casc. 

B. Application of the Various Protecting Devices: 

I. For machines, transformers and other apparatus, two kinds 
of construction may be used: 

(a) The entire machine, transformer and apparatus are to be 
made explosion-proof according to section A. 

(b) Only those parts of machines, transformers and apparatus 
which are liable to sparking in ordinary operation, are to be 
made explosion-proof according to section А. The safety of 
those parts, however, which are liable to sparking only under 
unusual conditions is increased bv 

1. A special mechanical inspection. 

2. 50 per cent increase of insulation stress. 

3. 25 per cent decrease of heating guarantees. 

For apparatus other than machines and transformers the fol- 
lowing applies: 

Liquid starters without special protection are not permitted. 

Rheostats may be furnished without protecting devices under 
the following conditions: 

(a) The electrical stress of the material is so small that dan- 
gerous heating is impossible. 

(b) The resistance material is so strong that it cannot break 
in normal operation and is so securely fastened that contact 
between different parts is prevented. 

(c) By proper enclosing, foreign bodies cannot fall in, and 
dripping water cannot enter. 

(d) All wire connections are soldered or securely screwed 
together. 

All screw contacts which cannot be protected by enclosures, 
should be so secured that a loosening of the screws and a result- 
ant poor contact cannot take place (motor terminals, resistances, 
etc.). 

Plug contacts are to be so constructed that the plugs fit 
tightly in the receptacle and thus prevent sparking when in 
place; they are to be inter-locked with explosion-proof switches 
in such a way that the plugs can only be set in or taken out when 
the circuit is open. 

C. Other Constructions. 

Other constructions than those mentioned under А and В for 
protecting machines, transformers and other apparatus are 
permitted if such devices have been found to be explosion-proof 
by a special test at a recognized station for explosion tests. 
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We see from the last paragraph of these regulations that the 
various constructions mentioned are not considered to be the 
only ones possible to devise. But the German rules show 
the direction along which the design of explosion proof 
apparatus should be followed and it is to be hoped that the 
tests carried out in this country by the Bureau of Mines will 
ultimately result in the adoption of similar rules by the American 
Institute of Electrical Engineers. 


THE INFLUENCE OF INFLAMMABLE MINE GAS UPON THE DESIGN 
or MOTORS FOR MINE SERVICE 


Н.Н. Clark: Methane (СН,) is an inflammable gas that oc- 
curs in many coal mines, especially the deeper ones. The mine 
ventilating systems are designed to remove from the workings 
the gas that escapes from the coal and to remove it in a condition 
so diluted with air that it cannot become ignited. 

Electrical equipment should not be used in mines or parts of 
mines where the proportion of ventilating air to the gas that it 
carries away is not so great that the presence of explosive mix- 
tures is the rare exception and not the general rule. However, 
since the gas enter the workings at a very ununiform rate and at 
the more remote points in the mine where the ventilation current 
is least strong, the gas, although usually removed promptly, may 
sometimes accumulate in dangerous quantities in caved areas 
through which there may be very little ventilation. This 
condition may also occur at the face of a working as the result of 
an interruption or disarrangement of the ventilating system. 

These possible accumulations of gas or the occurrence of a 
. large blower of gas at the face constitute the danger against which 
the use of explosion proof protection of electrical equipment 
can consistently be used. 

The U.S. Bureau of Mines has applied the term “ explosion- 
proof " to motors or other pieces of electrical equipment that 
are so constructed or protected that they will not cause the 
ignition of explosive mixtures of mine gas and air. Various 
similar terms were considered before this term was finally 
adopted as most expressive and fitting, as well as the term used 
exclusively by the original German investigator, to whom the 
art is largely indebted. 

The use of explosion proof protection should be regarded as 
a factor of safety in emergencies and not as the principal bul- 
wark against the ignition of gas by electrical apparatus. The 
ventilating system must always be regarded as the main defence 
against such contingencies. 

Motors that Require Protection. The motors that most need 
explosion proof protection are those that are to be used in the 
advance workings. The most notable examples of such motors 
are those used for operating coal cutting equipments. In 
mines that produce a good deal of gas, motors that are opera- 
ting on the return air-way might also with reason be provided 
with explosion proof protection. 
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Motor Parts that Require. Protection. The commutator of 
direct current motors is the first thing that suggests itself as 
needing protection when one considers the subject of explosion- 
proofing, but it is manifest that any part of a motor equipment 
that will produce a spark capable of igniting gas must be pro- 
tected as completely as the commutator. 

Dangerous sparks can be produced at the contacts of starting 
rheostats and wherever the circuit is intentionally broken 
automatically or by hand or wherever the circuit may be broken 
accidentally. It is common experience that portable machines 
are subject to breaking of wires that connect one part of the 
motor to another. Therefore, it is desirable to protect all 
wires so that the possibility of their being broken is reduced 
to a minimum, and it is best to design the equipment so that 
all wires are in explosion proof casings from the point where 
they enter the machine. Therefore, to be specific, the entire 
equipment should be protected so that there should be no 
danger from commutator sparks, from fuse flashes, from flashes 
from starting rheostat contacts, or from open circuits or broken 
wires. 

Means of Protection. A volume could be written on the various 
experiments that have been made in connection with explosion- 
proof motor protection, but it is sufficient to say here that 
one of the most effective means that has been devised for the 
purpose is to provide the frame of the motor with relief open- 
ings of comparatively large area, by placing side by side about 
one half millimeter apart, plates of metal about one half milli- 
meter thick. The flames of an explosion that may occur inside 
of a motor casing, as they pass out between these plates, are 
cooled below their ignition temperature before they can escape 
from the motor casing and ignite any gas that may surround 
it. This form of protection has been found to be extremely 
effective and is of a type that lends itself to rugged mechanical 
construction. 

Having by this means secured an explosion proof casing, 
the next step is to install in this casing the contacts of the 
Starting rheostat and the fuse or circuit breaker that is used 
with the motor. It is also desirable to run all wiring inside 
of the explosion proof casing as far as possible, and when this 
can not be done the wires should at least be covered by the 
metal parts of the machine frame so that it will not be possible 
to break them. Since the wires can not be protected all the 
‚мау from the source of power to the motor, there must be 
Some point where the wires must shift for themselves, so to 
Speak, and in the case of coal cutting machines this point is 
comparatively near the motor; t.e., in the trailing cable. The 
trailing cable of coal cutting machines receives very hard usage 
but 1t should be inspected daily, and by so doing the chance 
01 its becoming a source of danger as far as gas is concerned 
15 very slight. However, it is advisable to reinforce the cable 
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where it enters the rigid frame of the machine so as to prevent 
the breakage that is so likely to occur at that point. 

Experimental Work. Ав previously suggested, a great deal 
of experimental work has been done in connection with the 
subject of explosion-proof motors. Ав far as I am aware, the 
first important work was done by Beryassessor Beyling in 
Germany. Some time ago the Bureau did a considerable amount 
of work in this connection, the results of which are reported 
in Bulletin No. 46, copies of which may be obtained by ad- 
dressing the Director, Bureau of Mines, Washington, D. C. 
As a result of these preliminary experiments the Bureau es- 
tablished a schedule of fees for testing motors, so that the 
Bureau can now make tests for manufacturers to determine 
whether or not their machines can be approved by the Bureau 
as explosion-proof. Technical Paper 101 will be issued in a 
short time describing the results of the first tests of this sort 
that have been made. Copies of this Technical Paper can 
also be obtained by addressing the Director, Bureau of Mines, 
Washington, D. C. The following abstract from this paper may 
be of interest at this time as describing the principal features 
that the Bureau considers essential to the design of explosion 
proof motors. 


ABSTRACT FROM BUREAU OF MINES 
TECHNICAL PAPER 101 


Design and Construction. Тһе design and construction of 
permissible explosion proof motors and their accessories must 
be especially rugged. This requirement will be applied con- 
sistently to all the details of the machine as well as to its prin- 
cipal parts, in order to be assured that, under the severe con- 
ditions imposed by mining service, the explosion proof qualities 
of the equipment will remain unimpaired. 

The protective devices used with permissible explosion proof 
motors must not only be capable of preventing the passage of 
flames from the interior to the exterior of the motor casing but 
such devices must also possess sufficient mechanical strength to 
insure against the accidental destruction of their protective 
qualities. If there are moving parts in connection with such 
devices, they should be so designed that there can be no in- 
terference with the movement of such parts. 

Starting Rheostats. Starting rheostats and other necessary 
equipment that may cause an ignition of gas must be protected 
as adequately as the motor itself. The casings of starting 
rheostats should be explosion proof. The resistances and con- 
tacts of the starting rheostats used with portable motors of 
not more than 50 h.p. capacity should be enclosed in the same 
box, unless enclosed in separate boxes connected by approved 
piping through which all leads are carried. All leads enter- 
ing the explosion proof casings of starting rheostats should 
pass through the casing in the form of properly protected, in- 
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sulated studs of approved design. The use of rubber bush- 
ings will not be approved because the bushing may become 
displaced and thus destroy the explosion proof quality of the 
casing. The casing of the starting rheostat should be mounted 
on the motor casing, if possible, and the inter-communicating 
openings for the passage of leads should be made large in order 
to prevent the rise of pressure that always attends the propa- 
gation of an explosion through a small hole from one com- 
partment to another. 

If it is not possible to mount the starting rheostat on the 
motor frame, all leads connecting the starter with the motor 
should be carried in rigid metallic conduit. 

Unless means for opening the circuit both automatically and 
by hand are provided in a separate explosion proof casing, they 
should be incorporated in the design of the starting rheostat. 
If the starting rheostat is mounted on the frame of the motor, 
provision should be made for entirely disconnecting the elec- 
tric circuit from the starting rheostat. 

Motor Casing. АП joints in the casing of a motor or of any 
of its accessories must be metal to metal joints with faces not 
less than one inch wide, and if the pressure developed in the 
motor casing by explosions can exceed 50 lb. per sq. in., the 
faces must be not less than 14 inch wide. All bolt holes in 
casings must be bottomed, or so arranged that the accidental 
omission of a bolt will not give an opening through the casing. 
All openings in the motor casing other than those provided 
with protective devices by the manufacturers must be tightly 
closed. It is desirable that such openings be as few as possible. 
There should be no exposed terminals or contacts outside the 
motor casing. If there are glass covered openings in the cas- 
ing of a motor, the glass should be of ample thickness and 
should be protected by strong metal covers that close auto- 
matically unless held open by hand. Armature bearings must 
be so designed that under no circumstances can an explosion 
be propagated from the interior of the motor casing around 
the armature shaft or through the oil wells. 

Cable Reel and Trailing Cable. If there are any sliding or 
rubbing contacts in connection with the cable reel, such con- 
tacts should be provided with explosion proof protection, and 
any plug connections should be constructed so that they will 
be explosion proof. At the point where trailing cables enter 
the frames of portable motors, the cable should be protected 
with suitable armor or flexible metallic conduit, securely fast- 
ened to the frame of the motor, and of a sufficient flexibility to 
prevent short bends from occurring in the cable. The cable 
should not be fastened to this armor, but there should be pro- 
vided inside the frame of the motor, an insulated clamp of 
approved design for securely fastening the cable and taking 
all mechanical strains that may be put upon it. 
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THE LIMITATIONS AS TO CAPACITY AND TYPE OF MOTOR WHICH 
МАҮ BE THROWN ON OR USED ON SYSTEMS, FROM THE 
STANDPOINT OF CENTRAL STATION COMPANIES 


F. A. Allner: From the standpoint of central station com- 
panies the size and type of motor connected at any point of 
the system has seldom any other limitation than the one as 
affecting the voltage regulation. The starting current of a 
motor, no matter what the type, will furnish, as a rule, the most 
severe condition for the motor installation, as far as affecting 
the voltage regulation either on this particular distribution 
feeder or on the entire system. There are few exceptions 
where special duty conditions may cause heavier currents than 
starting or normal running, in the nature of over-loads of short 
duration, such as motors driving stone crushers, grinding mills, 
presses, etc. In such cases, of course, the most severe drop in 
regulation has to be investigated. 

By far the majority of central station companies in medium 
size and large cities, maintain an a-c. and d-c. distribution sys- 
tem. The latter can be traced back generally to some pioneer 
Edison installations and is often restricted to the down-town 
districts, serving lighting and only small motor customers. 
The 60 cycle a-c. system supplies the balance of the distribution 
service, except in those cities where the prime movers generate 
at 25 cycles and feed a number of large individual power con- 
sumers, traction systems, and special industrial districts directly 
with the 25-cycle service. 

In every instance of a larger motor installation the effect 
of the most unfavorable starting condition on the supply cir- 
cuit must be examined. As an extreme limit a voltage drop 
of 10 per cent for such feeders as are not connected to any 
lighting load, and of 2 per cent for mixed power and light feeders, 
is permissible. Such heavy drop would be met with very rarely 
because the present practise of using distribution voltages of 
2200, 6600, and even 13,200 volts for larger industrial power 
service, combined with the minimum standard cross-section 
of 6 B. & S. standard gauge can easily take care of the drop 
caused by the starting current of an individual motor. The 
conductor material for the over-head or underground distri- 
bution system, as a rule, is standardized to the use of about 
half a dozen cross sections and once the voltage and trans- 
mission system is decided upon, the choice of the conductor 
is generally only a limited one. 

In the case of mixed power and light load, very often the 
installation of a separate step-down transformer for the light- 
ing supply will solve the question of voltaye drop on a given 
feeder, because the major part of the reactance lies in the 
distribution transformer between feeder and motor. 

The extreme limit of 10 per cent for the voltage drop in power 
feeders may have to be reduced considerably wherever special 
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service conditions would call for a closer voltage regulation of 
motor load, necessitated, for instance, by rigid constant speed 
requirements of induction motor drives in textile or paper mills. 

For smaller motor installations the rules guiding the con- 
sumer and the central station company, as issued or approved 
by the Public Service Commissions, generally bring the volt- 
age drop in actual practise considerably below the permissible 
limit of 2 per cent on mixed lighting and power feeders. 


In the case of the Baltimore Consolidated Gas, Electric Light | 


& Power Co., for instance, all motors over } h.p. must be either 
for 240 volts d-c.or 230 volts a-c., which is twice the regular 
lighting voltage. To simplify distribution in service districts 
composed of small individual loads all a-c. motors up to 10 
h.p. must be single phase motors, excepting only elevator 
motors and such installations where a contract has been made 
for installing within one year more than 10 h.p. motor load. 
In regard to single-phase motor installations, all sizes above 
1 h.p. must be of the commutator type, excepting only instal- 
lations for stationary vacuum cleaners. The tvpe of motor 
developed for this latter drive has proven to require relatively 
small current when starting, favored also by Из starting 
without mechanical load. 

For single-phase motors over 2 h.p. a limit of 14 times full 
current must not be exceeded, to be secured with starting re- 
sistance or another equivalent device. 

Three-phase motors of 5 h.p. capacity and over, must be 
of the wound rotor tvpe, excepting only especially large instal- 
lations in which case the percentage capacity of the largest 
squirrel саре motor on а 60 cycle feeder must not exceed 15 рег 


cent of the total connected load of the same voltage and phase. 


system; and on 25 cvcle lines, 25 per cent. "The limit for the 
starting current of larger phase wound motors is set at 11 times 
the full load current. у 

The squirrel cage motors of 5 h.p. and over that are exempted 
from the phase-wound rotor rule, have as limit for their starting 
current three times the full rated load current. - 

In the case of elevator motors, single-phase installations up 
to 20 h.p. rating are permissible. This exemption is made 
to allow on outlying districts with only single-phase feeder 
lines, the connection of elevator loads in buildings, where 
neither the consumer nor the central station would be justified 
in incurring the investment of the third wire addition. 

In case of three-phase elevator motors of 5 h.p. and over, 
reverse current relays are prescribed. The latter rule is for 
the purpose of avoiding the accidental reversal of rotation in 
case a lineman should have made a mistake in re-connecting his 
phases. | 

For all direct current motors the limit of the starting current 
is set at 1} times the full rated load current, a condition which 
іп no way works a hardship*in th2 design of the motors and 
their starting devices. 
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It is frequently to the interest of the consumer as well as 
central station company to arrange the total motor load of a 
customer in a number of individual drives each of which will 
not exceed in size the permissible limit of the squirrel type 
motor. | 

For larger individual motor installations special conditions 
might arise in the nature of limits to starting current that must 
be considered from the very beginning in the cost of installa- 
tion to the central station company, in the design of the motor, 
etc. Not only the maximum starting current, but equally the 
power factor under which it is drawn, will determine the volt- 
age drop of the fecder. A phase-wound motor compared with 
a squirrel cage motor that draws the same maximum starting 
current will cause a considcrably lower voltage drop and there- 
fore, the phase-wound type of induction motors will be more 
frequently used for the larger sizes in districts where the feeder 
lines are not of excessive capacity. 

From the central station company’s point of view the syn- 
chronous motor type is to be preferred over the induction type, 
on account of its better power factor operation, unless the 
power factor on the feeder does not drop below a reasonable 
limit, approximately 70 per cent; or when the large per cent 
of synchronous load on the rest of the system compensates for 
a poorer power factor on some particular feeder line. On the 
other hand the more complicated method of starting, the higher 
first cost, and the injection of the additional exciter system, 
may often warrant the synchronous motor type, despite the 
better efficiency, only in such cases where expert attendance 
is available, duc also to other conditions at the consumers 
premises. Above a certain size the auto starter is not as de- 
sirable a starting device as other starting methods although 
it is the most desirable arrangement for the consumer, ap- 
proaching conditions of the induction motor. 

The generating capacities of central stations in medium 
size and larger cities are generally such that a voltage drop 
at the station buses caused by the throwing in of an especially 
large motor on the system, very seldom exceeds the permissible 
limits. Such voltage drop, of course, being instantaneous in 
character cannot be taken care of bv any automatic regulator; 
the regulation characteristics for different power factors taken 
for the smallest generating unit that may be connected alone 
to the bus when this particular motor may be started, must be 
investigated and again, as extreme limit, 2 per cent drop should 
not be exceeded. 

From the operating point of view the induction motor shows 
superior stability in staying in step over the ordinary type 
of synchronous motor, at such times when voltage and fre- 
quency fluctuations, short circuits, etc. befall the system, origi- 
nating at the central station or on some of the transmission 
or distribution feeders. This condition, however, can be taken 
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care of to a certain extent, also, on the synchronous motor, by 
equipping the field with adequate damper windings, thus making 
the synchronous motor act, at times of voltage and frequency 
variation, similarly to an induction motor. 

There is a certain relation between the resistance of the 
damper winding, the starting current, starting torque, and the 
synchronizing torque. A higher resistance of the damper wind- 
ings gives higher starting torque for a given current, but re- 
sults in lower synchronizing torque. Such synchronous motors 
with high damper resistance could be started with no mechanical 
load by means of an auto-starter under low starting current 
and good power factor conditions. 

On the other hand, a motor with very low damper resistance 
would give heavy starting current, but low starting torque and 
may not start at all even with full voltage apphed to the stator 
leads. The synchronizing torque again, 1.e., the force required 
to pull the motor out of step once it had been locked into syn- 
chronism, is considerably larger for this type of motor. 

Depending on the special service conditions and the maxi- 
mum mechanical load under which such a synchronous motor 
should pull in step again at times of voltage and frequency dis- 
turbances, the design of the damper winding has to be carefully 
selected so as to secure all desired advantages without incurring 
any draw-backs. Properly dimensioned damper windings do 
not necessarily decrease the efficiency of the motor, even with 
their pitch smaller than the spacing of the stator slots, although 
the theory seems to point in the other direction. 

Larger sized synchronous motors, directly connected to 
mechanical loads, may render a valuable assistance under 
certain conditions for the improvement of the power factor of 
a feeder district or of the whole system, in the same manner as 
any other synchronous apparatus, such as frequency changers, 
rotary converters, etc. Under special conditions very exten- 
Sive use can be made of this power factor correction, when 
this feature is taken care of from the very beginning in the 
design of the motor. 

Although only over-excitation is generally desired by any 
method of abnormal power factor operation with svnchronous 
apparatus, conditions may also turn up on a distribution ser- 
vice that is tied in to a high tension over-head transmission 
system whereby a very low limit of under-excitation is desired 
for the purpose of creating sufficient reactive current, during 
off peak hours, on the over-head line to prevent sleet formation. 

Central stations supplving power to interurban or longer 
suburban traction systems, operating on single phase, are some- 
times confronted with the decision whether to tap the single- 
phase supply directly from the three phase system, or split 
the track in sections, supplied by different phase current, or 
to produce the single phase current by the use of phase changers. 
In one particular single-phase traction installation about eight 
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vears ago, when the central station had a capacity of only four 
2000 kw. generators with a possibility that only one generator 
might be on the bus when a heavy traction pull might occur, 
three 600 kw. synchronous phase changers were installed, gen- 
erating single phase current at 6600 volts for feeding the near 
section directly at that voltage and the more remote section 
through 22,000 volt single phase step-up transformers. This 
three phase energy was taken by the synchronous motors at 
about unity power factor from the 13,200 volt generator sta- 
tion buses. 

From the very beginning, provision was made for the ulti- 
mate elimination of the phase changers and for adopting the 
single phase step-up transformers in Scott connection for feed- 
ing the traction svstem with two phase current, the windings 
being arranged so, that one phase fed with 6600 volts the near- 
est section, while the other phase supplied 22,000 volts to the 
sections further away. - 

This change over was actually carried out a few years later 
after the generating capacity of the station was more than 
doubled and no difficulties, due to the unbalanced phase cur- 
rent, combined with lower power factor, were experienced. 
The power factor, however, under which the new svstem oper- 
ated was so much lower compared with the original phase changer 
installation that the kilovolt ampere hours measured at the 
station buses of the new system equalled, approximately, the 
previous kilowatt hour supplv. In the original layout the over- 
all dailv efficiency of the phase changer sets was around 65 per 
cent, this figure equalling approximately the average daily power 
factor under the changed method of operation. About one 
year after this change the entire system was finally re-designed 
for 1200 volt d-c. service, resulting in a very considerable 
saving of power consumption. 


THE Factors INVOLVED ім Motor APPLICATIONS 


Harold Goodwin, Jr.: I wish to draw your attention partic- 
ularly to the viewpoint of the central station; first, in regard to 
the choice between direct current and alternating current, and 
following that, the particular factors we must consider when we 
have made the choice. 

The first question to arise is: Is the central station related to 
all motor applications, or if only to a portion, to what portion ? 
Some of us say it is related to them all, while statistics say it 
is related to only part. Тһе real question is: What will be the 
ultimate relation? If we again answer that the central station 
will ultimately be related to every motor application, we cannot 
proveit. But we can point to the very great increase of central 
station service for motor purposes during the past few years, 
exceeding the brightest hopes of the early davs, and we can point 
to the parallel of the great increase in voltage of high tension 
transmission above anything that was predicted. That the dis- 
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cussions at the Industrial Power Committee meetings show 
either general assent or dissent to the proposition of univer- 
sal central station service 1s most important, not only for 
the engineers of the future who will have to deal with the 
problems we create for them, but also for ourselves, that we 
may be able so to design the central station and all current con- 
suming apparatus, that the day when they both will be linked 
together may come the sooner. That insome cases at the pres- 
ent time there seems to be no chance for economy by the use of 
central station service I perfectly agree, but that future develop- 
ments with increasing density of load will change a large number 
of these cases I am perfectly positive. Even now there are very 
few plants which would not benefit from being able to throw their 
whole load to central station ee in case of a breakdown of 
their own apparatus. 

The idea of central station service is so generally accepted at 
the present time that it mav seem out of place to devote time to 
it here. But while it is generally accepted, each individual who 
does not use it thinks that his 1$ the special exception and stops 
to consider it a few vears before he will accept it. If there are 
then processes which inherently have no relation to central 
station service, the records of meetings of the Industrial Power 
Committee should show them. 

Having decided that all installations should be related to 
central station service, the next question is: What is the form 
of central station service to which thev should be related? The 
answer, like all true engineering answers, is of course expressed 
in dollars and cents; that is, the characteristics of the central 
station service should be such that the cost of the power delivered 
from all motors to the apparatus will bea minimum. This total 
cost is made up of two items—the cost of the power supplied by 
the central station, and the cost of the installation. Let us 
look into these two items, and see to what extent they have both 
been developed, and where the future possibilities for develop- 
ment lie. If we find that one has been developed to its limit 
while its alternative has not, we mav find there is an easy solu- 
tion of the problem without a consideration of the complexity 
of all the detail factors involved. 

Taking first the question: What is best in central station 
service? The answer is, the most efficient. What then are the 
Systems which we are to compare in order to find the most eff- 
cient? The main divisions with which we are all familiar are 
direct current and alternating current. In order properly to 
compare these svstems, we must first pick out the most efficient 
arrangement of each system. Almost all d-c. distribution 
15 underground, so to find the standard d-c. construc- 
tion we naturallv turn to the report of the Underground 
Committee of the М. E. L. А. The best answer we find here is 
in the recommendation of last year's Committce to this year's 

ommittee that consideration be given the following: 
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“ Comparative practisein 4-с. distribution giving standards 
used by different companies for different items, such as 
size of mains and neutrals, type of junction boxes, use of single 
conductors versus concentric cables and limiting size of same, 
practise as to fuses, etc.” 

This does not appear to give us a very good standard from 
which to construct our ideal d-c. system for comparison with the 
alternating-current system. 

Turning to alternating current, we find that much has been 
written on construction methods, but when we search through 
all of this we seem to get scarcely closer to the standard solution 
of our problem than is the recommendation quoted above on 
d-c. distribution. This much is found, that direct current 
has had its application in the dense load sections. Under- 
ground alternating current has also been supplied under these 
conditions, and a careful analysis, though never published, has 
shown a balance in favor of the alternating current at least as far 
as lighting 1s concerned. 

If we therefore cannot find some general solution to the prob- 
lem, by the comparison of the best in direct current with the 
best in alternating current, let us see if we can find a solution in 
some particular case, and then see how far this can be extended 
to cover the whole. "There 1$ one class of service which 1$ ac- 
knowledged by all to be more economically supplied by alterna- 
ting current than by direct current. "This is service to residen- 
tial and suburban sections of cities, farming country, and, in fact, 
all scattered and light loads. This means that a large portion 
of the territory now supplied Бу electricity 1s supplied by al- 
ternating current, and that practically all new territory willbe 
supplied by thesame. But if in dense load sections the alternating 
current and direct current are of nearly equaleconomv,and concede 
even that it may be proved that direct current has a slightly 
better economy under certain conditions, the question arises, 
will it ever be proper to change from alternating current to direct 
current distribution with increase of load? This fortunately 
is not difficult to answer. Ву the time the load has increased to 
an extent such as to allow serious consideration of direct-cur- 
rent, it will have increased, due to a large amount of apparatus 
built especially for alternating current, the cost of changing 
which from alternating-current to direct-current will be prohibi- 
tive. Soevenassuming that the cost of distribution by alterna- 
ting current and direct current in dense load centers is easily 
comparable and not in favor of alternating current, we find 
that alternating current is the ultimate answer, provided, how- 
ever, that it will be suited to the service which is required of it, 
particularly in its application to motors. 

As we have found a definite limit in d-c. distribution, let us 
now investigate and see if there is a definite limit in either d-c. 
от a-c. motor practise. We find first that a-c. motors have various 
advantages over direct-current motors in regard to constancy of 
speed, elimination of commutator troubles, etc., but that in vari- 
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able speed work the d-c. motor has a distinct advantage. While 
we believe this has heen overcome, there аге manv who still believe 
that the d-c. motor has a great advantage over the a-c. motor for 
crane, elevator service, etc. Is this lack of variable speed 
characteristics then the limit for a-c. motors as the distribution 
in residential sections is for d-c.? In the distribution question 
there is no item of cost which if it could be reduced would not 
effect equal reductions in both forms of distribution. Now, will 
any improvement which mav be made in the a-c. motor have an 
equallv beneficial effect on the d-c. motor? The answer 1s with- 
out discussion, “ No." The d-c. motor has been developed to 
practically its limit, while the a-c. motor, though it 1s highly 
developed in manv wavs, has still room for great improvement, 
particularly in variable speed service. But is thisimprovement 
possible? The answer from an engineering point of view 1$ 
' Yes," though from a commercial point of view that word 
cannot vet be spoken very loudly. 

The objection to lack of speed control is on the part of the 
customer. What are the objections to the a-c. motor from the 
central station point of view? Its heavy starting current and 
poor power factor are the chief characteristics looked on with 
disfavor. Is it possible to overcome these? Both have been 
largely overcome, though there is still much to be desired in the 
ordinary commercial motor. 

What then is our answer to the question—direct-current or 
alternating-current? Emphatically—alternating-current. The 
direct-current has present and ultimate limitations, while the al- 
ternating-current has onlv afew present limitations along certain 
lines, and these are being rapidly overcome. But, it may be 
argued, since the high.tension transmission and a-c. system 
generally have been developed so much more highly than was 
anticipated a few vears ago, may not the wireless transmission 
of energy or some other such new development supersede the alter- 
nating-current? It may and we hope for all possible improve- 
ments. Should this come, it may replacethe present transmission, 
or it may affect the wiring for lightingina house, but a motor will 
alwavs be needed to give mechanical power and some delivery 
and metering devices will be necessarv for supplving lighting or 
power. So it is not likely that a distribution system with an 
efficiency such as 1$ possible with the present a-c. system will 
go out of date for many years to come, and when it does pass it is 
probable that most of it will be readily converted to the use of its 
Successor. 

Before considering the subject in de. ail, let us look at the prop- 
osition in general. What have the central station companies 
told the manufacturers that they want in regard to motors? 
Aside from what the operating engineers have told the manu- 
facturing companies they desired in certain particular cases the 
only information which the manufacturing companies have on 
the requirements of the central station are those published in 
the general rules and regulations of the centralstations. МГ. ]. 
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C. Lincoln's paper on '' Line Disturbances Caused by Special 
Squirrel-Cage and Wound-Rotor Motors ” criticised the general 
rules and regulations of operating companies. ‘The only objec- 
tion I have to make to his criticism is that it is too mild. The 
general rules of operating companies up to the present time are a 
collection of a great mass of inconsistencies and impossibilities, 
with a few truths scattered through them. The general mistake 
has been made throughout of defining a means to an end with- 
out also defining the end. The same means may with a slightly 
different application give some other than the desired end. I 
refer particularly. to the requirement in some companies that 
single-phase motors start as repulsion motors, without also 
stating the maximum starting current, assuming simply that anv 
motor started in this manner will be far superior to any split- 
phase motor. Provision is also made for auto starters and wound- 
rotor motors without also providing what the limit of current 
shall be when these starters are used. In connection with ele- 
vators it is very often stated that the motor shall be of the wound- 
rotor tvpe, vet there 15 nothing in the rules to prohibit the use 
of a simple dash pot for controlling the wound-rotor resistance. 
The resultant operation may have absolutely no relation to the 
line current, the thing objectionable to the central station, and 
for the control of which these devices are required. 

The first step, therefore, that the central stations can take 
toward the improvement of the objectionable characteristics 
of a-c. motors is to agree on rational possible rules showing the 
requirements which they desire, and indicating also the particular 
lines along which thev desire to have the manufacturers make 
developments. Fortunatelv, the Electrical Apparatus Commit- 
tee of the N. E. L. A. has taken up this matter, and their report 
to the convention in June will doubtless be of great value. 

Considering now the fractional h.p. motors, the chief objection 
of the central station to these is their heavy starting current, 
which is usually applied directly to the lighting system. The 
poor power factor 1$ of not so great moment. А large number 
of the 3-h.p. 110-volt motors now on the market take a current 
in starting from 30 to 50 amperes or even,more. This is equiva- 
lent to the whole load of from 6 to 10 of the small stores in which 
such motors are usually used, and it is obvious that a distribution 
system cannot be economically designed to care for the ordinary 
lighting demand and vet be prepared to carrv such heavy, sudden 
currents. Also the great recommendation for these motors is 
that they can be easily attached to the present wiring or lighting 
system, or they form the opening wedges for a lighting installa- 
tion. 

I agree with Mr. Lester's first statement that very little space 
has been devoted to the fractional h.p. motor in technical litera- 
ture, and it is very easy to see from what I have already said that 
I agree with his second statement, that the subject presents cer- 
tain difficulties. I further agree with his three reasons for the 
great development of the small motor field. However, when he 


1915] DISCUSSION АТ CLEVELAND 2699 


comes to list the general points to be considered, he gives as one: 
'" Variation in the characteristics of the circuit on which the 
motors are to operate, such as variations in voltage, frequency or 
both." But he does not give the consideration to the variation 
in voltage which the motor will cause on that circuit. His 
reference to '' light wiring or insufficient transformer capacity ” 
as a cause for poor starting torque, is adding insult toinjury. Не 
puts the small split-phase motor forward as a class on account of 
its portability and easy miscellaneous attachment, and then 
objects when the voltage at a socket supposed to carry 40 watts 
drops due to a demand which in some instances has been care- 
fully measured as 1.6 kv-a. for a $-h.p. motor. He acknowledges 
that the chief good which a centrifugal clutch on a split-phase 
motor can do 1$ to reduce the time during which the starting 
current is drawn, but he does not claim that it materially reduces 
the starting current, which will therefore still give a serious 
flicker to the lights connected to the same circuit. 

The suggestion that rulings should specify in amperes the 
permissible current which motors may take, corresponding to 
established voltages, is excellent, and it is further suggested that 
this may be measured bv ability to start either once or a specified 
number of times per minute on a given fuse. This is the easiest 
and most practical method of demonstrating to customers and 
wiremen the current which the motor draws. This may appear 
.to be a disproportionate amount of space to devote to fractional 
h.p. motors, but at the present time thev constitute one of the 
very greatest problems of the distribution engineer. 

The problems connected with the larger motors, as has been 
stated before, are those of starting current and power factor. 
The question of starting current should be possible of solution 
by a frank, intimate and detailed discussion of the facts, and it 
should be possible to arrive at a conclusion satisfactory to most of 
the manufacturers and the central stations. To this discussion 
Mr. J. C. Lincoln's paper on the special squirrel cage motors 1$ a 
very great contribution, and a reply from the advocates of the 
wound rotor should enable the central station to write rules which 
it would be possible to meet, and which would require the best 
in design of either tvpe of motor. 

The question of power factor is a very important one. It 1s 
quite customary to state that induction motors have a power 
factor of 80 per cent to 90 per cent yet this 15 under full load con- 
ditions. Under the conditions under which many of them oper- 
ate for hours in actual service, the power factor 1s nothing like 
this. Some feeders to which are connected onlv a high grade of 
motors have been observed to run as low as 30 per cent power 
factor showing load variations on the power factor indicator rather 
than on the ammeter. One remedy for this trouble for 
the central station 1s of course to base the charges on the maxi- 
mum demand in amperes, but this is open to much discussion, 
and the fact that the central station may be compensated for 
the loss does not do away with the fact that there is a great loss. 
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That it is possible to overcome this loss has been shown Бу the 
design of at least one unity power factor induction motor. Thisis 
an expensive motor, but it shows the possibilities, and the 
manufacturers should lend their aid 1n developing motors with 
unity power factor characteristics along commercial lines. 

It is now interesting to try to discover what the distribution 
engineer is trving to do to overcome these acknowledged diffi- 
culties. To overcome the customer’s objection to a-c. motors, 
that is, to the low starting torque and non-variable speed charac- 
teristics, the installation of either mechanical devices or motor- 
generator sets or rotarv converters to supply direct current 1s 
being recommended. Under the present conditions there still 
seem to be places where no other recommendation than this can 
be made. 

To meet the distribution problems, what is being done? 
What progress is being made in overcoming the effect of motor 
starting currents and poor power factor on the lines? To over- 
come the present troubles the erection of transformers and run- 
ning of additional secondaries, is the usual remedy in aerial 
districts. But one man has gone ahead of this. Mr. Schweitzer 
of Chicago has designed and built, very cheaply, an automatic 
instantaneous voltage regulator. This is in principle a current 
transformer. Connected to the service and supplying lighting 
through one leg and power through the other. The windings are 
so connected that the lighting voltage is raised an amount just 
equal to the line and transformer regulation when a motor 1s 
started and operated. It still leaves some things to be desired, 
but it is progress toward a transformer without regulation, and 
even in its present form should havea great field. Unfortunately 
the motor problem in underground districts is not being handled 
even as well as in aerial districts. Instead of erecting trans- 
formers and secondaries, d-c. mains of various voltages are being 
extended in many places. This is not only side-stepping the 
problem, but it is imposing a greater burden on those that will 
follow and on engineers in other cities who are trying to meet it. 

In this discussion I have not touched particularly on large 
power installations because it is recognized that to transmit large 
blocks of power to a customer the use of alternating current 
is necessary. It is therefore to the advantage of both the 
customer and central station to make the installation alter- 
nating-current throughout. On new work this is quite gen- 
erally being donc, except in cases which present the problems 
of speed control already discussed, in which cases it is neces- 
sary to install motor-generators or rotary converters. The 
supply of current through synchronous apparatus for rail- 
way operation, clectrolvtic processes, large motors, and existing 
large plants operating from direct current, will give enough 
synchronous apparatus on the lines so that there is little force 
to the argument for installing rotary converters and d-c. motors 
in preference to a-c. motors to get the power factor correction 
which can be obtained with synchronous apparatus. 
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Summing up what I have tried to bring out: 

(1) All motor applications will ultimately be related to the 
central station. 

(2) Alternating current is the ultimate in distribution, and all 
developments should be made with this in view. 

(3) There are objections to a-c. motors, but these may be over- 
соте by a careful statement bv central stations of what is desired, 
followed by a careful study and development by the manu- 
facturers along these lines. 

There is no greater need at the present time than a good sum- 
mary of the present knowledge in a-c. distribution, including the 
method of overcoming all of the problems which are met, par- 
ticularly those connected with motor applications. If the dis- 
cussions connected with the meetings under the auspices of the 
Industrial Power Committee can bring out all of these points, 
there could scarcely be a greater benefit bestowed on the en- 
gineering industry. 


LINK-BELT SILENT CHAIN 


С. В. Weiss. In 1901 began the sale of what was termed the 
“ Renold Silent Chain Drive ”; the patent rights to manufacture 
the chain іп the United States having been obtained from Hans 
Renold, Manchester, England. The chain in question, I might 
State, was of the same gencral form as our present silent chain 
and those of other well known manufacture. At that time the 
joint consisted of a plain circular case hardened pin joint, 7.6., 
consisting of a round unprotected hole in the link and a cylindrical 
ріп in direct Contact with holes in the separate leaves. More or 
less trouble was experienced with this construction, due to the 
elongation into elliptical shape of the holes in the links, and to 
the rapid grooving of the pins, from the unequal distribution of 
load across the pin area. The aggregate caused very uneven 
action and rapid wear of the wheel teeth. Neither copious lubri- 
cation or case-hardening of the links overcame these defects. 

With construction as mentioned it was apparent that the chain 
was unstable and that it could not be placed before the public on 
account of short life. 

In 1904 Mr. |. М. Dodge evolved and patented the split 
bushed joint. This consisted of segmental liners or bushings, 
which are removable, extending across the entire width of the 
chain, thus doubling the bearing surface and halving the unit 
bearing pressure on the joint. The bushings are case-hardened 
and bear upon case-hardened pins, which are free and rotate 
with reference to the bushings, thus presenting every particle 
of surface for wear. Asa result the joint wears uniformly, keeps 
round and maintains to the end the high initial efficiency. 

The drive is applicable to every case where motion is to be 
transmitted from one shaft to another.- As the sustained effi- 
ciency is approximately 98 per cent, it is evident that the saving 
of power, as compared with belts and spur gears with an efficiency 
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some 5 to 10 per cent lower, 1$ a very important item; but this 
is not all. First, bear in mind that the silent chain fits approxi- 
mately one half of the total number of teeth in both driver and 
driven wheel simultaneously. Consequently there is no slipping 
as with belts, nor jumps and vibrations as with worm gears. 
In fact the drive is as positive as a gear drive and as flexible as a 
leather belt drive with the added advantages as opposed to gears, 
of non-fixed center's and as opposed to belt drives, of greater 
possible compactness and low initial required tension. 

Take the case of machine tool drives. The driving force 
through a chain, positive but elastic, is equal at each instant to 
the force required to do the work at the rate of feed and speed 
to which the tool is set, meeting unflinchingly the requirements 
as they arise. А steady uniform rate of work is the result. The 
deflections in the machine parts are held constant, and the tools 
cut away the metal as opposed to the tearing and chattering that 
occur with the shock of high speed gears, or with the creep and 
slip of leather belt drives. 

The results have been found to be: greater output, saving in 
power, less wear and tear on cutting tools, better efficiency, and 
that heavier cuts can be taken on the same machine. 

On punch presses, shears, etc., the drive has produced vastly 
superior results ona service to which at first it was believed a posi- 
tive drive was hardly applicable, but as a matter of fact the chain 
drive is less severe on a motor armature than a belt drive. With 
the former the flv wheel is always up to speed at the instant of 
punching and this energy can be relied upon to assist the motor. 
‚Тре chain is flexible enough to relieve the motor armature of 
sharp shock. The overload, due to slowing down, is of too short 
a duration to generate objectionable heat. Оп the other hand 
with the belt drive the belt will often slip just as the punching 
is completed and the flywheel will not pick up speed during the 
next stroke. The result 1s an overload on the motor. Thus 
again the advantages are, greater output, economy of power 
consumption, less wear and tear on cutting edges, and more 
uniform product. 

The silent chain drive has proved particularly adaptable to 
fans, allowing for short centers and economy of space, one 
particular case in mind being а 240-h.p. mine fan drive, which 
operated continuously day and night for over five years, the 
only direct charge against this drive being oil for lubrication. 
It was never necessary to shut down for one moment of repairs 
to the chain. 

Blowers and compressors lend themselves to silent chain 
drive for the same reasons as do fans. However, it is necessary 
that the machine be of good design, in that sufficient flywheel 
effect is provided. This of course also applies to machines for 
refrigerating purposes. 

A large number of paper mill installations, and a majority 
of chain-driven paper mills, use link-belt silent chain. 
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Numerous drives have been sold for operating generators 
and exciters from steam engines, allowing of compactness and 
avoiding all detrimental effects of atmospheric conditions to 
which a leather belt is subjected. 

The rubber mills also present a ficld well adapted to silent 
chain drives, especially as opposed to direct gearing, in con- 
nection with which it 1$ necessary to have self contained bases 
and the most rigid of construction. 

I might go on indefinitely and tell you, for instance, that in 
the South particularly there is an enormous field for the silent 
chain drive in textile mills. I have one case in mind, the 
Interwoven Mills of Martinsburg, W. Va. This mill is now 
completely equipped with silent chain drives, 105 in number, 
most of them being over four years old. In this plant, due to 
the positiveness of the drives, seconds or goods showing defects, 
have been eliminated. Note this: that the positive drive has 
also been responsible for the elimination of broken ends, which 
cause shut-downs of the machine. Consequently an operator can 
attend to one-third more machines, greatly. increasing his or 
her earnings and greatly increasing the value of the firm's 
product. At this date it is felt that the drives have not only 
paid for themselves, but are real dividend makers. 

Another interesting installation is that in the shops of the 
Reading Iron Company of Reading, Pa., which consists of 50 
30-h.p. drives, operating socket tapping and threading machines. 
The majoritv of these drives have been in operation over five 
years under conditions so severe that the former method of 
driving, which consisted of belts and gears, would not stand 
up and proved a very costly and troublesome method prac- 
tically eliminating any prearranged quantity of production. 
As I previously stated, these drives are not running under 
what would be termed favorable conditions, but the lubrication 
is looked after carefully. The flexibility of the drive has over- 
come the greatest objection, gears; and has absorbed the un- 
equal motion that was transmitted to the motors by the gears. 
To use the plant superintendent’s words, ' I would say that 
silent chain is far superior to the belt or gears and 1n addition 
is so sweet on the motors that motor difficulties have been elim- 
inated.” 

The motor car has presented a varied field for the silent 
chain drive, in the operation of timing gears, magnetos, gen- 
erators, starters, etc.; and at the present time a large volume 
of work is being fabricated for various makes of cars. 

And now a word as to the drive. The chain details have 
been previously explained. The wheels on which the chains 
operate have cut tecth of special design, there being no rolling, 
sliding action between the working faces of the links and the 
faces of the teeth. As the link-belt chain is symmetrical, 
it can be operated in either direction. When wear is disclosed 
on the wheel teeth, these parts can be reversed, presenting 
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unworn surfaces. Further, the chain is of such construction 
that it can be easily and quickly repaired by renewing the 
joints if worn, thus bringing the chain back to more nearly 
its original pitch. 

The drives have to be designed to meet certain requirements 
and for all ordinary conditions engineering data is given in our 
hand book No. 125, which enables any engineer or mechanic 
to select a proper drive. In selecting any drive it is desirable 
to select pinions containing an odd number of teeth, in order 
to gain what is known as a hunting tooth effect. This is due 
to the manner in which chains are built, the links in adjacent 
pitches being staggered to permit of assembly. Therefore with 
a 17 tooth pinion we gain the effect of 17 working teeth, as 
far as wearing value is concerned, while with an even number 
of teeth only half the number of teeth are effective. 

Selection of the proper size chain depends on the old formula: 
Work = force in pounds X distance in ft. per min.; and h.p. 
= work divided bv 33,000 ft. lb. per min. Interpreting the 
formula as we desire it: Force in pounds or chain pul = 
h.p. divided by chain speed. This arrived at, it is essential 
that the proper safety factor be selected. After many years 
of experience it was learned that such safety factors must be 
used as would give wearing and bearing value consistent with 
long life. To this end have been computed tables and formulae 
from data collection, which have proven that considerably 
lower values can be used at low chain speeds than at high speeds. 
It has also been determined that for unit increases 1n speed, 
the power transmittable rises per foot per minute from speeds 
of about 200 ft. per min. on up to speeds of about 1500 ft. per 
min. in proportional amounts. Above this speed the power 
increases decrease manifestly on account of the high inertia 
strains which are inherent with the high speeds. 

For high speeds and low powers fine pitch chains, such as 
$ in. and J in. аге emploved, whereas for heavier work the chain : 
pitches increase proportionately. 

At the present time chains are made of pitch and width to 
meet certain conditions of the proportion of pitch in inches 
and width in inches in the ratio of 1 to 16, or in other words, 
a #-in. chain 12 in. wide, or a l-in. chain 16 in. wide. 

Where speed conditions are such that would of necessity 
emplov a 1 in. pitch 32 in. wide chain, two strands of chain 
are used with an equalizing device in the driven wheels similar 
to the single tree of a double team wagon, which device will 
insure that each chain will assume its share of the burden. 
It 1s practical to equalize any number of strands by a specially 
devised arrangement. In some cases multiple strand drives 
have been operated non-equalized, but the element of chance 
is there, especially as one chain, due to various elements, is 
apt to receive more wear than another. The difficulties arise 
in endeavoring to make the chains pull together and it is almost 
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impossible to compensate for this unequal wear by the sub- 
stitution of new parts. 

Certain characters of work, such as brick manufacturing plants, 
cement mills, etc., expose the drives to so much grit that it is 
necessary to employ dust- and oil-tight casings to afford the 
necessary protection; whereas in the ordinary, or common- 
place shops, the drives сап be run open. Most States, however, 
require that all machinery be protected and many of our cus- 
tomers encase the drives and operate them through oil on 
account of the factory requirements. 


THE SELECTION OF MOTORS FROM THE POINT OF VIEW OF 
FREQUENCY, VOLTAGE AND PHASE, AND THE INFLUENCE OF 


VARIATION AND UNBALANCING OF SAME 
CHOICE OF FREQUENCY 

А. M. Dudley: There are, in more or less general use on 
our continent, the following frequencies, viz: 25-30-40-50-60- 
663-125 and 133 cycles and possibly some others where local 
conditions seem to demand it. Of these the two entitled to 
‘the most serious consideration are 25 and 60 cycles. There 
are a large number of 40 cvcle units in operation, but it seems 
to be the general policy of all manufacturers not to extend this 
service, and it will probablv be eventually susperseded Бу 60 
cvcles. 

In the discussion of the relative merits of 25 and 60 cycles 
I will quote very freely from a paper presented at the Eighth 
Annual Convention of the Association of Iron and Steel Elec- 
trical Engineers at Cleveland, Ohio, September 14-19, 1914.* 

Several years ago there was an apparent tendency of the 
large power companies toward 25 cvcles, but that tendency is 
now reversed, partly due to improvements in certain types of 
apparatus, such as rotary converters. 

The principal loads handled by general power or central 
Station a-c. plants are: first, lighting, including arc, incandes- 
cent, etc.; second, motor power service; and third, d-c. service 
for various purposes, such as railway, etc. 

In general, there is no particular question regarding the 
better frequency for lighting service, for 60 cycles for direct 
use in both arc and incandescent lamps undoubtedly gives 

etter results than 25 cvcles. 

hen it comes to motors, either synchronous or induction, 
60 cycles present more advantages in general, except for very 
OW speeds; and, even in this case with synchronous machines, 
the choice is in doubt. In the case of induction motors, how- 
€ver, there are certain fields where 25 cycles will show better 
results. This is in very low speed work, or very low speed in 
Proportion to the capacity. It is а rule in practically all types 


of generators and motors that the greater number of poles, 


+. 
Some Electrical Problems Practically Considered," В. С, Lamme, 
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the greater must be the total magnetizing ampere-turns. In 
windings excited by direct current the number of exciting turns 
may be increased with increase in the number of poles, at a 
certain expense in copper, so that the actual exciting or magne- 
tizing current may not be excessive, even with a very large num- 
ber of poles—that is, in very low speed machines. But in in- 
duction motors the same turns are used for magnetizing and for 
generating counter e.m.f. The latter usually so fixes the 
number of turns in a given capacity and speed of machine, that 
the actual magnetizing current increases very greatly with in- 
crease in the number of poles, that is, with decrease in speed. 
With a large number of poles, this magnetizing current becomes 
so large in comparison with the work current that the character- 
istics of the machine are very seriously affected. This increase 
can be limited to a certain extent by increasing the dimensions 
of the machine, that is, its cost. Herein i$ where 25 cycles 
may give considerable advantage over 60 cvcles. For instance, 
a 4-pole, 25 cycle motor will have about the same speed as a 
10-pole, 60 суше motor. The 4-pole motor should, and usually 
does have smaller magnetizing current than the 10-pole ma- 
chine. However, the 4-pole machine for the same speed should 
require more material than the 10-pole, on account of higher 
magnetic flux conditions. Therefore, if the 10-pole machine 
were made of larger dimensions than the 4-pole, but utilizing 
the 4-pole magnetic material, its magnetizing current might be 
made fairly comparable with that of the 4-pole machine. How- 
ever, with the same total useful material but arranged in larger 
dimensions, the idle material, such as frame, supports, etc., 
will be somewhat greater in the 10-pole machine of the same 
speed. Therefore, the cost will probably be somewhat higher. 
Therefore, 1n general, for equal speeds and equal characteristics 
the 60-cycle induction motor should cost more than the 25 cycle. 
However, for general power distribution with relatively small 
motor capacities, 1t is not correct to compare a 10-pole 60 cycle 
motor with a 4-pole, 25 cycle. In most cases 60 cycle motors 
of higher speed can be used, such as eight, six and four-pole giving 
respectively 900, 1200 and 1800 rev. per min., neglecting the 
small slip. Тһе higher speed and smaller number of poles in 
general more than offset the advantages of the 25 cycle, 4-pole, 
750 rev. per min. motor as regards cost and characteristics; and at 
the same time, the greater choice in speeds 1s very advantageous. 
In 25 cycles, the highest speed is 1500 rev. per min. with two poles. 
Experience has shown that, in size and construction a 2-pole 
induction motor has very little advantage over a 4-pole, except 
possibly in very small capacities. "Therefore 60 cvcles, with its 
4-pole 1800 rev. рег min.., 6-ро!е12004геу. per min., 8-pole 900 
rev. per min. motors, has a decided commercial advantage over 
the 25 cvcle system with its 2-pole 1500 rev. per min., and 
4-pole 750 rev. per min. motors. 

However, when we compare a moderate capacity 12-pole, 250 


LICATIONS 


Га netus 25-5 i 


e the Ar her at ex 


m the numer "T " 


the aut 


e, even with aves ШУ 
speed mare Be 
esed für mac 22 
‘ег usually @ 267 


теч 


М5 cure 
| usly ái. 


1249. Om 
я 


Чи. 


wA nil 44 SEU un 
vem eet т 


et thi 
аСТ 


“ес ted. 


by пз: 


5с. 
Herein 15 Where n 


erit, 
Ёнг 


ver 0 с^ ces 


е ой “с. = 
abeut the Same’ 2 


| v moter s showd 


итеп! than the к: 
" 5 "of the Same vf 


" 
кро, on асс“ 


1A eer 


; 


Os with dut 1 | 
ec eus dme 7 


1... ud 
„Ф the unt 


ds us 


an 


пе, if the 10; өт 


п the ее iz 
d 
eun Cu: пе: 


a net 


he Pee 7 | 
ии ата =. j 
h as framt. A 
pele т. T 
ү be set 
nd equal i po Un 
cost той LN 
pion with fes 


pare а We Р 
ЫЫ yl \ 


renal | 


tal 


ean 


com 


on 


пе 
ew w КУ Е 


074 
М M 


prite Nt 


c. "m 


1915] DISCUSSION AT CLEVELAND 2707 


rev. per min., 25-cvcle with, a 30-pole, 240 rev. per min., 60-cvcle 
motor, we may find the advantage considerably in favor of the 25- 
cycle motor. If all the motors to be used in a given plant were 
of this speed or lower, and there were no other off setting ad- 
vantages for 60 cycles, such as lighting, etc. ; then the proposi- 
tion w оша look good for 25 cycles. И only a small percentage 
of the total load is represented by such low speed motors, then 
the 60 cvcle supply may make otherwise a sufficiently good show- 
ing to warrant its use. If we goto the extreme case of moderate 
or even very large capacity motors at 75 to 100 rev. per min., then 
we run into almost prohibitive constructions with 60 cycles, 
either in size or 1n operating characteristics. At 60 cycles, such 
motors are liable to have power factors so low that the actual 
current taken by the motors 15 so large compared with the work 
current, that even with poor performance, a very large motor 
is required for a given capacity. At 25 cycles the motors can 
make a very much better showing. Therefore, at the present 
time, 25 cycles represents the most suitable frequencv for 
such motors. Hope may be extended for the 60 cycle motor. 
If 60 cycle motors are to be operated at constant speed or even 
under varying or adjustable speeds, 1t is possible and practicable 
to overcome the difficulty of the poor power factor and large 
current from the supply system by connecting a special low 
frequency exciter in the secondary circuit of the induction 
motor. This will supply the magnetizing current to the sec- 
ondary instead of the primary, just as in the non-synchronous 
type of condenser already referred to. It does not eliminate 
the magnetizing current in the motor, but simply puts it in 
the secondary circuit. 

The above is a considerable digression from the central sta- 
tion problem, but it has a direct bearing on the purchase of 
power by mills from central stations. From the above it 1s 
obvious that for the general sale of motor power to varied 
industries, the 60 cvcle central station has a direct advantage 
over the 25 cycle in the great majority of service. 

Since the general tendency of both central stations and isolated 
plants is toward 60 cycles and since very large low-speed units 
are the exception, the weight of evidence is in favor of 60 cycles 
for general industrial work. 


CHOICE OF VOLTAGE 


The general question of- voltage concerns itself with the 
length of transmission, the area of distribution, the size of 
individual units, the possibility of future extensions and the 
voltage of neighboring power developments or stations from 
which emergency service might be obtained or with which future 
combinations may be made. In some industries the question 
of safety enters, owing to the nature of the work performed, 
and controls the final voltage. 

All of these elements are largely local, with the exception of 
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size of units. In this regard there are broad lines of stand- 
ardization laid down toward which good practice 1$ tending. 
Other considerations being satisfied. the following classification 
iS representative of average conditions; 

110 volts—up to and including 5 h.p. 

220 volts—up to and including 75 h.p. This voltage 1s 
probably more generally used in industrial work than any | 
other. 

440 and 550 volts—7} h.p. to 200 h.p. 

2200 volts—20 h.p. to 1500 h.p. 

3800 and 4000 volts—50 h.p. up. 

6600 volts—200 h.p. up. 

11,000 volts—not generallv used on induction motors. 
Used on synchronous motors from 1000 h.p. up. 

Where a-c. networks are to be installed in cities or in an 
wide spread distribution of small units at low voltage it 1s well 
to provide 110 volts for lighting and detail apparatus and 220 
volts for motors. 


CHOICE OF PHASE 


There are in general use in industrial work three systems as 
regards phase; one, two and three. 

Single phase is used extensively for small power motors up 
to 10 h.p. and comparatively seldom over that capacity. This 
is probably due to the fact that they may be operated from 
lighting circuits, which in many cases are the only available 
sources of power. Reliable single phase motors may now be 
obtained from several manufacturers but at their best they 
are more expensive than polyphase motors and are not usually 
employed where polyphase circuits are available. 

Between two phase and three phase there has been a long 
controversy which bids fair to result in the ultimate general 
adoption of three phase, if it were not for a comparatively 
new condition to which I shall presently refer. 

In general the arguments in favor of two phase have been, 
that it permitted the use of two voltages in the ratio of two to 
one; that when the center of the two phases is interconnected 
either 50 per cent or 71 per cent of full voltage is available for 
Starting squirrel cage motors and hence no auto starters or 
compensators are required; that in transmission and distribu- 
tion only two transformers are required instead of three; that 
balancing lighting and other single phase load is easier than 
with three phases. 

The arguments in favor of three phase have been that it re- 
quired only three lines instead of 4; that it is capable of con- 
nection either in star or delta giv ing voltages in the ratio of 
1.73 to 1 without any change in transformers; that when oper- 
ated in delta it permits one transformer or one motor phase to 
burn out and still leave the installation operative at slightly 
decreased capacity; that with the same amount of material in 
generators or motors more capacity can be obtained than with 
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two-phase by the ratio of 0.955 to 0.905 (these two figures 
being the respective “ voltage factor " or winding '' distribu- 
tion factor " of the two svstems); that evervthing else being 
equal, a three phase induction motor hasslightlv higher torques 
and power factor than a two phase motor (this difference 1s 
very slight and is more an academic than a practical point, but 
it has been raised in this comparison so that mention is made 
of it here;) that in carrving spare single-phase transformers 
for апу part of the system they need be only 333 per cent of 
the total kv-a. involved instead о 50 рег сепї in the case of 
two-phase. 

In weighing these several points the decision has been lean- 
ing in favor of three phase for some time, until it has seemed 
probable that two phase would take its place in the history of 
the art as having outlived its usefulness. There has arisen 
latterly a problem to which no final answer has yet been made, 
so far as the writer 1$ aware, and upon which he would like to 
hear some active discussion at the present time. It 1s men- 
tioned here for the reason that a two-phase svstem seems to 
be the only one that meets all the conditions, and vet for all 
the reasons given above a thre-ephase system would be pre- 
ferable. I refer to the question of a low voltage a-c. network 
in cities. There are three conditions to be met: 

1. 110 volts is necessary for detail apparatus such as fan 
motors, household devices, heating, etc., 

2. 220 volts is necessary for general polyphase motor work, 

3. one side or the neutral of all circuits must be grounded. 

The first two of these are self-evident; the third arises from 
the necessity of grounding the neutral of distributing circuits 
which is known to all central station men and also on account 
of the use of so called concentric wiring on single phase circuits. 
This term is used to describe a two conductor, one unit wire 
made up of a central conductor surrounded by insulation, act- 
ing as one side for a single phase circuit; and this insulation 
surrounded in turn by a hollow conductor, flexible in nature, 
which acts as the other side of the circuit and is at all points 
dead grounded. Such a conductor greatly simplifies general 
wiring and is considerably used in other countries. 

Since this is a digression from the immediate subject it can 
not be elaborated here but further consideration has failed to 
show anything but a 220 volt, two phase circuit grounded at 
the middle points of both phases which would meet all three 
requirements. The resulting four single phase circuits could 
be handled on concentric wiring and the two phase circuit 
would of course be handled as a 4-wire circuit having a grounded 
neutral. 

There are possibly other and better solutions than this and 
if so the present seems to be an excellent time to air them and 
get an open discussion on what must ш time become a matter 
of the first importance. 
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EFFECT OF VARIATION OF VOLTAGE, FREQUENCY AND PHASE 
UPON THE PERFORMANCE OF MOTORS 


The variation of these quantities can be considered as hav- 
ing an immediately perceptible effect upon the operation of 
the motors supplied from the circuit with regard to their torques 
and speed; and a less obvious effect with regard to efficiency, 
power factor, and heating. Sinceit is the primary function 
of a motor to develop torque at a predetermined speed, a certain 
reasonable variation is allowed in the other characteristics as 
long as operation 15 not interfered with. 

On normal circuits considerable fluctuations of frequency 
and phase are not apt to be met with. Voltage does fluctuate 
to some extent and practically all manufacturers permit a 
variation from normal of plus or minus 10 percent. This 
usually takes care of the distribution drop from power house 
or substation to the end of the line. 

Sketching freely, the effect of variations of these quantities 
may be summed up as follows for machines following the ordi- 
nary rules of accepted design. 


VARIATIONS IN VOLTAGE 
High Voltage 

(a) Increases magnetic density. 

(b) Increases magnetizing current. 

(с) Decreases 'leakage current” (Leakage reactive component in 
terms of current). 

(d) Increases starting torque and maximum torque. 

(e) Decreases slip or change in speed from no load to full load. 

(f) Decreases secondary copper loss. 

(g) Increases iron loss. 

(h) Usually decreases power factor. 

(1) May increase or decrease efficiency and heating depending upon 
the proportions of primary copper loss and iron loss in the 
normal machine and also the degree to which the iron 1s sat- 
urated. ; 

Low Voltage 

(a) Decreases magnetic density. 

(b) Decreases magnetizing current. 

(с) Increases leakage current. 

(d) Decreases starting and maximum torques. 

(c) Increases slip. 

(f) Increases secondary copper loss. 

(g) Decreases iron loss. 

(h) Usually increases power factor. 

(1) Same remark as under High Voltage. 

As a general rule machines of standard design will operate 
satisfactorily on a voltage 10 per cent higher or lower than 
the normal rated figure. 

High Frequency 

(a) Increases the speed. 

(b) Decreases the magnetic density. 

(c) Decreases the magnetizing current. 

(d) Increases the leakage current. 

(e) Decreases the starting and maximum torques. 

(f) Does not change the slip in per cent for same h.p. 

(g) Does not change the secondary copper loss in watts. 
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(h) Usually increases the power factor. 

(i) Usually does not materially alter the efficiency. 

(j) Usually somewhat reduces the heating. 

(К) May result in overload on the motor if connected to a blower ог 
centrifugal pump or similar load which changes rapidly with 
the speed. 

Low Frequency 

(a) Decreases the speed. 

(b) Increases the magnetic density. 

(c) Increases the magnetizing current. 

(d) Decreases the leakage current. 

(e) Increases the starting and maximum torques. 

(f) Does not change the slip in per cent for the same h.p. 

(g) Does not change the secondary copper loss in watts. 

(h) Usually decreases the power factor. 

(1) Usually does not materially alter the efficiency. 

(j) Usually somewhat increases the heating. 


The above statements are reasonably correct for a varia- 
tion of not more than 10 per cent above the below rated fre- 
quency and in general operation would be satisfactory over 
that range. 

From the foregoing table on voltage and frequency it follows 
that the voltaye and frequency should not be allowed to vary 
in opposite directions at the same time, т.е. voltage high and 
frequency low or vice versa. 

It also follows that if the voltage varies from normal either 
above or below and the frequency varies with it Бу the same 
percentage, the motor tends to develop the same torque at all 
times with nearly the same operating characteristics at that 
torque. The h.p. developed varies, of course, directly with 
the rev. per min.* 


VARIATIONS IN PHASE 


Variations in phase, as popularly considered, can occur in 
two ways, either by an actual variation from true phase in the 
phase angle or by a higher voltage existing on one or more 
phases than on the others. The results in either case are bad 
and fortunatelv the condition is not so apt to occur as varia- 
tions in voltage and frequency. This question 1s treated thor- 
oughly in a paper by Messrs. Charters and Hillebrand in the 
TRANSACTIONS of the A. I. E. E., Volume 28, page 559. Their 
conclusions are that the capacity of the motor is reduced by 
either of these causes and that a relatively small variation may 
cause serious heating. The reason for this appears from a 
consideration of the tendencv of a polvphase induction motor 
to balance up the circuit to which it is connected. In order 
to effect this correction, balancing currents flow in the second- 
ary having such phase and value as will tend to reduce the 
primary current to a balanced relation. If the system is rel- 
atively small and the motor unit large, practically entire cor- 
rection may result at the expense of slightly 1ncreased heating. 

*Some interesting comparative data on the effect of voltage and 


frequency variations on induction motor performance are given in an 
article by Mr. G. B. Werner, in the Electric Journal, Vol. III, page 400. 
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But if the system is large and is unbalanced to any consider- 
able extent the motor is unable to exert an entire corrective 
effect but does its maximum with resulting disastrous results. 
Data on the exact result of different amounts of unbalance is 
hard to obtain but it is not unusual for the heating to increase 
40 per cent to 50 per cent when the voltage on the lowest phase 
divided by the voltage on the highest phase is as high as 90 
percent. The writer has experienced serious trouble from so 
simple a case as operating a 600 h.p. squirrel cage motor from 
two 300 kv-a. transformers in open delta. In this case the 
slight variation of the third side of the delta from its theoret- 
ically true value caused sufficient corrective current to flow in 
the motor to overheat it. 


CONCLUSIONS 


The conclusions to be drawn from the foregoing are; 

(1) That 60 cycles is preponderant as a choice for frequency 
for general all-nurpose work. For heavy slow speed work 25 
cvcles has advantages. 

(2) That present standard voltages are satisfactory and should 
be employed with regard to the size of the unit and pertinent 
local conditions. | 

(3) That 3-phase is the most desirable choice for phase. 

(4) That variations in voltage and frequency 10 per cent above 
and below normal rated values do not seriously impair operation 
and that if voltage and frequency vary together even greater 
vaniations than 10 per cent may be allowed. 

(5) That all variations in phase caused either by phase shift 
or unbalanced voltages should be avoided so far as possible. 


SELECTION OF MOTORS WITH REGARD TO FREQUENCY, PHASES, 
AND VOLTAGE 


A. Е. Averrett: The selection of induction motors with regard 
to frequency, phases, and voltage is perhaps a secondary consider- 
ation, as these points are of more importance when applied to the 
generating and transmission system, as well as to the motors. 
In fact these points should be considered from the standpoint of 
the entire system of electric generation, transmission, and dis- 
tribution of power. However, there are characteristics of induc- 
tion motors which are influenced by the frequencv, phases, and 
voltage and some of these effects will be considered. 

The most important points are as follows—efficiency, power 
factor, speed, maximum torque, air gap, Starting torque, starting 
current, and last but not least—cost. 

Under the head of frequency, present practise includes from 
125 cycles to 15 cycles, with the general use in this country of 
60 and 25 cycles, and a few 40 and 50 cycle systems; it should be 
sufficient therefore to consider 60 and 25 cvcles as covering most 
cases. 

For a given h.p. and speed, the efficiency of a 60-cycle motor is 
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usually slightly better than 25-cycle, but the power factor of the 
lower frequency motors will usually be better. 

From the standpoint of speed 60-cvcle motors offer a much 
wider range of speed than the lower frequency, due їо the larger 
number of poles. On 60 cvcles anv speed from 3600 rev. per 
min. down corresponding to the poles can be obtained; on 25 
cvcles 1500 rev. per min. is the maximum practical speed. In 
the lower ranges of speed the following are the respective no- 
load values, 60 cvcles— 1800, 1200, 900, 720, 600, 514; whereas 
25 cycles can only have 1500, 750, and 500, at lower speed the 
"two ranges come nearer together. Е 

Other things being equal the maximum torque of 60-cycle 
motors is less than 25-cvcle motors, so that for momentary over- 
loads the lower frequency 1s superior. 

Since the power factor of low frequency motors is usually 
much better, and especially so on low speed motors, it 1$ рег- 
missible to use a somewhat larger air gap on 25-cvcle motors 
than оп 60 cvcles of the same approximate horse power and speed; 
this is very noticeable on motors subjected to severe mechanical 
shocks, where the larger air gap is necessary to give increased 
mechanical clearance and prevent the rotor striking the stator. 
As the power factor should be maintained reasonably high, if it 
is necessary to have large air gaps, low frequency is required; 
in fact in certain tvpes of mill induction motors it has been found 
impractical to build a satisfactory motor for 60 cycles. 

Starting torque 1s usually superior on 25 cvclesand while 
the starting current is slightly higher than on 60 cvcles the start- 
ing torque per ampere is nearlv alwavs better on 25 cvcles than 
on 60 cycles. 

Costs are usuallv higher on low frequency motors of average 
types because with the present tvpes of iron it is feasible to 
work nearly the same magnetic densitv on 60 or 25 cvcles, in 
which case the sections of iron must be approximately inversely 
proportional to the frequency. This larger amount of iron in 
turn requires a longer length per turn of copper, therefore, the 
weight of active iron on copper must increase very largely. Аз 
an offset the amount of labor in winding and insulation may be 
less, but the mechanical parts for the same stresses will have to 
be equal and as a net result the total cost and weight will usually 
be somewhat higher on 25-cycle motors than on those of 60 cvcles. 
Since the greater number of motors sold in this country are for 
60 cycles the question of quantity production at present helps 
for lower prices on 60-cvcle motors. 


NUMBER OF PHASES 


There are practicallv only single, two, and three-phase induc- 
tion motors in use and these two latter can be classed aspolvphase; 
since the single phase motor when running near full speed has 
essentially a rotating field, it is comparable to a poor polyphase 
motor. The single-phase maximum output is less than half of the 
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same motor when ona polyphase circuit and, asit is not self-start- 
ing, a polyphase winding must be used in connection with a phase- 
sphtting or equivalent device to enable the motor to start. 
In every way the single-phase induction motor is inferior to the 
polyphase. The only reason for using it is, that 1t requires two 
wires instead of three or more. 

As regards two and three phase, in nearly every case a three 
phase motor is superior to a two phase. The efficiency or power 
factor or both are superior if proper windings are used and the 
cost maintained the same, also the well known saving in copper 
of a three phase line over a two phase applies to the motor cir- 
cults. It would seem that from the motor standpoint a three 
phase motor is superior to either the two phase or single phase. 

The question of voltage is largely one of cost; low voltage 
motors are cheaper and more efficient than moderate or high 
voltages in small sizes (roughly under 100 h.p., motors of 200 or 
300 h.p. may well be wound for 2000 volts. Motors for 6000 
volts or more should be used only in large sizes. Low voltage 
1$ much safer for the attendants. 

It might be stated that low voltage motors usually give better 
operating characteristics but at the expense of increased line 
copper. 

High voltage motors on the other hand save line copper but 
with higher motor costs, poorer operating characteristics, and 
increased danger of breakdowns and injury to attendants. 

Unbalancing of either phases or voltage or both tends to in- 
crease the heating and reduce the break down capacity, the 
amount depending on the quality of the motor design constants. 

In general unbalancing tends to make a polyphase induction 
motor act as a phase converter drawing current from a lightly 
loaded leg to relieve a heavily loaded circuit, but at the expense 
of extra heating in the motor. 

H. L. Wallau: There is one point brought up by the last 
speaker in connection with two- versus three-phase distribution. 

А system installed in one part of this city, where the distribu- 
tion is underground, meets the situation in this wav. The 
territory supplied 1s divided into load sections normally indepen- 
dent, but which can be ticd together through junction boxes А. 
See Fig. 2. 

Each section 1s fed from a bank of two transformers, a 25 kw. 
and a 10-kw. connected 1n open delta, and located in the middle 
of the section. 

The secondary of the larger transformer is connected 115/230- 
volt, three-wire, that of the smaller transformer connected so as 
to give three-phase service 1n connection with the outer wires of 
the larger transformer. 

The distribution svstem thus consists of a three-wire lighting 
secondarv and a fourth or teaser wire. 

The leads from the transformers are connected to the low- 
tension mains through four-wire junction boxes B. 


- 
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Successive large transformer units are connected respectively 
across phases a-b, b-c, c-a, etc., the teaser units being connected 
across phases b-c, c-a, a-b, etc., thus maintaining practically a 
balanced load on the primary line. 

In case of failure of anv transformer bank, all the fuses in the 
corresponding box В are pulled, thus breaking this section 
into two half-sections independent of one another. The fuses 
in the boxes А between these two half-sections and the adjacent 
regular sections are then closed, when each of these adjacent sec- 
tions picks up half of the load of the section on which the trouble 
occurred. Тһе neutral wires are unchanged and phase rotation 
remains unchanged. 
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Fic. 2—3-WIRE SINGLE-PHASE 115.-230-Уотт SECONDARY WITH 
FOURTH OR TEASER WIRE FOR THREE-PHASE 230-VOLT SERVICE—NOR- 
MAL CONNECTIONS. IN CASE OF FAILURE OF ANY BANK, Say No. 2, 
ALL Fuses Іх Вох В (2) ARE REMOVED AND Fuses IN Boxes А (2) AND 
A (3) ARE INSTALLED—NEUTRAL MUST BE CLOSED BEFORE CLOSING 
230-VoLT LINES IN ANY А Box. 


INDIVIDUAL VERSUS GROUP DRIVE MACHINE TOOLS 


C. Fair: The advantages of the electric drive in industrial 
plants in general are well known and its importance in relation- 
ship to production is becoming better understood each year; 
yet there is much which 1s still imperfectly understood because 
of conditions which are constantlv changing and because of vast 
improvements in electrical machinery. For these reasons it is 
difficult for one, who is not continually in touch with the situa- 
tion, to keep abreast of the times. 

Originally, lighting was the principal, if not the only, advantage 
claimed for electricity. Little was known of shop equipments 
as we now see them. The first few motor drives were scattered 
and confined practically to line shaft drives and to a few portable 
drills with flexible shafts. The individual motor-driven ma- 
chine tool was about as much of a curiosity then as an individually 
steam engine driven machine tool is today. As (һе motor began 
to replace the numerous engines scattered about the shops and 
to break up the long mechanical transmission lines, a great saving 
in power and improvement in continuity of service were noticed. 
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It was during this period that many of the claims of saving in 
power were made that now appear rather extravagant. It will 
be seen how enormous were the power losses when one considers 
that steam was often transmitted to numerous engines for long 
distances, from one or more power stations through small and 
often uncovered pipes; or else the power was distributed by 
long shafts transmitting power from one building to another 
or from one shaft to another, around corners by quarter turned 
belts and to various floors, ес. Much of this shafting was іп 
very bad alignment. When the long shaft or any part of the 
long transmission system was broken, it often tied up a large part 
of the plant until key-ways could be cut and the shafts recoupled 
or a section of the shaft replaced, or the belts repaired, as the case 
might be. Within the past two or three years I have been in a 
plant that spread over a considerable area, employing less than 
four hundred men, the machinery of which was driven by twenty- 
six engines, the largest being hardly over 50 h.p. 

For a number of years the extreme flexibility of electrical 
transmission has made it the standard for power distribution 
in industrial plants, and this had originally much to do with 
the rapid adoption of the electric motor for machine shops. 
The electric motor has now practically crowded out of the 
machine shop the multiplicity of small engines and the long 
line shaft system of transmission. The overhead crane, as we 
now know it, almost owes its existence to the electric motor, 
the cumbersome mechanical transmission having some time 
ago passed into oblivion. Aside from the comparatively few 
portable machines, the largest machines were generally the 
first to be individually motor driven. With the coming of the 
adjustable speed motor and later the high speed. steels, the 
future drive for the progressive machine shop is no longer one 
of speculation. 

Today the important questions before the manufacturer are 
how to increase production and how to decrease cost. In the 
majority of cases labor is the greatest cost of production. Thus 
where machine tools are a considerable factor in the production 
and where labor is one of the principal items in the cost of pro- 
duction, the importance of obtaining a maximum output from 
the tool is evident. Tools that are limited in their productive- 
ness because of the lack of power at the tool are a source of 
expense to the manufacturer, not only on this account but on 
account of the excessive labor due to the additional time re- 
quired. The power cost of production is comparatively small, 
roughly varying from one to three per cent, while the labor cost 
is usually a very large item of the production cost, often amount- 
ing to fifty per cent and upward. И, therefore, by increasing 
the power on a given tool its output can be increased, the 
conclusion is obvious. 

If the plant under consideration be very small and the ma- 
chines only of fair size, local power conditions might be the 


1915] DISCUSSION AT CLEVELAND 2717 


deciding factor in the motor applications, and as the current 
available for the smaller shop would generally be alternating 
current, the machines would so far as possible be selected to 
fit this condition. The very size and product of the small 
factory make a desirable layout a comparatively simple matter 
and especially is this true where cost does not warrant the 
necessary outlay to obtain the increased production. 

The question of using alternating versus direct current or 
both, would, to a large extent be decided bv the size of the 
plant, the nature of the work, present installation, if any, pro- 
portion of constant to adjustable speed drives, etc. If the 
shops covered considerable area, it might pav to generate 
alternating current for convenience of transmission and con- 
vert the necessary direct current. Again it might be advis- 
able to generate both alternating and direct current. 

Large industrial plants, using many individually driven 
machine tools including metal and woodworking machines, 
would operate advantageouslv with both alternating current 
and direct current. Alternating current for the majority of 
the constant speed tvpe machine including certain of the ma- 
chines with mechanical speed changes as dril presses and 
certain type of lathes, shapers, etc., wood working machines, 
group drives, and constant speed auxiliaries, lighting and to 
a certain extent transmission, etc.; direct current for all ad- 
justable speed machines and for machines, the duty cycle of 
which can best be taken care of by the d-c. motor. 

The choice of constant-speed motor drives in combination 
with the all geared speed change machine versus the adjust- 
able speed motor driven machine depends largely upon the 
kind of machines under consideration, and upon the work, for 
instance, on all geared head lathe turning only straight away 
work, such as axles, shafts, etc., the constant speed motor 
would be satisfactory, but for work constantly changing in 
diameter or for facing and boring operations, or where the 
work must be stopped many times for callipering or fits, or 
for running off small cuts rapidly until the heavier cut 1s met 
or for cutting up against shoulder, etc., the d-c. adjustable 
speed motor has all the advantage. Not only can the speeds 
be instantly and conveniently changed when wanted, but the 
machine can be quickly stopped by means of dynamic braking. 
In the case of automatics, semi-automatic machines, etc. the 
motor speeds can, of course, be easily changed automatically. 
There are in fact hundreds of cases where. production can 
materially be increased bv the use of adjustable speed motors. 
The direct-connected, reversing d-c. motor-driven planer is 
another example of increased production due to adjustable 
speed motor and to the flexibility of the control. The properly 
combined unit of machines, adjustable speed motor and con- 
trol can be made to accomplish much toward increasing pro- 
duction. 
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Some of the advantages claimed for the direct-connected tool 
are as follows: Maximum output of the tool due to greater 
power and overload capacity, absence of slipping belts, closer 
speed regulation which allows a maximum cutting speed for 
metals of varying degrees of hardness, rapid speed changes, 
quick starts, stops, reversals, independent operation of aux- 
iliaries and ease of manipulation through convenient control 
stations. 

Elasticity in the arrangement of tools: Tools can be аг- 
ranged to the greatest advantage for sequence of operation 
in routing work, and also for good lighting as well as for com- 
pactness when necessary. 

Ease of adding new tools and of moving and rearranging 
tools: Ease of adding new tools means a great deal in grow- 
ing plants. Rearrangement becomes necessary after reason- 
able growth or because improvements in methods of manu- 
facture call for a better routing of work. 

Head room for cranes, hoists, etc. For example, note the 
expensive manner in which work is often handled because belts 
or shafting interfere with the installation of cranes or hoists. 

Facility for running only such tools as are required for over- 
time work. 

To a large extent the elimination of belts and belt troubles. 

Safety to operators: "The individual motor drive offers abso- 
lute protection to the operator from accidental starting up 
of the machine by merely opening a switch. Machines so 
protected cannot be started unexpectedly by the starting up 
of line shaft, the creeping of belts from loose to tight pulley, 
the sticking of clutches, etc., or Бу the accidental tripping of 
clutches by the operator. This additional safety is of particular 
advantage on machines requiring certain setting up operations, 
as on punch presses, etc., also by the fact that machines can be 
quickly stopped from any one of a number of the motor control 
stations. 

Some of the indirect advantages are: Power distribution 
not only for tools, stationary or portable, but for lights, cranes, 
elevators, furnaces,. welders, transportation, etc. Power and 
light can be had quickly and cheaply in any part of the build- 
ings or yard, permanent or temporary without regard to struc- 
tural conditions. 

Unobstructed light and sanitation: Numerous belts ob- 
struct light, whether natural or artificial. 

Competition today necessarily means the monotonous du- 
plicate system of manufacturing wherein the individual makes 
only one part of the finished product. It is now recognized 
as not only desirable but as an economy that some form of 
interest. be restored to help break this monotonous routine of 
duplicate manufacturing. This can and is being accomplished 
in a manner by making the surroundings attractive. Individual 
drive not only incrcases production, but reduces to a minimum 
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many of the unattractive features of the shop, such as over- 
head revolving pullevs, masses of moving belts, noisy trans- 
mission, stirring up of oil and dust, and bad lighting conditions. 
Electric drive also reduces тапу heavy manual operations to 
a minimum by the use of auxiliaries. It pays to capitalize 
cheerful surroundings. 

The general use of high-speed steel has made it not only 
possible but necessary for economical production, that the 
cutting speed be increased in order to meet competition. 
Increasing the cutting specd naturally means more power; 
and while much has been said from time to time regarding the 
increased production and saving in power due to applying the 
power direct to the tool, yet the writer has very serious doubts 
if anything like the real importance of this direct application 
of power 1s realized in many cases, even by those who are ad- 
vocating it. For instance, the saving of power 1$ looked upon 
generally as a matter of how much of the transmission friction 
load can be saved, and, though this saving may amount to 
50 per cent, it is 1n many cases only a part of the real saving 
as has been proved by numerous tests made Бу the writer. 

The slipping, due to a belt not being able to pull its cut, means 
waste power and loss of production. If the cut be heavy 
enough the maximum slip will be reached when the machine 1$ 
stalled, the power input remaining approximately the same. 
The load is now entirely one of friction due to slip in the belt. 
А familiar illustration of this fact is that of an operator de- 
creasing the depth of his cut on account of the slow down, because 
the belt will not carry the load. The solution of this would seem 
to be increase the size of the belts. This will suffice in some 
cases, but there are numerous instances where either there is not 
room to increase the width of the belt or if step cones be used the 
number of steps wil have to be decreased. Such means as 
multiple countershafts or additional gearing must be included 
to complete the speed range. Furthermore, it 1s difficult to shift 
large belts, and this method generally results in much 105$ of 
productive time. 

As previously mentioned, up to a few years ago in the majority 
of shops where motors were used they were usually belted to the 
line shaft or the countershaft of the tool. Adjustable speed 
motors were not so commonly used then as now, nor were they 
made in the great variety of sizes and speeds now obtainable. 
Today, especially in the case of new tools with their requirements 
of high power and close speed regulation, it becomes not only 
more convenient, but in many cases almost a necessity, to apply 
the motor directly to the tool. 

In driving tools with individual motors it will be noted that the 
motor not only supplies the power and speeds best adapted to the 
tool, but that in the case of variable speed tools the speed range 
of the adjustable speed motor alone will, in many cases, cover the 
entire speed range of the tool. The motor and its controlling 
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apparatus should, whenever possible, be connected directly to the 
tool, thus making a compact unit, which has also the additional 
advantage of allowing the entire machine to be moved by simply 
disconnecting the leads and connecting them in the new position 
In the case of protable tools, this, of course, is an absolute 
necessity. 

The advantages of individual motor drive for large tools and 
for certain of the smaller tools have been conceded for years, but 
there are many tools where either the cost of the motor or the cost 
of applying the motor to the tool is prohibitive on account of the 
construction of the machine. This cost could be modified by 
making the motor a part of the tool rather than a mere addition 
to it. 

Better drives are possible now than formerly, due to the greater 
motor speed range obtainable, to the decrease in size of motor 
per horse power, to motor characteristics which specially adapt 
them to the work which they are to do, to more perfect balance 
of the rotating parts at high speed; and, to a certain degree, to 
improvements in gears which allow higher speeds without 
excessive vibration and noise, and to the many recent improve- 
ments in control. | 

Considerable difference of opinion has developed аз to the 
advantages of individual versus group drives, and while it is 
generally agreed that it is advantageous to have the larger tools 
individually driven, the agreement by no means extends to the 
smaller ones. Under certain conditions there is no question as 
to the advantages of the individual drive for small tools, as, for 
example, where small tools are necessarily placed among larger 
ones, or to allow convenience in the placing of tools in the 
assembling departments, etc. 

There are naturally many machines working under conditions 
that would not justify the outlay necessary for driving them by 
individual motors and these machines should be grouped and 
driven by a single motor per group. When the work of actually 
equipping a factory with motor drive is undertaken, it is necessary 
to study the conditions of operation, which vary greatly with 
the product manufactured. The arrangement of a factory may 
be entirely different if many motors instead of a few groups are 
used. Simply the difference in the position of a number of the 
tools may greatly facilitate the handling of material. 

When direct connected drives are to be installed in a new 
building, a substantial saving in the actual cost of the building 
can be made by omitting the necessary reinforcements, inserts 
or provisions that are usually made (depending on the con- 
struction of the building) for carrying the line shaft and numerous 
countershaíts. This saviny, together with the cost of line-shafts, 
counter-shafts, hangers, pulleys, clutches, belts, etc., should be 
taken into consideration when figuring the cost of the electrical 
installation. 

In conclusion, we cannot help but call attention to the greatly 
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increasing number of individually motor driven tools which is 
due primarily to the fact, as has been shown, that the tool so 
equipped can do more work, can do it better, and do it cheaper. 


Factors INVOLVED ім MOTOR APPLICATION 


R. W. Davis: The following remarks upon the effect on 
motors of frequency, phase, and voltage are based upon in- 
duction motor applications, since this tvpe of motor predominates 
in commercial drives and is continually becoming more and more 
important with the increase in development of alternating current 
power. 

The frequency to be employed is fixed by considerations 
entirely independent of the motor application in the majority 
of cases. The small power user generally buys power from a public 
service company and must adopt the frequency available, usually 
60 or 25 cvcles. In a few special applications, as, for example, 
driving machine tools, the flexibility of speed control warrants 
the installation of a motor generator set and direct current motor 
drive. Large users of power frequently have their own gen- 
erating plants and can exercise more or less choice in the selection 
of frequency. Even then some consideration must be given 
to the frequency supplied bv the neighboring power company, 
for in case of serious damage to the power plant, it might be 
desirable to obtain temporary service from the electric company. 
If the frequencies are the same, the most that will be needed will 
be a set of transformers; while if the frequencies are different, 
a frequency changer must be installed with possibly trans- 
formers in addition. 

Assuming that the amount of power required or local con- 
ditions are such that the power user is free to fix upon a frequency 
entirely independent of the public service company, the choice 
of frequency 15 dependent upon the service. Where very low 
speeds and large overload capacities are required, as in rolling 
mill service, a frequency of 25 cvcles should be employed; for 
the efficiency, power factor and overload capacities of a 25 cvcle 
induction motor are inherently good. The 25 cycle motor really 
lends itself to the heavy rugged construction required by steel 
mill service. 

The 60-cycle motor has approximately the same efficiency as 
the 25-cycle machine, but poorer power factor and lower over- 
load capacity for a given rating and speed, and is usually a lighter 
and cheaper machine. А number of installations have been made 
with a frequency of 40 cvcles and have given excellent service. 
The efficiency is about the same as for 25 or 60 cycles and while 
the power factor and overload capacity are lower than for a 25- 
cycle machine, they are much better than in a similar 60-cycle 
motor and compensate for the slightly greater cost. Forty- 
cycle motors can be built with good power factor and relatively 
large air gaps. Motor purchasers often fail to pay sufficient 
attention to power factor and air gap and consider power factor 
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only from the dollars and cents point of view of supplying current 
to the motor. The power factor of an induction motor is almost 
directly proportional to the radial length of air gap, and the 
motor with the large air gap, though possibly costing slightly 
more for power, is much more reliable and will save enough in 
repairs, operator's time and fewer shut-downs to make up the 
difference in power cost many times over. In continuous 
operations a single shut-down will frequently cause a loss several 
times greater than the original purchase price of the motor. 

The speeds obtainable with the different frequencies is an 
important item, and in this respect the higher frequencies have 
a very decided advantage. With 25 cycles the higher syn- . 
chronous speeds are limited to the following; 1500, 750, 375, 
300, rev. per. min. while with sixty cycles the corresponding 
speeds are 1800, 1200, 900, 720, 600, 514, 450, 400, 360, 327 and 
300 rev. per min. These include the 25 cycle speeds with the 
exception of 1500 rev. per min. and in addition the important 
speeds of 1800, 1200, 900, 600 and 450 rev. per min. which are 
not available with a 25-cycle system. 

The number of phases is frequently determined by the power 
supply available and is not open to choice. Three phase 
power should be used for motor drive wherever possible since 
the characteristics of a three phase induction motor are much 
better than those of a two phase machine. 

The choice of voltage is dependent upon a number of factors, 
and the voltage adopted should be that one which will give 
the best average service, due consideration being given to the 
cost of motor, switches, lines, transformers, general reliability, 
etc. Considering this from the motor standpoint, we find 
that the percentage of slot area taken up by the insulation 15 
a very important factor and is more or less dependent upon 
the size and speed of the motor. Induction motors differ from 
synchronous machines in that they require more slots per 
pole to give satisfactory operation, and the percentage of total 
slot space taken up by the insulation is therefore greater. As 
the size of the motor increases, the slot pitch usually becomes 
greater, permitting the use of wider and deeper slots. The 
number of slots increases with decrease in synchronous speed 
for a given horse power and frequency. Hence speed as well 
as the horse power of the motor should be considered when 
selecting the voltage. On account of this, small motors, say 
up to about 50 h.p. capacity, and medium size slow speed motors, 
should be wound for 550 volts or lower. А voltage of 2200 is 
satisfactory for medium size standard speed motors and all 
large machines. : 

Conditions are such in many cases that it is desirable to 
wind the motors for a voltage higher than 2200. This is prac- 
ticable where the amount of power per unit is large. There 
are a large number of induction motors wound for 6600 volts 
which have been in operation for a number of years and which 
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have given entire satisfaction. A very few induction motors 
have been wound for service on 12,000 to 13,200 volt lines. 
These voltages require a very large number of turns per coil, 
and even in the largest machines a considerable portion of the 
slot space is taken up by insulation. Motors of this character 
are liable to be broken down between turns inside the coil by 
line surges caused by high-tension switching. It seems very 
questionable to the writer whether it 1s desirable to wind any 
induction motor for higher than 6600 volts. 

The small variations of voltage and frequency such as are 
usually met with in ordinary commercial service do not have 
any material effect upon a standard 40 deg. cent. induction 
motor. By this I mean that the motor will continue to carry 
its load without overheating. The adoption of a 50 deg. cent. 
maximum rating as a standard may require closer regulation 
of the power supply. The materials in these machines will 
be worked harder and there will be a somewhat smaller factor 
of safety than with the normally rated motors, hence the effects 
of deviation of frequency and voltage from normal will prob- 
ably be more appreciable. 


GROUP vs. INDIVIDUAL ELECTRIC DRIVE 


H.R. Johnson: There is perhaps no phase of the problem of 
applying electric motors to factory drive, involving a greater 
number of debatable points than that of the choice between 
individual or group drive. For this reason little more can be 
attempted in a short discussion than to outline the more im- 
portant determining factors. Generally speaking, it may be 
said that properly planned individual motor drive always rea- : 
lizes in the highest possible degree all the manifold operating 
advantages of electrical power distribution and application. 

Group drive still has, and always will have, a field of useful- 
ness in which it is superior, all things considered, to the method 
of individual motor drive. Nevertheless, results obtained in 
comparison with the best methods of group drive show that, 
when a company can afford the initial cost of separate motors, 
their use generally results to the greatest ultimate economy, 
as well as convenience. 

Probably the most important advantage of individual drive 
is the possibility of increased production. This increase тау 
result from a number of different causes and ranges ш amount 
from the moderate gain due to greater reliability and fewer 
interruptions with ordinary constant speed machines, to the 
tremendous increase in capacity achieved with some of our 
most modern machine tools with automatic or semi-automatic 
он control and precise speed adjustment for both cut and 
feed. 

Adjustable or multi-speed motors with ordinary hand control 
net a very considerable saving in time required to effect speed 
adjustments, as compared with mechanical arrangements in- 
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volving cone pulleys or gear changes; this advantage is further 
accentuated by the ready practicability with which simple con- 
trol levers can be placed convenient to the operator’s hand, 
while remaining in a position to closely observe the work being 
done, thus increasing production not only.directly but also 
indirectly by reason of finer control of operations and conse- 
quent smaller percentage of outages. 

In line shaft (or group) drive, every successive belt through 
which power is transmitted from the primary source to the 
tool itself gives a drop in speed of 2to 3 per cent (often more) 
which may in some cases result in a serious reduction of speed 
at the tool or, if the load is variable, an annoying speed pulsa- 
tion. On some very fine work, such as textile loom drive, the 
more precise speed maintained by individual motors actually 
improves the quality of manufactured goods, as well as increasing 
production by at least three or four per cent. With improved mod- 
ern tool steels it is often desirable to increase the speed and depth 
of cut of old belt driven machines. In such cases considerable 
trouble is often experienced with slipping belts, while in occa- 
sional instances the allowable size of belt and pulley simply will 
not satisfactorily transmit the required power. Fortunately 
it is generally possible to mount an individual motor on the 
machine frame and to effect a positive gear drive. 

The readiness with which the most elaborate controls can 
be accomplished electrically, brings very important time sav- 
ing possibilities within the reach of such industries as those 
of cloth and newspaper printing. Not only is delicate and 
positive speed adjustment made possible, without the use of 
cumbersome mechanical devices; but more important still from 
a productive standpoint, a great deal of time is saved in pre- 
liminary or make-ready operations, by means of extremely low 
obtainable speeds and “© jogging " features. 

Specific examples in which individual electric drive makes 
possible small or large increase in productive capacity or sav- 
ing in time, which amounts to the same thing, could be mul- 
tiplied almost indefinitely. We believe that almost any ma- 
chine which requires operating speed adjustments, and many 
others besides, can be made to produce from 5 to 50 per cent more 
with individual motor than with group or shaft drive. 

Probably next in importance to increase of production is 
the power saving with individual drives. It must be admitted 
that even with properly planned group drive a good deal of 
the friction load will have been eliminated. Although main 
line shafting and belting may have been eliminated, there 
still remains, practically the same, or an equivalent, system 
of secondary belting or countershafting. It is seldom indeed, 
even in the best examples in practise, that groups are laid out 
to avoid “idling ” of a large proportion of the driven machines. 
In general machine shop work, for example, the percentage 
of machines momentarily idle at any given time may run as 
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high as 60 per cent. Wherever such operating conditions ob- 
tain the use of individual motors, whose power demand ceases 
the instant the driven machines are shut down usually results 
in a power saving of 10 to 50 per cent and frequently more. 
Opposed to the possible increase of production and salvage 
of wasted power accomplished by individual drive is the increased 
initial cost. The point is well illustrated by the accompanying 
curve, Fig. 3, showing the rapid increase in cost of motor equip- 
ment when composed of small units. The figures are drawn 
from actual retail prices for constant speed d-c. motors with 
pulley and sliding base, speeds chosen being 1n the neighborhood 
of 1100 revolutions per minute for small sizes and about 700 
revolutions per minute for larger units, t.e., speeds somewhat 
lower than the practicable limit for belted drive. The com- 
parison in practise would be stil more strtking since belted 
motors driving shafting could often be chosen at higher speeds, 
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while geared individual motors would often need to run at a slower 
rate. Furthermore, in order to realize one of the principal objects 
of individual drive, the smaller motor might need to be of the 
adjustable speed type and hence involve a higher initial expense. 

Considering any rationally possible saving in first cost of 
shafting, hangers, etc., when using individual drive, this cost 
would be largely offset by the expense of installing the greater 
number of motors, involving as it would in many cases necessary 
alterations in the mechanism of the driven machine as well as 
the construction of supporting brackets, extra conduit work for 
wiring and possibly the charge for expert designing and drafting. 

It will readily be seen, therefore, that to justify the extra cost 
of individual drive, the material advantages gained must be in 
proportion. The investment is amply justified by any ap- 
preciable increase in production. In general, the cost of power 
and fuel is only 2.5 to 3.0 per cent of the value added or created 
in manufacturing processes, as shown by the U. S. Census of 
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Mfg. Industries, while the wages (exclusive of clerks and salaried 
help) is practically six times that amount. A glance at these 
figures shows precisely why, almost regardless of the running 
or investment charges on the motive equipment, a large majority 
of manufacturing plants profit very substantially by the use of 
individual drive. An apparently small increase of production 
will amply justify a large percentage increase in the cost of power, 
since the latter is always a very small element in total cost of 
production. 

Besides the points already discussed there are a multitude of 
by no means unimportant advantages attendant on the use of 
individual drive any one of which may prove determining factors 
in making the proper choice; these features all have a more or 
less direct result in increasing production or improving the 
quality of the mahufactured goods. For example, individual 
drive makes possible a shop whose overhead space is unobstructed 
by shafting, pulleys and belts, thus permitting: 

1. Better light and circulation of air. 

2. Less dust, dirt and noise. 

3. Less expensive building construction. 

4. Unobstructed handling of materials by traveling cranes. 

The change from group or line shaft drive results in a sub- 
stantial improvement in the safety conditions under which the 
operators at and about various machines are permitted to work. 
The lessening of risk from the mere elimination of shafts, belts 
and other cumbersome devices for mechanical power transmission 
may be best appreciated by a study of literature devoted to the 
subject of accident prevention, as well as of various state laws 
requiring the guarding of shafts, belts, rope and chain drives, 
gears, pulleys and couplings. The First Annual Report of the 
Massachusetts Industrial Accident Board, 1914, shows 3.6 per 
cent of fatal, and 2.75 per cent of non-fatal accidents to be due to 
belting, gears, shafting, set-screws, couplings, etc. In addition 
"falls", which present a formidable total, are undoubtedly 
contributed to by the presence of mechanical power trans- 
mitting devices. 

After all, individual drive gains its strongest claim as a pro- 
motor of personal safety because of the ease of control over 
ordinary operations, the possibility it offers of perfecting at a 
reasonable cost, the most elaborate automatic controls for special 
operations, or centralized controls for intricate and extensive 
machinery systems which should be operated as a unit; in 
addition to the ease with which automatic stop buttons and 
levers can be arranged at points convenient to any one of several 
operators or attendants at а single machine, ог at points where 
hazardous operations are to be performed. Examples of such 
accident saving control features might be multiplied without 
end, did space permit. 

Individual motor drive, by merely opening a switch, offers 
absolute protection against accidental starting of machinery, 
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all danger of such an occurrence due to the unexpected starting 
up of line shafting, the creeping of belts from tight to loose pul- 
leys, sticking or accidental tripping of clutches being at once 
eliminated. 

The reduction of nervous strain and the beneficial effect on 
precision of movement and keenness of the sight and hearing 
due to improved lighting and ventilation with reduction of 
noise, dirt, dust and delays resulting from the change to in- 
dividual motor drive are important indirect contributors to the 
cause of accident prevention. 

Another very important point is the ideal freedom allowed in 
arranging machinery, without reference to the location of shafting 
and with an eye single to the most advantageous handling and 
routing of goods in the manufacturing process, to space economy, 
rearrangements, enlargements, etc. 

Individual drive provides insurance against serious inter- 
ruptions of production due to failure of any one motor, since the 
difficulty affects only one machine instead of an entire group or 
department. e 

Not the least important advantage of individual drive 1s the 
readiness with which the system lends itself to accurate tests of 
power consumption by separate machines. By means of record- 
ing instruments the rate of production and duty cycle can be 
accurately checked, thus furnishing accurate data for cost 
accounting, piece work pricing, and possible change in the size 
of the motor used for the drive. 

By similar means a ready check is afforded upon the physical 
condition of the machine and cutting tool. Wood-working tools 
in particular, due to dulled or misaligned cutters, may absorb 
two or even three times the power normally required for the 
kind of work being done. The extra power not only is wasted 
but is liable to react injuriously upon the machine itself by way 
of strained parts or heated bearings. By systematic occasional 
readings of power consumed while running light and loaded, 
faults may be found and corrected before serious loss or trouble 
occurs. This particular phase of the subject is likely to attract 
much more attention in the future than in the past. 

Conditions that point strongly to group drive as the proper 
choice are: 

1. Groups of constant speed machines which may be arranged 
to run Continuously, or simultaneously. 

2. Compact groups (1.е., those requiring only short lengths 
of countershaft) where, due to the diversity factor in operation, 
the h.p. rating of a single motor to drive all machines together 
may be considerably less than the combined h.p. necessary to 
equip all with individual motors. (This is especially true when 
motor rating 15 less than 2 h.p. each.) 

In neither of the above cases could the power consumption 
be greatly reduced by individual drive nor, since only constant 
operating speeds are required, would the increase in produc- 
tion be more than a nominal amount. 
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3. Groups of similar constant-speed machines which, due to 
extra heavy starting demands or momentary peak load require- 
ments, would require motors for individual drive considerably 
in excess of the average running load. 

4. Groups of very small machines where, despite some sav- 
ing in power, individual motors would be unreasonably costly 
and inherently somewhat less rugged and reliable than larger 
Sizes. 

Any considerable increase of production would, however, 
justify individual motors in such a case. 

To summarize, the only practical disadvantages of individual 
drive are higher first cost of equipment and, in the case of very 
small motors (fractional h.p. sizes) a slight inherent reduction 
in ruggedness and reliability. Among the advantages to be 
gained are: 

1. Increased production. 

2. Saving of power. 

3. Possible improvements in а. of machinery, sav- 
ing in cost of millwrighting, and building construction, free 
overhead space, better light and air, increased safety, etc., 
which may be grouped under the heading of “ attendant ad- 
vantages.” 

The ultimate choice will depend in any case upon the im- 
portance attaching to the various factors with reference to the 
particular factory conditions to be met, affected to some extent 
by the tastes and Е of the customer’s personal repre- 
sentative. 


SAFETY First IN Motor APPLICATIONS 


W. C. Yates: People not fully informed might infer, from 
the present widespread attention that is being paid to ways 
and means of safeguarding workmen from accidental injury, 
that practically no thought had hitherto been given to an 
obviously most important matter. Such is not the case, as 
anyone who cares to investigate can readily learn. It is not 
proposed to discuss here the reasons for the awakened general 
interest in the movement which has for its slogan '' Safety First.” 
Our subject deals with motor applications, and it will be noted 
that manv of the precautionary measures advocated in the 
following have been in force for some time. The really new 
ideas, as represented in certain recently designed motors and 
controlling devices, also by installation features of novel char- 
acter, indicate that the latest steps are toward protecting the 
operator, electrician, cleaner, repairer, or anvone who may for 
reason or no reason, handle or tamper with the equipment, 
against any grievous results of carelessness, negligence or 
ignorance. There have been for many years safeguards ade- 
quate for an intelligent workman exercising a reasonable 
amount of care. 

The field of application of the electric motor constantly 


1915] DISCUSSION АТ CLEVELAND 2729 


broadens and becomes more diversified. In these days it is 
out of the question, perhaps even undesirable, to place the 
operation of all motors in skilled and intelligent hands. Much 
motor-driven machinery is operated by men whose knowledge 
of mechanics and electricity is absolutely nil. It is necessary 
to protect each against the other, and '' Safety First ’’ concerns 
the protection of the man. _ 

Safety First in motor applications could be considered to 
embrace precautions taken in the whole system of which the 
motor 1$ a part; including the power plant, transmission, trans- 
formers, internal wiring, etc. on one hand, and the safeguards 
placed on the driven machine on the other. This discussion 
will be confined to the motor and its control, beginning with 
the leads supplving power, and ending at the pulley, pinion, 
clutch or coupling through which the motor transmits power 
to the machine. 

THE MOTOR 


Wiring to the Motor: The danger here is one of electric shock 
and can be guarded against by: 

1. Bringing the line leads through conduit to a conduit box 
enclosing the motor terminals. The conduit should be elec- 
trically connected to the motor frame. Up to date types of 
motors, having terminals mounted upon terminal boards, are 
designed to receive standard conduit fixtures for enclosing the 
terminals. 

2. Bringing the motor leads through bushings in the frame 
and using thoroughly insulated and protected connectors for 
connecting to the line leads. 

3. Placing the motor out of reach or in a pit with the term- 
inals under the motor. 

There are, of course, special cases which demand special 
treatment. For instance, crane trolleys must of necessity be 
bare and should be suitably guarded and danger signs erected 
where workmen may have occasion to come in close proximity 
to the wires. 

The Motor. The motor offers possibilities of both electric 
shock and mechanical injury. The guarding of the terminals 
has already been referred to. In addition: 

1. The frames of all motors operating on high voltages, such 
as 2300 should, without question; be permanently and effec- 
tively grounded. Grounding of the frame is also essential on 
lower voltages in installations where dampness, acid fumes, or 
other deteriorating agencies can affect the insulation. 

The question is still openasto the advisability of grounding 
motor frames as a general practise on the lower voltages. The 
A. I. E. E. Standardization Rules demand high potential tests, 
which are amply sufficient to ensure improbability of the motor 
windings grounding. It should be borne in mind, however, 
that insulation deteriorates with time, and after several years 
service it is not reasonable to suppose that the same factor of 
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safety exists. It is best to be on the safe side, and to be ab- 
solutelv so it might be well to ground motor frames on all cir- 
cuits of 250 volts and higher. 

2. In the design of motors the tendency in the frame design 
is properlv toward so enclosing the rotating parts that injuries 
caused bv the rotating armature and ventilating fan cannot 
occur. Sufficient ventilation is provided by perforated strips 
or sections of coarse mesh set into the bearing heads, or by 
providing for the flow of air around the bearing housing. 

Motors, not so protected, should be so located or guarded 
by a rail or shield as to make it impossible for the hand, any 
other part of the body, or the clothing of anyone to be accidently 
caught. 

3. Gears, pulleys, couplings, slotted shafts and all other 
rotating parts should also be so shielded as to make accidental 
contact with them impossible. In the case of back geared 
motors the motor manufacturer should supply a proper gear 
case or guard, unless it is known that the complete machinery, 
of which the motor is a part, makes such provision. 

It should not be overlooked in the case of motors made with 
shaft extensions at both ends, and where but one extension is 
in use, to guard the other shaft end. Some types of motors 
are manufactured as standard with a shaft extension for a 
solenoid brake, whether the latter is used or not. Where the 
brake is not furnished with the motor, the manufacturer should 
provide a suitable shield to cover the superfluous shaft extension. 


THE CONTROL EQUIPMENT 


The features essential to a safe control equipment may be 
grouped under headings as taken up in the following: 

Protection from Electric Shock or Burns. It is naturally 1m- 
possible to treat the control like the motor, as the former must, 
in thegreat majoritv of installations, be manually operated direct- 
lv or indirectly. Similar considerations, however, apply to 
the guarding of terminals and connecting leads, and to the 
grounding of enclosing case and conduit. 

In general, protection of the control equipment can be afforded 
by resorting to one or more of the following four classes: 

Class (A) Protection. Out of reach, at least 6 feet, six inches 
above the floor level. 

Class (В) Protection. Mechanically enclosed, but necessary 
to open doors or covers to operate. | 

Class (C) Protection. Mechanically enclosed, but not neces- 
sarv to open doors or covers to operate. 

Class (D) Protection. Protected by guard rail. 

Under class (A) may be grouped either electrically or mechan- 
ically remotely controlled switches, circuit breakers, contactors, 
rheostats, and any other devices which are indirectly operated 
and may therefore be located out of reach. Automatic starters 
for pumps, controlled by a float switch or a pressure switch, belong 
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in the same category. In all such cases a disconnecting switch 
should*be installed so that an authorized person may be able to 
make the control dead while doing any work upon it. These 
same remotely controlled apphances may naturally, if desired, 
be protected in accordance with Classes B, C or D. 

Under Class (B) may be grouped control equipments infre- 
quently operated, and then only by an experienced and depend- 
able operator. Starters and speed regulators for continuously 
running motors may be properly thus protected. 

Class (C) comprises all control devices lable to frequent 
handling, such as drum controllers, master controllers, push 
button switches, auto-starters, and other types of motor starting 
or regulating switch mechanisms used with motors put to service 
which demand more than occasional starting or speed regulation. 
Such service embraces shop tools, cranes, printing presses, textile 
machines and the like. 

In Class (D) may be placed control equipment for group drive, 
large motors or for other such service as requires infrequent 
starting or stopping, and may be isolated from machinery around 
which men are at work. Examples of such installations are 
motor driven compressors, fans, conveyors, etc. 

Where the replacement of fuses is left to workmen who are 
not experienced electricians, provision should be made to so cover 
the fuses that the cover cannot be removed without first opening 
the line switch, or else to provide an insulated fuse holder by 
means of which the fuse may be withdrawn from its clips and 
a new one inserted with no possibility of the hand coming in 
contact with any live parts. 

Circuit-rupturing parts should be so shielded or enclosed that 
any arcing cannot injure the person operating the control 
equipment. 

Protection from Mechanical Injury. Controlling devices in 
themselves offer little likelihood of injury other than electric 
shock or burn. There are, however, possibilities of injury from 
the motor-driven machine that must be taken into consideration. 
No-voltage protection is essential in all installations in which, 
when power has failed, the resumption of power causing the 
machinery to unexpectedly restart would be liable to harm 
anyone who might be at work about the machine. When the 
power goes off it should be possible only for the operator to 
restart the motor. 

In the case of any machine, such as a newspaper press, which 
may be operated by an automatic starter controlled from more 
than one control station, a safety switch should be installed at 
each station which may be opened at any station to prevent 
the starting of the motor from any other station. 

Provision should be made for the locking against operation 
of controlling appliances of machinery on which anyone may be 
-working not in full sight of any one else who might manipulate 
the controller to start the motor. 
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Limit switches, stopping the motor independently of the 
operator, are essential to safety on machinery such as hoists, 
where overtravel could result in damage. 

It is essential to install suitable brakes on cranes or other 
machinery which upon failure of voltage or other opening of the 
circuit will prevent a descending load or continued running of 
the machinery from causing damage. Safe braking depends 
upon the nature of the installation. Best practise provides a 
crane either with one mechanical load brake and one solenoid 
brake, or else with dynamic brake and two solenoid brakes. А 
crane control equipment should also include, mounted within 
ready reach of the operator, a switch the operating knob of which 
may be quickly struck by the operator to open the circuit to all 
motors on the crane. Many machine tools require dynamic 
brake protection which should be provided wherever an emer- 
gency stop would ever be necessary to prevent damage. 

Passenger-carrying hoists and elevators demand extra pro- 
tective features peculiar to such service, and need not be 
dealt with in this discussion. 

In General: Controlling appliances should contain only such 
circuit manipulating devices as will clearly indicate whether they 
are closed or open. | 

All controlling devices and equipments should be clearly 
marked to indicate the use for which they are intended and all 
terminals should be marked so as to make proper connections, 
a matter of no difficulty. 

Controlling appliances should be made, as far as possible, so 
that in case of failure of any part of the mechanism the results 
will not be dangerous. 

When installed under conditions where gas or combustible 
flyings may accumulate, controlling devices should be effectively 
closed to prevent explosions. 

In conclusion it mav be in order to make a plea for the main- 
tenance of the full significance of the term “Safety First," which 
should not be used in the advertising or exploitation of апу 
device or equipment that does not actually conform to all 
reasonable requirements. There is danger that, if used too 
generally or inappropriately, this trademark of protection to 
life and limb may be perverted by the careless and become 
meaningless. 


CAPACITY AND ТҮРЕ ОЕ MOTOR WHICH MAY BE THROWN ON OR 
USED ON SYSTEMS, FROM THE STANDPOINT OF CENTRAL 
STATION COMPANIES 


R. F. Schuchardt: Central stations, being in business to supply 
electrical service to everybody who has need for it, would 
naturally prefer to run ‘‘wide ореп”; that is, to have no restric- 
tions whatever on what may be connected to the system, in order 
to make it simple and easy for consumers to receive service. 
Unfortunately, however, such absence of limitations would bring 
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about conditions which would greatly impair the quality of the 
service rendered, not only to the consumer having undesirable 
apparatus but to all others on the same circuit. There are also 
other limitations prompted by commercial considerations; that 
is, by the cost of furnishing the service compared with the 
probable income to be derived from same. In this latter class 
belongs the rule which requires that all alternating current 
motors of less than 5 or 73 h.p. shall be single-phase, since 
the cost for the extra transformer, etc., would make a polyphase 
installation for this small load unremunerative. 

The principal limitations imposed to safeguard the quality 
of the service are with respect to size of motor permitted on one 
side of a 3-wire system and the starting current permitted for 
various sizes. It is usual їо forbid motors larger than 2 h.p. to 
be connected on one side of a 3-wire system. With regard to the 
starting current, it is preferable to state this in amperes rather 
than in multiple of rated current since the latter method would 
tend to favor an inefficient motor. Starting devices.are usually 
required on motors of 5 h.p. and larger where the installation 
consists of a single motor of this size. It is customary to require 
a power factor of not less than 80 per cent for full load condition 
of the motor. With low speed motors it is usual to change this 
requirement to 75 per cent. 

The above, of course, is designed to prevent serious fluctu- 
ations of lighting pressure when the motor is started and while 
it is in operation. A much larger fluctuation is permitted on 
motors which are started infrequently than on motors which 
must be started very often, such as for coffee mills, meat grinders, 
electric pianos, and the like. Such frequently started motors are 
often required to be wound for 220 volts when used on 3-wire 
systems, since the disturbing effect is then only one-fourth as 
great as at 110 volts. 

There is one other limitation or rather requirement which does 
not come under either of the two classes above mentioned and 
that is with respect to safety precautions in special cases. In 
this class comes the requirement now quite general for reverse 
phase relays and circuit breakers on elevator installations, cranes 
and the like. In general the Underwriters’ rules cover this 
department quite fully. 

It is quite possible that practically all of the limitations placed 
on alternating-current motors in order to prevent serious voltage 
fluctuations may be discontinued in the near future. This is 
conditional on the use of a device invented by Mr. E. O. Schweit- 
zer, of Chicago, which will automatically and instantly 
compensate on a lighting circuit for the voltage drop caused by 
motors connected to the same circuit. A description of this 
device appeared in the Electrical Review of February 6, 1915, 
together with a diagram of connections and its application to 
lighting and motor load. 
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Loap CONDITIONS AFFECTING THE SELECTION OF MOTORS 


Eric A. Lof: In many instances the economy of motor drive 
is not based so much on the saving in power as on the improved 
quality and the increased output of the manufactured praduct. 
These improvements have been made possible by a careful study 
of the load conditions of the different machines and by so select- 
ing the motors that their characteristics as well as capacity fully 
meet the load conditions involved. The use of recording instru- 
ments on motors temporarily installed permits the exact size 
of a motor required for the most efficient operation of any 
machine or group to be accurately predetermined. 

All machines should, of course, be run at their maximum 
economical speeds, and these speeds should be maintained under 
all conditions. This is a point often neglected, with the result 
that the output is in many instances seriously reduced. Certain 
products are, on the other hand, dependent on a varying speed 
for their quality, and care must be taken that the right motor 
is selected for such service. 
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The most ideal load condition would, of course, be that where 
the load was continuous and constant in value, and with no 
appreciable speed variation. Such cases are, however, strictly 
speaking, rarely if ever met in actual practise. The motor may 
be running continuously for weeks and even months, but the load 
usually varies more or less. Blowers, pumps, etc., are examples 
of a continuous and fairly constant load. Certain machines of 
this class require a high starting torque and if this is not properly 
considered, the starting current may reach a value which would 
cause an excessive voltage drop, and this in turn would seriously 
affect the starting torque, and the motor may not be able to start 
the load at all. 

The load conditions may also be of a variable nature, in which 
more or less definite cycles are repeated, while the motor is run- 
ning continuously. Such loads may be irregular in the extreme 
due to the intermittent character of the process, such as rolling 
mills, etc.; Fig. 4. For this class of service, flywheels or motors 
of large flywheel effect are generally used for overcoming the 
peak loads and thereby reduce the maximum generator and 
motor capacity required for widely fluctuating loads. In such 
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cases means must be provided for automatically retarding the . 
motor speeds when the peak loads come on, since the available 
energy taken from the flywheel depends on the drop in speed. 
This is accomplished by selecting compound-wound direct- 
current motors, high-slip or phase-wound induction motors, in 
which latter, resistance may be automatically inserted in the 
motor winding as the load comes on. 

On the other hand, the machinery to be driven may require 
a frequent starting and reversal with variable speed require- 
ments and sometimes excessive starting torque. Such con- 
ditions can readily be met by motor drive, but the operating 
cycle must be very carefully studied and a motor selected whose 
characteristics will meet the conditions of the load. 

An example of a rather complicated operating cycle is that 
met with in pipe threading machinery, the accompanying curve, 
Fig. 5, showing the duty cycle for such an operation. The motor 
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is started at a, and accelerated up to a speed of 600 rev. 
per min., after which the facing operation for the threading 
begins. This operation terminates at point c when the motor 
15 speeded up by means of a field relay to its highest speed of 
1200 rev. per min., and the rounding operation begins at 
point d and ends at e. Then the field is strengthened and the 
speed reduced to 400 rev. per min. for the threading, 
this operation from f to g requiring the longest time and the 
lowest speed. At point g the motor is stopped by dynamic 
braking and the operation is repeated when a new pipe has been 
inserted. 

It is of course, impossible to cover even a few of all the different 
conditions of load which are likely to be met in practise, and the 
above will simply serve to illustrate in a very general way what 
May be expected and to point out the necessity of carefully 
analyzing each individual case as certain points always enter 
which very seldom make two installations alike. 
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REFRIGERATING MACHINERY 


Geo. H. Jones: There are one or two points in electric motor 
application that I should like to emphasize. The first, in con- 
nection with the type of motor selected when variable speed 
operation is required on direct current circuits. We find many 
of the leading architects of the country seem to persist in speci- 
fying armature control motors for this class of work. I refer 
particularly to motor driven ventilating fans and refrigerating 
machinery. At certain seasons of the year it is desirable to 
operate these motors at considerably less than full speed, but 
this results in a very large loss in armature resistance. Field 
control motors should, of course, be used in this class of work, 
and a great deal of good can be accomplished if the American 
Institute will lay emphasis on this point. 

For a second item, I would like to call attention to a device 
developed by the Commonwealth Edison Co., Chicago, for 
the protection of electrically driven ice plants, against, first, 
motor burn-out if one phase of service becomes dead; second, 
against motor burn-out due to excessive overloads; third, against 
choking of motors due to temporary lowering of line pressure 
and, fourth, against the equalization of pressure on the two sides 
of the system in case of a shut down of service supply. This 1$ 
accomplished by means of an electrically operated clapper valve 
which closes automatically on the interruption of service supply. 

In addition to the above an emergency switch is provided at 
the entrance door to engine room, by which the entire service 
supply can be readily cut off, should this be rendered desirable 
in case of trouble. 

This equipment has been installed in a number of the ice plants 
in Chicago, and is considered by the owners to be very advan- 
tageous. 


SELECTION OF Мотов$ FROM Point oF VIEW OF FREQUENCY, 
VOLTAGE AND PHASES AND THE INFLUENCE OF VARIATION 
AND UNBALANCING OF SAME 


М. Currie, Jr.: The average buyer of motors has ordinarily 
little to say as to the frequency, voltage or phase of his motor 
applications. The central station supplies his district with lines 
of certain frequency and phase, and has established rules which 
govern the voltage to be used on certain sizes of motors, and 
which allow him to use any one phase of this system only under 
certain conditions. 

To the manufacturer or distributor of power, however, the 
question may arise as to what would be the voltage, frequency 
or phase of the power which would offer the cheapest distribution 
and which would be of greatest convenience and satisfaction to 
the motor user. This problem would, therefore, be considered 
by the central station and the isolated plant owner assuming 


that the use of direct current had been eliminated from the 
problem. 
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In any case, this delivered power should be such that standard 
motors might be used if possible on account of lower costs and 
better deliveries and ease їп securing supply parts. However, 
the majority of manufacturers have standardized a wide range 
of frequencies, voltages, and one, two and three phase motors 
so that usually the choice resolves into. a selection from these 
standard lines. 


FREQUENCY 


As the speed of an a-c motor with shunt characteristics, (as 
distinguished from series characteristics) depends on the number 
of poles of the motor, the range of practical speeds, or more 
properly, the steps of practical speeds which can be secured, 
increases with increase in frequency. For instance, the 25 cycle 
motor is ordinarily furnished in speeds of 500, 750 and 1500 
rev. per min. the 40 cycle motor in speeds of 600, 800, 
1200 and 2400 rev. per min., the 60 cycle motor in speeds 
of 600, 720, 900, 1200, 1800 and 3600 rev. per min. There- 
fore, from this standpoint the higher frequency motor 15 
desirable, although as a rule the above objections to low 
frequency motors can be overcome by properly proportioned 
pulleys. However, the design of the high frequency motor has 
inherent limitations which make it more expensive and inferior 
in characteristics to the moderate frequency motor. Low fre- 
quency motors in addition to the limitations in speed steps, are 
also inherently more expensive from design standpoint. There- 
fore, motors of moderate frequency, 1.e., 50 or 60 cycles, are 
preferable to the average customer both as to original cost and 
flexibility of speed steps and superiority in operating character- 
istics. 

PHASES 

Single-Phase vs. Polyphase. Аз has often been demonstrated, 
the three-wire general distribution system 1s superior to the single- 
phase system, and to the four-wire, two phase system, both 
as to cost of copper and cost of installation. However, in cer- 
tain cases the total cost of installation of a single-phase section 
may prove cheaper than the three-wire system. 

Тре single-phase motor 1s in itself inherently larger and more 
expensive than the polyphase motor. However, where it is 
necessary to supply power for comparatively small loads, it may 
be found that the over-all cost of installation of the polyphase 
motor, with its transformers and three lines of secondary copper, 
etc., may exceed that of the single-phase motor with its single 
transformer and two lines of copper. Calculation will easily 
show the comparative costs for any given case. 

Two-vs. Three-Phase. Тһе amount of copper required for a 
two phase, three wire, or for a three phase system is approxi- 
mately the same; while the copper required for a four wire, two 
phase, is somewhat greater. Obviously, the installation cost 
of the four wire, two phase line, would be greater than that of 
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the three wire system. One of the greatest differences in the 
cost of installation of two or three phase lines would be the cost 
of the transformers; the three phase line requiring three trans- 
formers, and the two phase line, two transformers. 

The three phase line, however, offers one big advantage and 
that is the possibility of using multi-polar or multi-speed motors 
which give adjustable speed characteristics in speed steps 
depending on the number of poles. This is not possible on two 
phase motor. This objection may be overcome, however, by 
use of various types of adjustable speed motors which are now 
appearing on the market and which will give adjustable speed 
on one, two or three-phase lines. 

The installation of the three phase motor is slightly more 
simple than the two phase motor for the reason that the direction 
of rotation is the only consideration in connecting up the motor 
leads, while on the two phase motors not only must the phases 
be properly separated, but on three wire systems there is danger 
of applying high voltage across the motor windings with resulting 
burn-outs. This may seem a minor point but it will be actually 
found to be the cause of many burn-outs per year. 

While performance characteristics on two and three phase 
motors do not differ materially, they are, however, slightly in 
favor of the three-phase motor as to power factor and efficiency. 


VOLTAGE 


Transformer ratios make any motor voltage possible. A 
moderate voltage, 1.е., 220 to 550, is preferable as a low voltage 
means larger secondary copper and a high voltage introduces 
insulation difficulties both in the distribution lines and in the 
motor itself. In the high voltage motor, repairs to windings 
are more difficult and installation difficulties and troubles due 
to break-down are increased. 

The high voltage motor is more expensive due to increased 
insulations and it often has characteristics inferior to the mod- 
erate voltage motor, due to sacrifice of active-material space to 
insulation space. The cost of motor starters or compensators 
with no-voltage or overload release features, is ordinarily higher 
for the high voltage equipment. 

This whole problem is largely influenced, however, by local 
conditions and the size of the motor, or motors, involved. 


INFLUENCE OF VARIATION AND UNBALANCING OF FREQUENCIES, 
VOLTAGES AND PHASES 


Standard motors are usually guaranteed by the manufacturer 
to operate satisfactorily on lines which vary a certain percentage 
in voltage and frequency from the nameplate stamping. The 
variation covered by this guarantee takes care of the variations 
ordinarily found in the power delivered to the motor. 

There are, however, certain changes in motor characteristics 
which occur, due to changes in frequency and voltage. If the 
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motor is properly laid out, that is, laid out so that it operates 
at best efficiency under normal conditions of voltage and fre- 
quency, when there is a change from these normal conditions 
there will be a loss in efficiency, unless there 1s a corresponding 
change in the other variable to restore original values. 

For instance, a drop in frequency means increased density of 
field, with lowered efficiency and increased heating. If, however, 
there is a corresponding drop in voltage, the motor will operate 
under normal density but with a decrease in output proportioned 
to the decrease in speed which follows the frequency. 

An illustration of this 1s the satisfactory application of, say, 
220 volt, 60 cycle motor to 200 volt, 50 cycle lines with 90 per 
cent rating. 

The ordinary slight unbalancing of voltages across phases has 
little effect on the operation of the motor. This unbalancing 
at the most is but a few per cent and although it may result in 
slightly excess current through one phase of the motor winding, 
any additional heating would be properly distributed and taken 
care of by the motor. "There would be some loss in efficiency, 
but this would be slight. 

SUMMARY 


Motors of standard voltage, frequency and phase should be 
selected. They should be of moderate voltage and of moderate 
frequency.  Polyphase motors should ordinarily be used but, 


single phase motors are preferable in certain cases. Тһгее-рһаѕе , 


motors have certain advantages over two-phase. 

Due to the liberality in the design of the average American 
motor, ordinary variations of voltage and frequency do not 
seriously affect motor operation or characteristics. 


ALTERNATING VS. DIRECT CURRENT FROM THE STANDPOINT OF 
OF THE SUB-CENTRAL STATION IN CONNECTION WITH SUPPLYING 
POWER TO MANUFACTURING INDUSTRIES 


S. D. Sprong: The first consideration 1$ the demand of the 
largest single customer to be supplied, as this point decides the 
class which may roughly be defined as retail or wholesale; the 
former being within the scope of what is generally called dis- 
tribution and the latter falling into the class of transmission. 
There is another essential difference in this classification besides 
size of demand, which is, that transmission assumes no lighting 
(unless especially provided for) and therefore considerable 
latitude in regulation, whereas distribution is especially for the 
lighting customer and only permissible for the supply of power 
to those customers who keep the characteristics of their apparatus 
and the extent of sudden demand within such limits as to not 
materially affect regulation. 

It is general practise in a-c. distribution to set the limit of 
capacity of one feeder somewhere between 400 and 800 kw., 
which limitation automatically defines the line between the 
largest customer that may be taken on the distribution system 
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and the point where, for larger demands, they must be supplied 
as transmission customers. There are very evident advantages 
in carrying the feeder load limit rather high, but there are also 
numerous disadvantages which, while not so evident are at the 
same time of equal or often greater importance. Some of the 
advantages of large feeder capacity are less unit cost in switch- 
board and regulating equipment; less pole or duct space oc- 
cupied; a higher limit as to the maximum single customer that 
can be supplied, and a somewhat wider diversity factor as 
between classes of power business and therefore regulation. 
Among the disadvantages are the wider area of territory covered 
and, therefore, dependent upon one feeder in case of interruption; 
the longer runs of primary mains from the center of distribution 
which influence regulation because of the impossibility of regu- 
lating primary mains individually; therefore, they must be 
correspondingly large so as to reduce to a very low limit the 
voltage losses at maximum load. The requirements of regulation 
is somewhat dependent on the character of territory served but 
a strong tendency in the industry as a whole is toward closer 
regulation, due partly to the character of services and devices 
supplied from the system, and the growth of the section both 
in extent and character. 

Generally speaking, it is desirable to limit the size of the maxi- 
mum of a single customer on a feeder to 50 per cent of the feeder 
load. While this 1s an arbitrary figure and therefore there must 
. be exceptions, it is a convenient one in practise principally 
because customers of the larger capacities sometimes require 
reserve service from another feeder; consequently if the indi- 
vidual demand much exceeds half the feeder capacity and it 1s 
found necessary to throw it on a reserve feeder which is already 
carrying probably three quarter load, it would be incapable of 
carrying a larger percentage of extra demand than that given. 
One of the exceptions to this rule, applied where it 1s impracticable 
to give direct transmission service, 1s to run a number of duplicate 
feeders of standard size to the particular customer. Standard 
equipment is used and at the same time insuring continuity of 
service to nearly full capacity because of the multiple feeders. 

Considering briefly some of the principal systems of primary 
а-с. distribution that are in general use; there are the three wire 
two phase, the four wire two phase, the three wire three phase 
and the four wire three phase. With the exception of the three 
wire three phase which has special difficulties in independent 
phase regulation and 1$ nearlv obsolete, the other three svstems 
have demonstrated their practicability and are in widegeneraluse. 

Where conditions, due either to radical changes to be made 
in the method of distribution or the development of new districts, 
permit of free choice of systems, it would seem that for a given 
potential between lines, the four wire two phase should give all- 
around satisfaction. It has the advantage of simplicity, com- 
plete independence of its phases and therefore no difficulty in 
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independent phase regulation, greater facility for keeping phase 
balance as there are but two phases to be considered, and par- 
ticularly in large lighting installations the load needs to be 
divided into but two parts. The three wire two phase system 
is essentially a single phase system so far as the lighting load 1$ 
concerned. In the case of the four wire three phase there is the 
problem of maintaining approximate division of load between 
the three phases which in large lighting installations is more 
difficult, and the further objection that the integrity of three 
otherwise independent single phases are all dependent on one 
(the center) conductor. 

In a few systems, it is general practise to install independent 
lighting and power transformers; this custom having probably 
developed from the difficulty of controlling either the size, due 
to the limitations of what the manufacturers offered, or, charac- 
teristics of the motors, especially for elevators. While this 
arrangement has certain advantages such as permitting a wider 
latitude in the requirements in motor specifications and other 
power consuming devices, it is on the whole questionable whether 
it is justified. It 15 speaking relatively, just as important to have 
as high a load factor on the distributing transformers as on any 
other part of the system. With combined light and power loads | 
the average transformer load factor probably is not better than 
12 per cent to 15 per cent, therefore, it will be seen how important 
it is that nothing be done to still further reduce this figure which 
will be the result where lighting and power loads are carried on 
independent transformers. It scems much better general 
practise to keep both kinds of load on the same secondary sys- 
tem, making the latter a heavy network where practicable and 
so limiting the size and character of motor installations as to not 
seriously interfere with regulation. In most systems there 1s 
a large field for improvement along the lines just referred to, 
that of increasing the load factor on transformers and at the same 
time the general service conditions of reyulation, continuity, etc., 
by the substitution of fewer and larger transformers inter- 
connected bv heavy network and protected in turn against 
general shutdown due to transformer failures by suitable devices. 

Considering the problems of supply of power from the trans- 
mission svstem, these are generally of a more or less special 
character and therefore no particular set of conditions can be 
taken as typical. One consideration usually applies to all, and 
that is, not to lead the customer to expect, nor permit him to 
so design his own installation as to require retail regulation 
from a wholesale service. This class of customer does not al- 
ways appreciate that there is such a distinction between a large 
and small service, and its lack of consideration at the time the 
contract is negotiated may some time later bring up troublesome 
problems of voltage or speed regulation. 

_ On the problem of supplying power from a d-c. system, there 
is not so much to be said nor so many debatable questions to be 
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considered. It may be assumed that where a new territory is 
expected to develop a relatively scattered industrial load a 
d-c. system would not be selected also that where certain dis- 
tricts in an already built up territory develop heavy industrial 
demands, a second system especially for miscellaneous power 
distribution would not be installed. For it is safe to say that 
any district which orginally justified an underground d-c. system 
would have been of such a promising character financially that 
the unexpected development of unusual industrial demands could 
readily be met by additions to the existing equipment. Experi- 
ence in the d-c. areas of the larger cities have fully demonstrated 
that any demands within their territory can be properly met 
from the direct current system, with the occasional exception 
of special processes or the unusual demands. that far exceed the 
practical limits of either the d-c. or a-c. distribution systems, 
and which naturally fall into the class of transmission customers. 

From an engineering point of view, there is practically no 
limit to the amount of power that can be commercially taken 
care of by the d-c. system; but as a practical matter, the questions 
of unusual demand generally answer themselves by the instal- 
lation of a local substation on the property where the require- 
. ments exceed 1000 to 2000 kw. A customer requiring such large 
power supply for industrial purposes is at the same time provided 
with an engineering force that can properly care for and operate 
the necessary substation equipment, thus avoiding the con- 
gestion of subways in the vicinity of the property which would 
result from taking so much power at the usual three wire distribu- 
tion voltage. 

To sum up, it appears that a broad analysis of the particular 
problem to be met will evolve its own general answer, but still 
with sufficient latitude as to require the application of sound 
judgment and the knowledge gathered from actual experience. 


THe Factors INVOLVED IN MOTOR APPLICATION FROM THE 
STANDPOINT OF CENTRAL STATION COMPANIES 


В. M. Wilson: The chief factors in which the central sta- 
tion companies are directly interested in supplying service to 
motors are as follows 

Starting current and starting conditions, 

Power factor of the load, 

Fluctuations of load, 

Size of units, 

Starting devices, 

Type and voltage of motor, and 

Hours of service. 

It 1s necessary to limit the starting current taken by motors 
as protection to the station equipment and to the service of 
other customers supplied from the same circuit. Where the 
starting current is excessive it follows that service of other 
customers on the line will be seriously affected, which, besides 
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causing a good deal of trouble, in the way of fuses blowing out, 
strain on transformer, etc., necessarily means that continual 
complaints will be received from customers, due to annoyance 
and interference with their business owing to frequent stopping 
of their motors caused by heavy drop on the line. Conditions 
of this kind would naturally be a bad advertisement for a central 
station company and very often might lead to the losing of a 
considerable amount of good business by customers so affected. 
The demand on central station oil circuit breakers and other 
equipment is of course seriously affected in the case of troubles 
due to heavy starting current of more or less large power users. 

Coupled with the starting current can also be included the 
class of service, that is to say, whether the load 1s a fluctuating 
one or a fairly steady one. Motors which are starting and 
stopping frequently and motors having a fluctuating load are 
undesirable from the point of view that excessive amount of in- 
vestment in lines and transformer capacity are required to 
minimize conditions of this kind, and to protect, as far as pos- 
sible, the service of other customers supplied from the same 
mains. The above conditions are more pronounced, and there- 
fore more serious, the larger the units. 

The question of power factor is of importance in connection 
with the drop and line losses and relatively higher capital ex- 
penditure if the power factor 1s low. 

Where a system comprises a large percentage of power busi- 
ness with low power factor, due to unrestricted conditions of 
the customers equipment in this respect, it even becomes neces- 
sary to install synchronous converters to raise the power factor 
of the system as a whole. 

Motors of the squirrel cage type give a lot of trouble to 
central station companies, due to the relatively high starting 
current taken, particularly if the units be large. Wire wound 
rotors are very much more preferable in motors of more or less 
large capacity from central station point of view. 

The size of units is of importance, inasmuch as the question 
of capital investment to supply service to them 1$ of course 
involved. Where motors exceed a certain size, and depending 
on their relative location to the nearest substation, it becomes 
necessary to provide special circuits for the sole supply of such 
service. The size of the units prohibits the load being taken 
on the nearest available feeders. The benefit of diversity factor 
of load which 15 obtained where feeders supply a number of cus- 
tomers with relatively small size motors 1s less in such cases. 
The capital investment then has to be all charged against that 
particular service which it supplies. The question of voltage 
of the supply feeder has to be considered in these cases, and the 
economical point of the line investment 1$ the governing feature 
as to whether such service is to be supplied at the usual distri- 
bution voltage of 2200; or higher voltages, usually not exceed- 
ing 13,000 volts. There areexceptions, of course, in the case of 
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very large blocks of power which are sometimes tapped directly 
off high-tension transmission lines when available. It is in- 
advisable on general principles to go beyond the 2200 volt limit 
in city distribution, unless the expense of this voltage would 
be absolutely prohibitive. In outlying territory and suburban 
districts where the amount of load to be provided for involves 
special provision, it is usually more economical to supply at 
13,000 volts. 

The question of the voltage of motors, themselves, is largely 
governed by the size of the units. On some systems the stand- 
ard voltage for polyphase motors is 550 volts. For units of 100 
h.p. and over it is found more economical to endeavor to have 
the motors wound for 2200 volts. Where the number and size 
of transformers required for a motor load are such that their 
installation on poles is difficult, a fireproof transformer house 
with oil circuit breakers and disconnecting switches mounted 
on marble panels becomes necessary. This is an item of ex- 
pense which has to be considered in contract price for the supply 
of power. 

Another feature in the question of rates for power in more or 
less large blocks, particularly where the service is of consider- 
able importance, is that of having a standby service available 
so that two sources of supply are provided from two separate 
circuits. Where the load warrants this and where the expense 
is not prohibitive it is a good policy to adopt such service, inas- 
much as the continuity of service to a large installation of this 
nature is not only imperative to the customers and to the ful- 
fillment of the contract, but is probably the best advertisement 
that a central station company could have. Where service is 
supplied from high tension lines, that is to say from 5000 volts 
upwards, a double service of this nature is practically imperative, 
inasmuch as the necessity for line repairs and other work to be 
carried out necessitates the shutting down of a line. Thisis 
dificult of accomplishment without two services, as it is en- 
tirely likely that it cannot be arranged to interrupt the service 
of large power customers for sufficient length of time to carry- 
out the work. 

In supply of large blocks of power it is usual to endeavor to 
supply some on a limited service basis. That is to say that 
the whole or a certain percentage of the load will be off during 
peak load period, say from 4.30 to 6 p.m. during the period from 
Nov. 15th to March Ist. The advantages of special circuits 
to installations served on limited service basis on more or less 
large blocks of power are obvious as a check on the fulfillment 
of contract conditions in this respect. 

Considerable trouble has been experienced with motors oper- 
ating а certain class of service, for example, motors operating 
refrigerating machines, air compressors, pumping with auto- 
matic starting devices, etc. 

In two instances where motors were driving refrigerating 
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machines, a serious disturbance occurred on the system from 
pulsating, causing the lights to flicker. It was found that this 
flickering took place more particularly on a certain step of the 
controller. Ultimately it was necessary to provide additional 
special resistances to overcome the difficulty. The apparent 
cause of the rapid fluctuation noticeable on the lights supplied 
from the same feeder circuit was difficult to determine, but 
seemingly was due to something peculiar to this type of appa- 
ratus. The effect was as if the motor tended to reverse at cer- 
tain periods of the stroke of the compressor or refrigerator ma- 
chine. 

Difficulties experienced with motors driving automatic pumps 
are frequently met with, particularly where the motors are 
of fairly large size, and, of course, the resultant effect on the 
distribution system is intensified the longer the feeder circuit. 
Even by greatly increasing the capacity of the line at consider- 
able expense it is often found difficult, in fact practically im- 
possible, to overcome disturbing effect caused by service of this 
kind. 

Where a large amount of power service is supplied from an 
extensive overhead system, which is perhaps feeding from 
several generating stations, and particularly where distribution 
circuits are subject to transfer from one source of supply to an- 
other in the course of load despatching; it is most advisable to 
endeavor to have customers' motors equipped with no voltage 
and overload releases. Otherwise the blowing of fuses, and 
sometimes the burning out of the customers' motors, is a 
frequent occurrence. 

It is most advisable to insist on having starting compensators 
on all motors of 5 h.p. and larger. 

It is not advisable to have single-phase motors connected 
to the lighting circuits in larger sizes than 5 h.p. It is not ad- 
visable on account of the capital expenditure involved in the 
furnishing of transformers, etc., to contract for supplying poly- 
phase motors less than 5 Һ.р. 

It is difficult to insist оп and obtain all the conditions 
that one would like from the central station point of view when 
contracting for supply of power to customer. This 1$ particu- 
larly the case where there is competition for such service, yet 
it is essential for successful operation that central station com- 
panies should insist on certain conditions being observed. It is 
advisable where competition is to be met that for their own 
protection, central station companies supplying service in the 
same locality arrive at an understanding of these conditions 
between themselves, and insist on them when securing power 
business. 

It is advisable that the special conditions, features and regu- 
lations which central station companies desire be embodied in 
the contract made with the power user and be specifically covered 
by clauses of such contract. 
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Clauses in contracts for power should cover power factor which 
the company desires; the starting current of the motors; the 
conditions of operation, as affecting the company’s system, both 
as to the frequent starting and stopping of motors and fluctuation 
of load; the voltage of motors, depending on the size; the type 
of motor, whether squirrel-cage or wire-wound, depending on 
size; the provision for transformer house to be built by the 
customer where such is needed, and the protective devices, 
Starting devices, relays, etc., which may be deemed advisable. 

The power factor of individual motors or the power factor 
of the aggregate load should never fall below 80 per cent and on 
larger units should be higher in proportion, commonly reaching 
92 per cent. 

Where the power factor falls below that specified in the con- 
Rien power should be charged for pro rata on a power factor 

asis. 

The starting current of the motor should be limited to 2% 
times full load current of the motor. Motors of 100 h.p. and 
over should be of the wound rotor type and should operate at 
2200 volts. | 

Services from which disturbance оп the system тау be 
expected, such as automatic pumps, air compressors, refrigerators, 
rolling mills, cranes, etc., should be covered by special clauses, 
so as to limit the disturbance, and to call for special devices or 
method of operation to ensure this end. It is preferable to lose 
the business rather than to contract for a service that will in- 
troduce a disturbance on the system, which will make the service 
to other customers unsatisfactory and from which continued 
complaints might be expected. 
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DISCUSSION ON “ THE CHARACTERISTICS OF ELECTRIC MOTORS 
INVOLVED IN THEIR APPLICATION " (RUSHMORE), NEW 
YorK, FEBRUARY 17, 1915. (SEE PROCEEDINGS FOR 
FEBRUARY, 1915). 


(Subject to final revision for the Transactions.) 
THE DinEcT CURRENT Мотов ім INDUSTRIAL APPLICATIONS 


А. С. Lanier: In the field of industrial motor applications, 
the direct current motor has been an important factor. The 
inception of the induction motor together with the extension 
of the alternating current svstems of power generation and dis- 
tribution seemingly menaced at one time the position of the 
direct current motor and has limited somewhat its extension 
in the industrial field. Competition from this source, however, 
has tended rather to define sharply the peculiar characteristicsand 
advantages of each motor or system and to direct the growth 
of each along the most effective lines. In this selective growth, 
the extreme flexibility of the direct current motor and its wide 
range of operating characteristics has offset to an extent the 
advantages of simplicity, lower first cost, and lighter weight of 
the induction motor and the considerable advantage in economy 
and flexibility of the distributing system of which it forms a part. 

In industrial motor applications, there is a desired result to 
be obtained from the equipment as a whole, the useful output 
of the tool or appliance, in terms of which its effectiveness is 
measured. In many cases, this output requirement varies 
widely for a given appliance, and often is not definitely de- 
terminable. In addition also to the useful work or output of 
the tool, energy is consumed in friction losses of the trans- 
mission and tool, in accelerating and decelerating the masses 
of the equipment and the motor, in addition to the ordinary 
operating losses in the motor itself. 

In any adequate consideration of direct current motors in 
industrial work, attention must be directed both to the charac- 
teristics of the motor, апа to load requirements of the more 
important applications in which such motors are used. 

Among the more important characteristics and limitations 
of the direct current motor must be considered the speed- 
torque-output relations, commutation, inertia or speed-time, 
stability, heating and ventilation, efficiency and losses, and 
constructive features. 

Load characteristics met with in industrial applications may 
be given a general grouping as follows: 


(1) Constant Non Reversing Continuous Constant speed 
„output Reversing Adjustable : 
(2) Varying Non Reversing Continuous Constant speed 
output Reversing Intermittent Varying “ 
Adjustable “ 
(3) Constant Non Reversing Continuous Speed constant 
Torque Reversing Intermittent With armature 
control 


Adjustable speed 
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Speed-Torque Characteristics: With respect to the relation of 
speed and torque to output, motors are grouped into four 
classes: constant-speed, multi-speed, adjustable speed, and 
varying speed. 

The constant speed motor is one in which the speed varies 
only slightly or not at all with change in load. The shunt 
wound motor represents this type among direct current ma- 
chines. Its speed curve droops slightly with increase in load 
as indicated in curve A, Fig. 1; torque values increase a little 
more than directly as the output, curve A’, Fig. 1. Ashunt- 
wound motor through its relatively flat speed curve and pro- 
portional torque output relation finds use in applications not 
subject to widely varying torque demands, and where change 
in load should be accompanied by negligible change in speed. 


Speed and Torque Curves | 
— | А- Shunt Wound Motor 

B- Compound Wound Motor 

- C- Series Wound Motor —[———— 
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Line shaft and group drive, centrifugal pumps, and numerous 
other similar applications make such demands. 

The multi-speed motor is one which may be operated at 
several distinct speeds, the speeds being indepéndent of the 
load. Such results could be obtained from a motor with double 
armature winding, from which as many as three distinct speeds 
may be secured. 

The adjustable speed motor is one “іп which the speed can 
be very gradually adjusted over considerable range, but when 
once adjusted remains practically unaffected by the load." 
Its speed characteristic is that of the shunt-wound motor at 
any adjustment (Fig. 2, curve А for low speed, A' for high 
speed). The method of speed adjustment most frequently 
resorted to is that of varying the m. m. f. of the main field wind- 
ing by the use of a rheostat connected in series with the wind- 
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ing. The other method is that of varving the reluctance of 
the main flux path. This may be accomplished by an increase 
in the effective air gap through the use of adjustable plungers 
in the main pole, these plungers acting as cores to the main 
pole and moving along its axis. Another method of varying 
the reluctance of the main flux path is by axial displacement 
of the arinature from its central magnetic plane. 

The adjustable speed motor is a development of the con- 
stant speed shunt-wound motor in response to demands largely 
in the machine tool industry. This motor was made prac- 
ticable, for speed ranges at present used, through the develop- 
ment of the commutating pole. Speed ranges as high as 4 
to 1 are readily obtainable. The range of application of these 
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motors has extended widely, not only for general machine tool 
work but in many definite cvcle operations, for example the 
’ reversing planer drive, and many drives with constant or some 
definite torque-speed characteristic. Slight compounding is 
often given to a motor designed for speed adjustment at its 
high speed where the torque characteristic of the compound 
motor is required in the application. 

“Varying speed ” covers a class of motors “іп which the 
speed varies with the load, ordinarily decreasing when the load 
increases, such as series motors, compound-wound motors, and 
series-shunt motors." The compound-wound motor has a speed 
curve more strongly drooping than that of the shunt motor, 
its speed regulation usually amounting to approximately 15 
to25 per cent. In consequence, its torque curve rises somewhat 
more rapidly with output than in the shunt motor (curves B 
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and В’, Fig. 1). Its chief use is in service which permits some 
speed variation with load and where considerable load fluctua- 
tion makes the increasing torque characteristic of the compound 
motor desirable. In many cases this change in speed with 
load is definitely sought so that the energy in the moving masses, 
frequently including a flywheel, may serve to limit the load 
peaks on the motor. Punches,. presses and shears fall prom- 
inently in the class of applications requiring a compound-wound 
motor. | 

In the series-wound motor, the main field winding 1$ соп- 
nected in series with the armature; the armature flux varies, 
depending upon the degree of magnetic saturation, more or less 
directly with the armature current, resulting in a marked rise 
in torque with increase in output and a strongly drooping speed 
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curve (curve С’ and C, Fig. 1). Intheseries-shunt motor, the 
larger part of the main field m.m.f. is obtained from the series 
winding. In general, its speed and torque curves are similar 
to those of the series motor though somewhat less marked. 
The no-load speed of the series-shunt motor will exceed its 
rated full load speed by approximately 60 to 100 per cent. 
(Curves B, B, Fig. 3). 

Series and series-shunt motors are particularly suited for 
heavy peak load service, especially where frequefit reversal 
with rapid acceleration and retardation are required. The series 
motor is in general preferred where reduction in load is not 
sufficient to cause dangerous overspeed and where retardation 
by plugging is used. If overspeed is possible the series-shunt 
motor is commonly used and it is also preferable where re- 
tardation is secured through dynamic braking. Motors having 
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such characteristics are used in driving roll tables, screw-downs 
and small rolls in mill work, for bridge, hoist and trolley mo- 
tions in crane service, and in numerous applications of a similar 
nature. 

Commutation: Commutation was until a comparatively 
recent period the great limitation to successful operation of 
the direct current motor. It is still an important and at times 
difficult problem on account of the increased severity of duty 
cycle frequently required, and it constitutes one of the opera- 
ting limits of the direct current motor. With reference tothe 
design for commutation, motors may be grouped into three 
general classes; the non-commutating pole, the commutating 
pole, and the compensated motor; an important sub-class of 
the latter is the compensated commutating pole machine. 

The non-commutating pole motor: The reversal of current 
in the armature coils of a direct current motor during the period 
of short circuit by the brushes, results in a voltage being induced 
in these coils by the cutting of the coils through the resultant 
flux in the commutating zone. This short-circuit voltage is 
impressed upon a circuit consisting of the coils, the two contact 
surfaces between carbon brush and commutator, the carbons, 
and sometimes inter-connecting leads. The resistance of this 
circuit determines the circulating current which a given voltage 
can force through it, and in general the permissible uncompen- 
sated short-circuit voltage. Satisfactory commutation, de- 
mands, therefore, a limitation of this short-circuit voltage, suffi- 
ciently high resistance in the circuit of the commutated coils and 
where feasible, a magnetic flux in opposition to those generating 
the short-circuit voltage to aid in current reversal. Tendencies 
in design of non-commutating pole motors have been in general 
toward shallow broad slots, shortened armature core lengths, small 
number of turns per coil and per armature, a high ratio of field 
ampere-turns for air gap and teeth to the armature distorting 
ampere-turns, a relatively flat neutral, and carbon brushes of 
adequate contact resistance and suitable mechanical characteris- 
tics. In non-reversing motors, the shift of the commutating 
coils into the fringe flux from the main pole may assure ap- 
proximately correct average compensation for one load, the posi- 
tion of brushes remaining fixed; for lighter loads over-compensa- 
tion results and for heavier loads under-compensation. This 
is suggested graphically in Fig. 4, curve A represents the aver- 
age flux density required for flat compensation with straight 
line rate of change of current assumed. Curve B suggests the 
average density of the fringe flux from the main pole in the com- 
mutating zone. Approximately correct average value of the 
flux is obtained at one point only, as X; beyond certain loads, as 
Y, the resulting flux reverses and assists the sparking tendency. 
If the speed is increased by field weakening a condition is ap- 
proached as suggested by curves A!, ВІ, where helpful com- 
mutating flux disappears at the much reduced load as at Y!. 
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The distribution of this flux over the commutating zone for any 
load may differ considerably from values which would be ideal 
for the shape of instantaneous short-circuit voltages in the coils 
undergoing commutation. Aside from the embarrassment to 
certain other characteristics which will be pointed out later, the 
non-commutating pole motor has rather restricted load speed 
range; also the load speed range for a given motor will have nar- 
rower limits in reversing service with neutral setting of brushes 
than in non-reversing service where brush shift is possible. 

The Commutating Pole Motor. Inthe commutating pole motor 
the commutation problem is attacked more directly. The 
conditions conducive to sparking, as outlined in the discussion 
above, exist potentially in the commutating pole motor; the 
action of the commutating pole flux prevents this tendency from 
becoming active. The speed torque producing functions of the 
commutating pole motor and the means for securing sparkless 
current reversal are considered separately, each upon the basis 
of its particular demand upon the design. The main propor- 
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tions of the armature and the field system can be laid out and such 
distribution of active material made as will secure the most 
effective results in the matter of speed-torque, efficiency, ventila- 
tion, moment inertia and economy of design without the com- 
promises necessary in the non-commutating pole machine. The 
commutating pole motor provides small magnetic poles, through 
which a magnetic flux of approximately the desired value and 
distribution, may be maintained over the commutating zone. 
The magnetizing winding for this pole is connected in series with 
the armature; its m.m.f. is therefore proportional to that of the 
armature circuit to which it is opposed; it exceeds the latter, 
however, by an amount necessary to drive the required com- 
mutating flux through the reluctance of its magnetic circuit 
(Fig. 5,connections.) By establishing at the point of commuta- 
tion a magnetic field closely proportioned over a wide range to 
the current commutated and in value such as togive approxi- 
mately straight line reversal of current under the brush, the 
tendency toward sparking is, in theory, eliminated. The num- 
ber of commutating poles used may either be equal to or one-half 
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that of main poles(connections for commutating poles one-half the 
number of main poles—Fig. 6). If one-half as many commutating 
as main poles are used, only one side of the armature coil is cutting 
the commutating flux at a time. Hence each commutating pole 
must provide sufficient flux for annulling the effects of the short- 
circuit voltages in the entire coil. The m.m f. of only that por- 
tion of the armature circuit immediately opposed to the commu- 
tating pole need be neutralized, however, so that the reduction 
in the number of commutating poles effects a saving in copper, 
a corresponding reduction in losses, and an open, more readily 
ventilated, field structure. 

The commutating flux, except in the commutating pole and 
the gap and tooth section under it, follows paths which are com- 
mon also to the main pole flux. The distribution of the result- 
ant flux in the magnetic circuit responds to the m.m.fs. of both 
main and commutating pole windings. The peripheral dimen- 
sion of the pole should be equal approximately to the width of 


the commutating zone; the axial dimension is made equal to or 
less than the armature core length. Where the same number 
of main and commutating poles is used the commutating pole 
length is usually less than the armature core length. In the cal- 
culation of the commutating pole circuit and winding, the aver- 
age short-circuit volts per armature coil may be determined on 
the assumption of a straight line current reversal under the brush; 
the density of the commutating flux entering the armature may 
then be made of such value that there will be generated in that 
part of the coil cutting by rotation this flux an e.m.f. equal and 
opposed to the average short-circuit volts. In determining the 
section of the commutating pole, consideration must be given to 
the influence of magnetic leakage and saturation as affecting the 
range of approximately flat compensation.* These effects are 
suggested in Fig. 7, where values of flux density are plotted as 
ordinates and current entering the armature and the commutat- 
ing pole winding as abscissas. Curve А represents the useful 


*Stokes: “ Commutating Poles", TRANSACTIONS A. I. E. E., 1913. 
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commutating flux entering the armature, B the flux entering 
the commutating pole at the yoke and C the useful flux in the 
armature for level compensation as determined by the average 
reactance volts. As indicated the useful flux reaches a maxi- 
mum at some load as at X beyond which it decreases, finally 
reversing at Y. The commutating range is limited to a value 
of current as at Z beyond which the uncompensated voltage will 
cause objectionable sparking. А careful consideration of the 
relative permeance of leakage and useful flux paths, of the m.m.fs. 
impressed upon each, and of the degree of magnetic saturation 
of the iron in the circuit of the commutating pole flux is neces- 
sary in order ta limit the amount of departure from direct pro- 
portionality of useful commutating flux to armature current with- 
in such values as will assure sparkless commutation over the 
desired load range of the motor. Obviously, the approximate 
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proportionality between commutating flux and armature cur- 
rent can be secured over a wider load range, 1п general, in motors 
with small number of poles, than in those having many poles. 
Due to the great variety of armature windings used, the aver- 
age short-circuit voltage may differ considerably from instan- 
taneous short-circuit values in a coil; the pole face can be shaped 
so as to give approximately the distribution desired but some un- 
balancing of voltage will necessarily exist. These unbalanced 
voltages bear some relation to the average short-circuit volts 
per coil and per brush, and to the abruptness of change in instan- 
taneous values of the short-circuit volts in a coil as it moves 
through the commutating zone. The relation between average 
and instantaneous values of short-circuit voltage per coil using 
the usual assumptions 1s indicated in Fig. 8*; e, = average short- 


*Brunt: " Auxiliary Pole Design.” Electrical Review and Western Elec- 


trician, 1911. 
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circuit volts per coil, е„ = max. short-circuit volts, e’ = the 
value of volts in a single coil unaffected by mutual induction of 
other coils,and b, the width of the commutating zone. The 
voltage steps, e’, here indicated are relatively small, and fairly 
regular. In some armature windings the changes in instanta- 
neous value of volts may be larger, and may produce troublesome 
circulating currents. Experience indicates working limits for 
these quantities mentioned above, which are serviceable in con- 
nection with other factors in predetermining commutation. The 
volume of current circulating in the commutated coils or carried 
in an arc as the coils leave the brush is a measure of the damage 
done to, the commutator and carbons; the current capacity of 
the motor is, therefore, a factor in determining permissible com- 
mutating constants. 

Failure to.attain complete compensation for the short-circuit 
volts, comes through the practical impossibility of securing such 
flux distribution over the commutating zone as will annul the 
instantaneous short circuit volts in each coil, and through 
the departure from direct proportionality between the aver- 
age commutating flux density and the armature current 


—— beyond limiting values of the 
er MON ^" 


latter, due to the influence of 


magnetic leakage and magnetic 
saturation in the circuit of the 


"T ML ЧИНЕ commutating pole flux. Extent of 
Же” —7. departure from exact compensation 
Rie. 8 is a more or less direct measure of 


the imperfection of commutation, 
and sets limits to permissible peak load currents. 

Under conditions of rapid and wide load change, as in dynamic 
braking, plugging, regeneration, and, in less degree, acceleration, 
another source of inadequate compensation may be introduced. 
Eddy currents set up in the body of magnetic material in the 
circuit of the commutating flux may cause an appreciable lag 
of this flux behind the current in the armature and commutating 
pole field under very high rate of current change. Both rate and 
range of current change are of importance. The permissible 
suddenly applied peak current, under above conditions, would 
be smaller than when gradually applied; in general, approxi- 
mately the same value of uncompensated short-circuit voltage 
would fix the allowable peak current in each case. The commuta- 
ting flux lag can be eliminated, practically, by laminating those 
parts of its magnetic circuit which materially affect its reponse 
to change in m.m.f., 7. e., the commutating pole cores. 

With motors which work over considerable speed range as 
adjustable and varying speed motors, it is obvious from the 
foregoing that the speed at which the sudden load change or 
load reversal, as in plugging or dynamic braking, takes place, is 
an important factor. The shape of the current curve as well 
as its instantaneous peak value is of some importance, since 
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the possible damage from circulating currents or spark is a func- 
tion of its time of duration. 

Quickness of response is not always a necessary or even desir- 
able characteristic in the magnetic circuit of the commutating 
pole. With approximately constant or moderately varying loads 
as found in a large proportion of industrial applications, the lag 
in the average value of flux behind current is not appreciable, 
and a certain amount of sluggishness in the commutating pole 
aids materially in smoothing out the irregularities in compen- 
sation for the wide range of short-circuit voltage conditions 
necessarily introduced in commercial machines, through the great 
variety of armature windings used. 

Harmful effects may occur outside of the commutating zone, 
due to high voltage between commutator bars. This condition 
exists only in high voltage machines, and at high speed in some 
adjustable speed motors subject to wideload speed range. The 
instantaneous voltage generated in any armature coil is propor- 
tioned to the flux density through which it is passing and the 
speed of cutting this flux. The distortion of flux beneath the 
main pole, causes a rise in voltage between bars toward the 
saturated pole tip; this effect is naturally most marked in adjust- 
able speed motors at high speed. The value of this instantaneous 
voltage may be high enough +o cause arcing currents to bridge 
over the insulation between bars, particularly when small 
particles of conducting material stick to the commutator. The 
breadth of the zone affected by this high voltage is dependent 
upon the shape of the flux curve; it is wider and therefore of 
more serious consequence the more nearly flat this curve becomes. 
Limiting values of voltage between bars are reached more fre- 
quently, however, in field forms of sharply distorted character. : 
This bar to bar arcing results usually in burning and pitting of 
the commutator; the seriousness of the effect depends largely 
upon the maximum voltage per bar, the extent of the affected 
zone, and the current capacity of the machine. Excessive volt- 
age between bars makes a motor extremely sensitive to arcing 
over between brushes of opposite polarity. 

The Compensated Motor. In the compensated machine, a 
distributed field winding is provided, so connected in series with 
the armature that its m.m.f. opposes that of the latter and equals 
or exceeds it in value. In the latter case, an active flux for com- 
mutation may be secured. In the compensated commutating 
pole machine, the compensating winding covers only that part 
of the armature periphery included within the main pole arc, 
commutating poles supplving the flux required for commuta- 
tion. The prevention of field distortion under the main poles 
has made a field for this type of machine in high voltage work, 
particularly where subject to sudden and extreme overloads. 
The use of distributed compensating windings in direct current 
motors has been limited almost entirely to large high-voltage 
machines in heavy reversing service. 
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Inertia and Speed-Time Relations: The energy in ft-lb. stored 
in a moving mass is equal to 


112 т v? (1) 
which may be expressed in the case of rotating bodies 
1/2 m r w? (2) 


Since the mass m of the rotating body bears a fairly definite 
relation to the armature volume the stored energy is proportional 


to 
Di L w (3) 


The torque and time of acceleration, also derived from the 
fundamental relation 


F=ma (4) 
T = тп 4% - (B) 
рати © (6) 


In equations (6) and (6), the right-hand member is again propor- 
tional to D*L. 

In any consistent line of motors, a fairly definite relation exists 
between the volume of the armature per unit torque and the 
torque. The curve expressing this relation is a drooping one 
with respect to increasing torque and convex to the axis of tor- 
que. Fora given value of D?L the relation between the values of 


А D . . | 
D*L and the ratio -7 15 of interest; for instance, the value of 


D*L, where 2- equals 3, is 2 times as great as that where 2 


equals 1. The practical constancy of the relation D?L for wide 


D. i . 
range of values —— is more nearly approached in larger machines 


L 
and those for short time ratings. It isalsoof interest to note that 


; D? TR : 
although the relations x decreases with increase in torque, 


ГА 
the value of E 
T 
must be given to these factors in large than in small machines, 
particularly since in general the importance of securing speed and 
economy is more insistent in large than in small drives. 


wil increase appreciably. More attention 
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In many cyclic applications calling for frequent reversal of 
rotation, the stored energy in the rotating armature forms a 
considerable proportion of that in the whole equipment, and 
exerts often a determining influence on the time and torque re- 
quired for acceleration and deceleration; in consequence, it affects 
materially the commutation and heating of the motor. For 
example, considering two armatures with the same normal torque 
rating and speed, one of which has twice the value D*L as the 
other, the time of acceleration of the one motor would be twice 
that of the other, same average accelerating torque assumed; 
the heat to be dissipated assuming equal losses would be doubled 
also and the period of severe commutating strain prolonged in 
the same proportion. Should it be required to accelerate the 
two armatures in the same time the torque in the high inertia 
armature would have to be double that required for the other, 
the commutation difficulties may be considerably more than 
doubled and the heat to be absorbed or dissipated approximately 
four times as great. 

During the acceleration period the motor has to supply tor- 
que for friction and active load in addition to that required for 
accelerating moving masses. During deceleration the friction 
and active load, if any exists, assist in retarding the moving 
masses. The amount of stored energy in the moving masses is of 
particular importance with regard to commutation where plug- 
ging or dynamic braking is used. This is emphasized where 
rapid deceleration from a relatively high speed is required; the 
maximum retarding torque current peak comes at approxi- 
mately the high speed of the deceleration period, the reversal 
of current is at high rate and the limitations to commutation as 
outlined under that head ‘ате strongly emphasized. Reduction 
in the amount and duration of this peak is important. 

In the foregoing remarks about energy required for accelera- 
tion, only energy input to armature was considered ; the energy 
wasted in accelerating resistances may add appreciably to the 
total drawn from the line and lower the efficiency of the equip- 
ment materially. 

In other cyclic operations, non-reversing with alternate heavy 
and light loads, large inertia is desirable 1n order to limit the 
range of torque exerted and input required by the motor. Fre- 
quently, a fly-wheel is used to provide additional inertia and 
make possible the application of a motor representing more nearly 
the average power requirements of the drive. А motor with 
slightly drooping speed characteristics, usually а compound 
wound machine, is desirable for such conditions. 

In still other applications, as in continuously running drive 
with approximately constant or only moderately varying loads 
the inertia of moving masses is of slight importance. 

Stability: In motors of the shunt type with practically flat 
speed curve and a relatively large amount of inertia of armature, 
sensitiveness to sudden change in load, speed or voltage may at 
times occur. This sensitiveness will be emphasized if the driven 
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machine also has considerable inertia or load characteristics with 
the equivalent of inertia effects. The condition of instability 
is marked by a surging of current and speed, settling with vary- 
ing degrees of sluggishness to a stable condition of speed and tor- 
que required by the output. This surging may become cumula- 
tive in extreme cases. 

The commutating pole motor is rather more susceptible to 
this tendency than the non-commutating machine if the com- 
mutating flux, as is common practise, slightly exceeds that re- 
quired for straight line reversal of current. This is due to the 
demagnetizing effect upon the main poles of the resultant m.m.f. 
of the coils undergoing commutation. Motors with rising speed 
characteristics are particularly sensitive with respect to insta- 
bility, and are usually unsatisfactory unless connected to loads 
having little inertia and having strongly drooping tendencies. 
The danger of instability is naturally more marked in motors 
. having a wide speed range, and relatively low internal resistance. 

A light series field winding, connected in series with the arma- 
ture, whose magnetizing effect is proportional, in general, to 
the tendencies toward field weakening and which will give a con- 
sistently definite drop in speed with increase of output, will 
insure stable operation. Such windings applied to shunt motors 
are called compensating windings. They have the additional 
advantage of reducing somewhat the light load field losses and 
in general improving average efficiency in the average load cycle. 

Heating and Ventilation. The heat generated in the parts of a 
motor by internal losses is an important consideration in the 
design and operation of motors on account of the temperature 
limitations of commercial insulating materials. These losses 
include the 127 losses іп the electric circuits, the effects of hystere- 
sis and eddy currents in the armature and face of pole due to 
cyclic variations of flux, and mechanical friction. Extra load 
losses resulting from flux and current distortion, sometimes 
difficult of accurate estimate, also occur. 

The rise in temperature in different parts of a motor above 
initial values depends upon the heat added to the part, to the 
mass and thermal capacity of that part and to the effectiveness 
of heat dissipation. The dissipation of heat takes place through 
conduction, convection, and radiation. With constant loss and 
unvarying conditions effecting the heat dissipation, the rise in 
temperature starting cold is a logarithmic function of the time, 
following the general form 


~ 


-Cüu-e?) | (T) 


where c — instantaneous temperature in deg. centigrade corres- 
Ponting to the time /, 

C = ultimate temperature. 

T = time in which temperature would rise to C deg. 
if no energy were dissipated. ; 

е = logarithmic base. 
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In curve A, Fig. 9, is shown the relation between temperature 
rise and time in an open motor. The initial rate of temperature 
rise or slope of the curve, is portional to the ratio of heat energy 
added to the machine part 1n question to its heat capacity. The 
rate of heat dissipation 1s not constant but increases with the 
difference between the temperatures of the heated body and of 
the medium to which the heat is transferred. The rate, therefore 
increases with time, a constant temperature being reached when 
the rate of heat transfer equals that at which heat is added. 
Theoretically this condition is reached for? = infinity; practically 
from two to six hours 1s sufficient to bring open motors of in- 
dustrial type to practically constant temperature, the time vary- 
ing with size and with features of design. 
The cooling of the motor follows the law 
— | 


с = Ce (8) 


assuming that the motor is at rest without losses. The cooling 


RISE IN DEGREES CENTIGRADE 


curve as indicated in B, Fig. 9 is much flatter than the heating 
curve for the ordinary open direct-current motor, which depends 
largely upon the fanning action of the rotating armature for the 
convection currents of cooling air. Where cooling air is supplied 
from an external source, the convection constants would be more 
nearly the same when the armature is rotating and when it is at 
rest, and the curve is steeper. 

Factors which enter into thè problem of heat dissipation are 
the resistance to heat flow offered by conducting paths, extent, 
nature and location of radiating surfaces, and the temperature 
and quantity of cooling air which can be brought into effective 
contact with exposed surfaces of heated parts. Practical diff- 
culties and limitations may be suggested as follows. Insulating 
materials which separate the electric circuits from metal conduct- 
ing masses offer high resistance to heat flow. Pockets of heated 
air, due to unfilled spaces in the winding, to the form and location 
of winding or part in which losses occur, and to the configuration 
in general of the motor, produce effects analogous to the opera- 
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tion of parts effected in high temperature air. Rotating bodies 
also carry around with them a film of air which, becoming heated, 
tends to interfere with the adequate supply of low temperature 
air at the heated surface. 

The initial slope of the curve as measured by the angle a, 
in Curve A, Fig. 9, is proportional to the ratio of the rate of loss 
heat generated to the heat capacity; the rate of departure from 
this initial slope is an indication of the effectiveness of heat dissi- 
pation. This is suggested by contrasting the shape of Curve C 
Fig. 9, the time temperature curve of a totally enclosed motor 
with so called fireproof insulation, with that of curve A, for an 
open motor with fibrous insulation. 

Practical limits to operating temperatures are set by the 
character of insulating materials used, т.е. the temperatures at 
which damage or too rapid deterioration of insulating papers, 
fabrics, tapes, inpregnating gums and varnishes will not result. 
In the standardization rules of the American Institute of Elec- 
trical Engineers 95 deg. cent. is considered the maximum safe 
operating temperature for fibrous insulation without impregna- 
tion, called class A, insulation, 105 deg. cent. for impregnated 
fibrous insulation, called Class Да, and 125 deg. cent. for insula- 
tions composed largely of mica, asbestos and similar materials, 
called Class B. With an assumed maximum ambient tempera- 
ture at 40 deg. cent. and an allowance of 15 deg. cent. excess 
of hot spot above surface temperature as measured by ther- 
mometer, permissibletemperaturerisesare 40 deg. cent.forClass А, 
50 deg. cent. for Class А, and 70 deg. cent. for Class В insulation. 
The practice has been common with industrial motors using 
Class А: insulation to give ratings based on continuous operation 
with 40 deg. cent. rise, followed by a 2-hour 25 per cent overload 
with 55 per cent. rise; in some cases where slightly shortened life 
is considered a justifiable risk, ratings based on full load contin- 
uous operation at 55 deg. cent. rise have been given. For Class 
B insulation 75 deg. cent. rise has been much used. 

Motors in which the volume of cooling air is restricted or 
renewal supply is entirely excluded—1.e. semi- or totally enclosed 
machines, are given a lower rating than the corresponding open 
motor or else operate at higher temperatures. In semi-enclosed 
motors, the proportion of air opening to total area of enclosing 
cover, and the distribution of openings are determining factors 
in the reduction in the rate of heat dissipation. In the totally 
enclosed motor, the parts of the machine in which losses occur are 
surrounded by air of relatively high temperature; the external 
surface of the motor has the function of radiating the heat brought 
to it from inside by conduction, convection and radiation, in ad- 
dition to that of mechanical protection. Fig. 10 shows a totally 
enclosed dust proof motor in' which effective increase in radia- 
ting surface is secured through corrugations on the end brackets 
and covers; in constrast an open motor is shown in Fig. 11, where 
reliance is placed upon openness of construction for effective 
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heat dissipation. In enclosed motors, the loss in rating may in 
many instances be offset by artificial ventilation, secured through 
a fan on the rotor shaft with inlet and outlet in motor shell, or 
from a fan located externally. 

Short time ratings have been much used in motors designed 
for certain classes of service, as for instance, one and two hour 
ratings for adjustable speed machine tool motors, one hour 
ratings for varying speed mill motors, and one half hour ratings 
for crane motors. The rating given is such that the motor 
will not exceed safe or specified temperature limits when opera- 
ting at its rated output for the period indicated, the motor 
starting cold. Such ratings are largely nominal in character. 
Though often used in intermittent service, with rest periods 
of sufficiently long duration to allow effective cooling, and 
with work. periods roughly approximating the ratings given, 
they are, in general, of value as indicating the fitness of the 
motor for service requiring varying and frequent peak load, 
and as a basis in applying motors for a known though possibly 
very different character of cycle. | 

Motors are applied frequently on a cycle of duty more or 
less well defined, which repeats itself with some regularity. 
The losses in the motor would, under such conditions vary dur- 
ing the cycle, and the rate of heating or cooling change in con- 
sequence. Starting cold the curve of instantaneous tempera- 
ture values would have an irregularly rising trend, assuming 
under continuous operation a form corresponding to the cyclic 
changes in the thermal conditions of the motor. The curve 
would be made up of elements of the heating and cooling curves 
of the motor. Where the heating effects of load variations do 
not lead to wide changes in temperature during the cycle, t.e., 
the load not varving through excessive range or the time in- 
tervals short, it is reasonable to use as a basis for application 
the average value of the losses during the total working period. 
The motor can then be selected whose temperature rise for 
similar losses will not exceed, during the total time of opera- 
tion, safe temperature limits. 

The usual cyclic operation is not sufficiently well defined 
to admit of accurate predetermination, and irregularities of 
duty under ordinary work conditions are such as to render too 
much refinement unwarranted. For such conditions, particu- 
larly in the case of motors having relatively flat efficiency 
curves, the method of application based on the root mean 
square value of the horse power has proven adequate. This 
effective value of horse power is obtained by multiplying the 
squared horse power for each period by the time during which 
it may be assumed constant, summing these products, and divid- 
ing this summation by the total time of the cycle including the 
rest intervals: the square root of this quotient gives the r.m.s. В.р. 

From a table or curve for each motor in a line, giving 
horse powers for different periods of operation, the values de- 
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termined under thermal conditions simulating those of the 
average duty cycle, a motor suitable for the estimated cycle 
can be selected. 

Efficiency: The losses in electric motors both as to quantity 
and distribution are of importance in their bearing upon ef- 
ficiency and in the relation of efficiency to output. The rela- 
tive proportions of variable losses (the 7?R losses in the series 
path of the machine) and of the constant losses (bearing and 
brush friction, windage, iron losses, and shunt field losses) de- 
termine the shape of the efficiency curve. It should be noted 
here that the so-called constant losses are not all of them con- 
stant; due to distortion in flux and current distribution, addi- 
ional losses occur on load. The difference in the shape of the 
efficiency curve in two machines of approximately the same 
torque and built on the same frame but wound for different 
speeds is indicated in Fig. 12, curves A and B. Curve А is 
the efficiency of a low speed motor with relatively small con- 
stant losses, curve B for a high speed motor where the con- 
stant losses are relatively large: curve A shows naturally higher 
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efficiencies at light loads, curve B at higher loads. Such 
differences in loss distribution are the logical results of design- 
ing a line of machines by frames, each frame representing, 
within average range of speeds for which commercial machines 
are wound, a given torque capacity which can be exerted under 
normal operating conditions, and to satisfy specified limitations 
as to temperature rise. In consequence, the average total flux 
in the magnetic circuit of a frame, differs little for a wide range 
of speed ratings as secured through different armature windings. 

In adjustable speed motors, particularly where wide speed 
range features, the motor efficiency at low speed has the pre- 
dominance of relatively large variable losses emphasized as 
indicated in full line curve В”, Fig. 2. At high speed, the in- 
crease in friction, windage, and iron losses is offset in part by 
the reduction of those in the shunt field, the variable losses, 
under the assumption of constant horse power rating, being ap- 
proximately the same as at low speed, increase slightly where 
there is decrease in efficiency. The curves at low and high speed 
are, therefore, similar in shape, efficiencies for equivalent out- 
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put being, in general, lower at high than at low speed, and the 
differences more marked at partial than at full load. These 
differences are most marked in small motors having wide speed 
range. 

In short time ratings, where variable losses are increased, 
usually to a greater extent than fixed losses, the tendency is 
in general to emphasize relatively high ‘light load efficiencies. 
On the other hand, in enclosed motors for continuous service, 
due to lowered rate of heat dissipation, the rating is reduced, 
the variable losses are effected to a greater extent than the fixed 
losses, and the efficiency curve shows, in general, lower ef- 
ficiencies for partial than for full and limited overloads. 

Mechanical Characteristics: Light weight and small over- 
all dimensions are important factors in the ordinary industrial 
motor, where ease in handling complete motors or replacement 
parts must be taken into consideration. They frequently are 
mounted, also, directly on the machines or tools which they 
drive, their weight supported and their dimensions limited by 
the structure of the latter. Standardization and interchange- 
` ability of parts are essential requirements of the modern motor. 
The great diversity in the character of industrial motor applica- 
tions has led also the development of many different mechanical 
forms in a line of machines, in many cases without affecting 
the electrical characteristics; among these might be mentioned, 
vertical, back geared, semi, and totally enclosed motors, and 
idler pulley attachments for motors. Certain classes of heavy 
services, in particular mill and crane work, have led to special 
features of design both electrical and mechanical. Electrical 
characteristics have been commented upon in the preceding 
pages; in mechanical construction such motors are marked by 
very rigid frame structures with wide spread of feet, large 
shafts and ample bearings, small armature diameters, with 
windings both in armature and field systems braced to stand 
very severe duty, and frequently in addition are insulated to 
stand extra high temperatures (Class B insulation). Figs. 13 
and 14 give a fair idea of constructive features of the enclosed 
and open motor of the well known mill type. 

To summarize the foregoing characteristics of direct current 
motors, and make more definite their bearing upon service 
conditions, three classes of motor application will be briefly 
reviewed. 

1. The constant, or slightly varying load, constant speed 
continuously operating drive, as typified in some forms of line 
shaft and group drive, blowers, and centrifugal pumps. 

2. Non reversing, continuously running, cyclic duty with 
alternating peak and partial loads, such as shears, punches, 
presses and hot saw. 

3. Reversing cycles, usually with duty of peak character 
during the useful work part of the cycle, as in the adjustable 
speed reversing planer motor, and the varying speed mill motor 
applied on roll tables or screw-downs in steel mills. 
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In the motor for constant speed, continuously running drive 
within frequent shut-downs and moderate variations in load, 
the problem of motor design is found in its simplest form; such 
applications are approached more or less directly in line shaft 
and group drive, centrifugal, pumps, fans, etc. The operating 
characteristics of importance in this class of applications are 
speed torque, commutation, stability, heating and ventilation, 
and efficiency. Usually an approximately constant speed motor 
of the shunt type is required. The commutation problem is 
not a difficult one, for a commutating pole motor; sparkless 
commutation and the maintenance of good polish and long 
life to commutator and carbons being required. Stable opera- 
tion is essential, though danger of instability is not so great 
as in other classes of motors and loads; a definite drop in 
speed characteristic will assure stable operation. A motor 
with particularly good ventilation is in general required. The 
almost negligible influence of motor inertia on the important 
operating characteristics, and the freedom from commutation 
limitations as secured through the commutating pole, makes 
possible the choice of proportions, the disposition of material, 
and arrangement of windings such as to secure, within economic 
limits, the best results as to ventilation. The requirements in 
the matter of efficiency call for high values, in general between 
one half and full load. 

In non-reversing, continuously running drives, having cyclic 
load variations between wide limits, the peaks representing large 
excess over the average duty, characteristics differing some- 
what from those given above, and differently emphasized, are 
demanded. Speed torque, commutation, inertia, heating and 
ventilation, and efficiency require consideration. The droop- 
ing speed and well defined torque characteristics of the com- 
pound wound motor are in general sought, both to allow inertia 
of moving masses to assume part of peak load, demands, and 
also to secure motor peak torque demands by increment in 
main flux as well as in armature current increase, thus reliev- 
ing commutation strain, and lowering somewhat the total heat- 
ing effects during the cycle. The commutating pole motor best 
meets the requirements of the service. Conservative arma- 
ture commutating constants, and attention to leakage and 
saturation in the circuit of the commutating flux so as to se- 
cure reasonably level compensation over the entire load range 
of the motor will secure satisfactory results. The rate of cur- 
rent change, particularly where there is large inertia of mov- 
ing parts, is not sufficiently high to introduce the question of 
sluggishness in flux response. Large inertia in moving parts is 
of considerable importance. This inertia may be supplied 
chiefly by the parts of the driven machine, by the motor arma- 
ture, or Бу both supplemented by a separate flywheel. Oftwo 
machines equal in other respects, that having an aramture of 
high inertia is preferable; but the readiness with which a fly- 
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wheel of the desired proportions can be applied to any drive, 
would not justify the sacrifice of other desirable motor character- 
istics to secure this effect, and the proportions dictated by good de- 
sign for commutation, ventilation, efficiency and economy should 
be chosen. The ventilating characteristics of the motor should 
be good as in the preceding case; the demands in general would 
be about the same, based on the average value of the losses, 
since the alternating periods of heavy and light load are of short 
duration and will not result usually in appreciable variations 
in temperature. Good operating efficiency requires high values 
over a wide range of load, and a motor with level efficiency 
curve is, in general, desirable. Mechanical design character- 
istic of well made industrial motors, will usually meet all demands 
of constructive nature. 

For the reversing cycle, the reversing planer motor furnishes 
a good example. The requirements of the service are a cutting 
speed of considerable range, usuallv 2:1, and a return speed as 
high as can reasonably be obtained; a return speed four times 
the full field or minimum cutting speed is standard practise. 
During the cutting stroke variations in torque between partial 
and double full load value may occur; during return stroke a 
driving horse power of from one quarter to one half the normal 
rating, in general, may be counted on. The motor is controlled 
_ automatically, the control being actuated by the planer platen. 
It reverses after each stroke, being brought to rest by dynamic 
braking or plugging, the former preferred, and accelerated to 
the full cutting or return speed through armature and field 
switches. It is of first importance that the inactive part of the 
operating cycle both as to time and energy expended be re- 
duced to the minimum consistent with satisfactory operation 
and long life, for in economy of production lies one of the ad- 
vantages of the reversing planer over the belted and other 
forms of planer drive. 

Тре motor characteristics of interest in this drive are speed- 
torque, commutation, inertia, stability, heating and ventila- 
tion, and mechanical construction. An adjustable speed motor, 
usually 4:1 speed range is used, the most common speed range 
being 250 to 1000 r.p.m. А shunt wound motor may be used, 
as the definition of adjustable speed implies, but slight com- 
pounding is preferable, both to secure maximum accelerating 
torque with reasonable current peaks, and to assist in carrying 
extreme cutting loads. The advantage of the series winding is 
particularly marked on that part of the accelerating period 
which 15 secured by shunt field adjustment, limiting the current 
rush and making smooth and rapid the acceleration when the 
shunt field resistance is cut in in one step, a feature desirable 
for rapid acceleration and simplicity of control The com- 
mutation requirements are severe, particularly in braking dynam- 
ically from the return stroke at maximum speed: a commu- 
tating pole motor is of course essential. The peak braking 
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current should be as high as possible consistent with satisfactory | 
commutation. The rate of change of current is high during 
the reversal from motor to generator action on braking. Not 
only must commutating constants of armature be conservative, 
and wide range of approximate proportionalitv between com- 
mutating flux and armature current be secured, but rapid re- 
sponse of flux to current change is essential. А motor which 
meets the dynamic braking requirements, will be equal to the 
commutation demands of acceleration and of the cutting stroke. 
It is evident that to keep the time and energy of reversal low, 
inertia of moving masses should be reduced to the lowest eco- 
nomicalfigure. The motor armature forms a large, usually the 
largest single item in this inertia, and the selection of armature 
proportions for low flvwheel effect, as outlined in preceding 
pages, is of first importance. With light compounding as 
suggested above, the question of stability does not enter. With 
a shunt wound machine, however, some trouble from over- 
speeding at the end of acceleration to high speed is apt to occur, 
if very rapid acceleration is sought. The work period during 
which the cycle of operations is repeated, varies in length, in- 
terrupted from time to time for adjustment of cut or inspection 
of work; a rest interval follows during which the work piece 
is changed, permitting effective cooling of the motor. The 
thermal conditions in the motor vary widely during the cycle. 
In general a short time rating is satisfactory. The conditions 
determining efficiency also vary widely. Not onlv do actual 
loads and losses differ greatly in different parts of the cycle, 
but the proportion of fixed to variable losses show marked 
contrast, as, for instance, between cutting peak at low speed, 
and partial load return stroke at high speed. Operating con- 
ditions determine many factors which aflect both efficiency 
and heating, but, in general. the operating requirement 
for minimum energy expended during the non-productive 
part of the cycle, affects favorably these characteristics. The 
mechanical demands upon a motor for this service are more 
severe than for the continuous drive; the requirement, how- 
ever, for low inertia favors their easy attainment. Rigidity of 
design and the secure fastening of windings subject to widely 
varying torques and to inertia stresses cover, in general, the 
impoftant special requirements. 


CHARACTERISTICS OF DIRECT-CURRENT MOTORS FOR ELEVATOR 
SERVICE 


Albert Brunt (by letter): Requirements of electric motors 
for elevator service are such that standard Industrial motors 
cannot be applied without some modification, the extent of the 
modification depending upon the kind of elevator service that 
is to be maintained. An analvsis of those elements of the ele- 
vator application, that are of interest to the motor designer 
is of great importance, as it will disclose the principles to be 
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kept in mind when designing this class of motors. The im- 
portance of the elevator industry in this country and also the 
fact that nowadays the great majority of elevators are built 
with electric drive, makes it well worth while to investigate 
this interesting motor application. 

The conditions to be met in different elevator installations 
vary a great deal. This naturally has led to a division of the 
elevator machines into different classes. Both in regard to 
elevator machine and to driving motor this division is based 
on the speed of the elevator. In regard to the elevator ma- 
chinery the division can be made in geared and gearless ma- 
chines, the geared machines to be subdivided again іп worm 
gear machines and helical or herring-bone gear machines. 
Worm gear machines are used for low and medium speed 
service, helical gear and gearless machines for high speed service. 
Under low speed should be understood elevator speeds up to 
200 feet per minute, under medium speed 200-400 feet per 
minute and under high speed 400 feet per minute and up (maxi- 
mum 700 feet per minute.) 

The motors for elevator application may be divided in the 
following three classes: 

(1) Motors for low speed service. 

(2) Motors for medium speed worm gear machines and for 
high speed helical gear machines. 

(3) Motors for high speed gearless machines. 

Although a-c. motors are used extensively for low speed 
elevator work and two-speed induction motors even for speeds 
up to 350 feet per minute, the characteristics of d-c. motors 
are far more suitable for this application, especially for high 
speed work for which d-c. motors are used exclusively. For 
this reason this paper will deal with d-c. elevator motors onlv. 

The diflerent requirements can be shown to the greatest 
advantage for the second class of motors, those for medium 
speed worm gear machines and high speed herring-bone gear 
machines, for which reason these motors will be considered first. 

There are two important requirements to be met during 
the cycle of elevator operation, t.e., the operation should be 
smooth, without jerks causing inconvenience to the passengers 
їп the car, and it should be as economical as possible. 

For this kind of service (from 200 to 400 feet per mifiute) 
the motor is started over a series resistance which is cut out in 
several steps, followed by a weakening of the field also in several 
steps. If a compound field is used this is cut out before the 
weakening of the field has begun, as a compounding field on 
the motor, while it is driving the elevator at its normal speed 
that is the weak field speed of the motor, would make the speed 
change too much with changes in the load, which is undesirable. 
When the elevator has to be brought to a stop from its normal 
speed the accelerating operation is reversed. First, the field 
is Strengthened, causing a momentary regeneration; after that 
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the speed is decreased further by decreasing the armature volt- 
age through the insertion of resistance in series with the arma- 
ture, after which the armature is disconnected from the line 
and short-circuited over a resistance, thus decreasing the speed 
further by dynamic braking. This last operation should bring 
the speed so near to zero that when finally the mechanical 
brake is applied no jerk is felt in the car. Also for mechanical 
reasons it 1s necessarv that the speed be very nearly equal to 
zero when the mechanical brake 15 applied as this brake would 
wear out very rapidly on account of the great many stops if it 
were to decrease the motor speed materially, requiring a fre- 
quent adjustment of the brake shoes. This mechanical brake 
is a holding brake onlv, holding the elevator svstem at rest 
when the controller is in the off position, it is actuated by a 
steel spring and released bv a solenoid. 

Ап important point to be settled 1$ the amount of speed varia- 
tion through field control that an elevator motor should have. 
Without any field control at all the motor for a certain out- 
put of course will be the cheapest, but at the same time will 
require a great number of series accelerating switches, in order 
to make the acceleration smooth enough, and a great amount 
of resistance. Furthermore, this kind of acceleration is very 
uneconomical due to the amount of power lost in the series 
resistances. Efficient acceleration and retardation 1$ of great 
importance for an elevator on account of the great number of 
stops made. Whereas during the run at normal speed the 
motor has to develop a torque great enough to lift the un- 
balanced load and to overcome the friction, during accelera- 
tion it has in addition to this, to develop a torque for accelera- 
ting the masses, which 1$ very considerable. With an accelera- 
tion of 2.5 ft. per sec. per sec. Бу which a speed of 400 feet 
per min. is obtained in 2.67 sec. the acceleration force for a 
weight W is 323 x 2.5 = 0.078 W. At full load the total masses 
to be accelerated, however, will be approximately 8 times larger 
than the unbalanced load which is to be lifted and when also 
considering that a torque 1s needed for accelerating the revolv- 
ing masses, the required accelerating torque will come up to 
nearly double the full load running torque. Where as most 
of the time an elevator 1s running with an average load and 
this consumes only little power during the run at normal speed, 
the work to be performed during starting for accelerating the 
masses is alwavs nearly the same, to which 1$ to be added the 
variable work for lifting the load. Economy during accelera- 
tion therefore, is most important, more so than a high full- 
load motor efficiency. The effect of the amount of speed 
variation through field control of the motor on the economy 
of acceleration will be shown by a comparison of Fig. 15 with 
Fig. 16. Fig. 15 shows accelerating conditions for a motor 
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without field control and Fig. 16 for a motor with a speed 
variation through field control of 2-1. Both motors are sup- 
posed to drive the same elevator and thus are of the same 
horse power with the high speed of the motor of Fig. 16 equal 
to the speed of the motor of Fig. 15. 

In order to maintain a constant increase in speed per time 
unit during all of the accelerating period the motor torque 
will have to be constant during this period, which means that 
with a constant flux the current should be kept constant. This 
is supposed to be obtained in Fig. 15 by a controller with an 
infinite number of series resistance steps which will increase 
the voltage applied to the armature from zero to E propor- 
tional to the speed. If the accelerating time be equal to Т 
the power taken from the line during acceleration will be equal 
to E I T. If efficiency of acceleration is taken to mean 


Power cónsumption by motor armature 
Total power consumption 


then in this case this efficiency will be 50 per cent, as the arma- 
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In Fig. 16 uniform acceleration up to half the normal speed 
is supposed to be obtained by an infinite number of armature 
resistance steps, same as for the motor in Fig. 15, from half 
speed to full speed the motor is accelerated by field control, 
the rate of change of the field being such that the product of 
current and flux and thus the torque is kept constant. This 
will very nearly be obtained if the current mcreases from half 
to full value and if the flux decreases from full to half strength 
proportional with the speed as shown in Fig. 16. (This is not 
quite correct. With current and flux changing as in Fig. 16 
the corresponding torque will follow the dotted line with a 
maximum difference from the constant torque of 12.5 per cent). 
The power consumption now will be: 
during the Ist half of the accelerating period 
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during the 2nd half of the accelerating period 
T 3 3 


9 X EX 1 І = ge IT 
5 
Total E IT 
The armature power consumption during acceleration will be 
E I T 1 
during the Ist half 77 х 5 Х 2” = ЕІ Г 
during the 2nd half Е x 51 X > = SEI T 


giving a total of $ E I T and thus an accelerating efficiency 


of 1 X 100 = 80 per cent. 

This shows that the power consumed during acceleration 
of a motor with 2-1 speed variation only 1s 62.5 per cent of what 
it is for a motor without speed variation through field control, 
whereas the accelerating efficiency is 50 per cent for the motor 
without and 80 per cent for the motor with field control. "This 
is a very important result, as stated already on account of the 
great number of stops of an elevator. However, it is notthe 
only advantage of a motor with field control in regard to economy 
of operation. When in a motor of this kind, running at high 
speed, the field strength is increased the motor will momentarily 
regenerate and thus slow down, the power required for pro- 
ducing this regeneration is taken from the inertia of the mov- 
ing and revolving masses. Neglecting the motor efficiency, it 
may be said that the power consumed for producing the torque 
necessary to accelerate the masses from the full field motor 
speed up to the high speed, that is the power converted into 
inertia of the moving and revolving masses, is returned to the 
supply line when the motor is retarded from normal to full 
field speed. This of course is impossible in motors without 
field control. It is quite an appreciable item as the inertia 
increases with the square of the speed. But not only that the 
acceleration and deceleration is much more economical in a 
motor with field control, also a smooth stop on an elevator 
running at over 200 feet per minute with series accelerating 
switches only will be impossible. Supposing that the load 
should be over-hauling the counterweight and thus that the 
motor should be running as a generator, then if the elevator is 
to be stopped the introduction of resistance in series with the 
motor armature will not decrease the speed, but a braking effect 
only will be obtained when the controller reaches the off position, 
in which position the armature is disconnected from the line 
and short-circuited over a resistance, and thus dynamic braking 
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is applied, causing a sudden retardation. The only way to 
overcome this would be to have, in addition to resistance in 
series with the armature, switches that introduce resistance in 
parallel with the armature thus obtaining dynamic braking dur- 
ing the process of inserting the armature series resistance. This, 
however, will increase the expense of the controller. 

An illustration of the preceding in regard to acceleration 
economy will be obtained by a comparison of the figures of the 
following tabulation, taken from actual tests on a worm geared 
elevator running at the exceptional high speed of 450 feet per 
minute and driven by a motor with 2.5-1 field control. 


Number of stops per mile: 24 98 148 
Load in car. kw-h. рег car mile 
150 Ibs. 1.55 2.55 
750 Ibs. 1.42 2.41 
1500 Ibs. 1.70 2.50 3.45 
3000 lbs. 2.62 3.47 


This shows the strong increase in power consumption with in- 
creasing number of stops. 
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Fig. 17 gives the power consumption during acceleration for 
different field control ratios, the amount for the motor without 
field control being taken as one. This curve shows that in this 
respect there 15 not much advantage to use a motor with a field 
control ratio greater than 2-1, especially where for a certain h.p. 
and a certain maximum speed determined by the gear ratio, 
the cost of the motor increases with increasing field control ratio. 

The preceding indicates that a motor with 2-1 field control 
will be the most suitable for this kind of elevator service which 
has been proved by actual experience as a great many motors 
with this amount of field control, have been built and have given 
entire satisfaction. The question now arises whether these 
motors should have a compounding winding to be used during 
armature acceleration only and to be cut out before field accelera- 
tion. Due to the fact that only during acceleration and retarda- 
tion the shunt field is excited by the full voltage, and that the 
amount of heat developed in the shunt field coils while the motor 
is running at high speed, and usually also when standing still, 
is less than 1/4 of what it is at the full field speed, the excitation 
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of the field can be made quite strong so that the magnetic cir- 
cuit will be rather saturated at full field, making the advantage 
of having a compounding field in addition to the shunt field 
negligible. It must be borne in mind that with normal current 
this motor will have a starting torque equal to 2 times the nor- 
mal torque. It would be entirely different if a motor without 
field control were used. In order to obtain a good starting 
torque without excessive current the saturation of a motor of this 
{уре should not be worked high, so that by using a compounding 
field during starting an appreciable increase in flux can be ob- 
tained producing the required starting torque without consuming 
too much current. 

Motors for this application of course must be of the commutat- 
ing pole type and except in one point need not be different from 
ordinary commutating pole motors for constant speed service. 
Elevator motors are subject to very rapid changes in the current 
during accelerating and braking. When the motor is stopped 
from its normal speed the shunt field is strengthened and the 
current reverses producing regeneration. This change in cur- 
rent is so quick that when the interpoles are made of solid material 
the commutating flux will not change quick enough to correctly 
compensate for the reactance voltage in the short-circuited coils 
which is the cause of sparking. This sparking coming with 
every start and stop soon will blacken the commutator and 
consequently the motor will require a great amount of attention. 
This lag in the interpole flux is produced by eddy currents 
which are induced in the solid commutating poles by the change 
in commutating flux. In order to correct this lag in the 
commutating flux the commutating poles have to be built up 
from laminations, which is not necessary in motors for constant 
speed work in which the current is not subject to quick changes. 
If the commutating poles are laminated then there is still the 
magnet yoke as a part of the commutating pole flux circuit which 
is of solid material and thus must have a damping effect on the 
commutating flux change. Experience shows, however, that 
elimination of that part of the lag in the commutating flux, which 
is caused by the solid commutating poles, is sufficient to make the 
commutating flux change so quickly that it prevents sparking 
at the brushes, making it unnecessary to also laminate the magnet 
yoke. The cross-section of the interpoles should be made rather 
liberal, in order to prevent saturation and to have the right pro- 
portion between commutating flux and armature current over 
the entire range of load. 

Whereas the commutating flux circuit should thus be made so 
as to respond as quickly as possible to changes in the current, 
the main flux circuit should be made to be rather sluggish so that 
the change in flux, and thus in speed, when the resistance is 
introduced in the shunt field circuit, will not be too abrupt. 
Simplicity of control tends to make the number of steps used for 
inserting the shunt field resistance as small as possible. In case 
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of motors with 2-1 field control the shunt field resistance often 
is inserted in one step. Under these conditions the magnet yoke 
should have sufficient volume to dampen the flux change so 
much so as to prevent a too sudden increase in speed causing 
discomfort to passengers in the саг. Whether this effect can be 
produced by the magnet frame and by the self induction of the 
shunt coils depends on the frame dimensions. If the motor 1s 
built with a relatively long armature core the yoke volume may 
be large enough to produce this effect, if not then there are other 
ways to produce it. One way is to use a short-circuited turn of 
rather large copper cross section around the main field coils which 
of course will have a damping effect, another way 1$ to use solid 
main poles. It also can be obtained by the use in the field cir- 
cuit of a relay of the fluttering type which strengthens the shunt 
field when the armature current exceeds a certain value and 
weakens the field again when the current drops to a certain value. 

Of great importance in regard to the proper operation of ele- 
vator motors is the speed regulation. The elevator should 
run as nearly as possible at the same speed independent 
of the load and whether going up or down. With the 
car loaded to capacity and going up the motor will pull its maxi- 
mum current, going down with same load the load will overhaul 
the counterweight and will drive the motor as generator, pro- 
vided that the gear friction is not so large as so to absorb the 
excess power, which should not be the case in well made gears. 
The maximum generator speed should not exceed the maximum 
motor speed by more than 15 per cent. The generator load of 
course will not be as large as the motor load on account of guide 
rail, rope and gear friction. This friction is very considerable, 
especially the gear friction, so that the maximum generator cur- 
rent can hardly be over 1/3 of the motor current for maximum 
load. 

The following factors of the motor design affect the character 
of the speed curve: ohmic drop, main field distortion and local 
brush currents. The ohmic drop in armature and commutating 
pole winding will cause a decrease in speed as motor and an in- 
crease as generator, proportional to the current. The distor- 
tion of the main flux will produce a decrease in this flux and thus 
an increase in speed both as motor and as generator with increas- 
ing load. For motors with 2-1 field control, however, this field 
weakening will not amount to much as at normal speed the motor 
has a weak field and consequently the effect of the field distortion 
is rather small. The influence of both these factors can be cal- 
culated with sufficient accuracy; not so however, with the in- 
fluence of the local currents. Although it is known how local 
currents under the brushes affect the main flux and thus the speed, 
it has not been possible yet to express this effect in mathematical 
terms. A too strong commutating flux (over-compensation) will 
produce local currents that have the same effect on the main flux 
as a backward shift of the brushes, whereas a too weak commuta- 
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ting flux (under-compensation) will cause delayed commutation, 
the effect of which corresponds to the effect of a forward brush 
shift. Thus the local currents produced by over-compensation 
have a main field weakening effect in the motor and a strengthen- 
ing effect in the generator whereas those produced by under- 
compensation have a field strengthening effect in the motor and 
a weakening effect in the generator. In order to obtain a good 
speed regulation it will be of advantage to make the commuta- 
ting flux so that the motor is slightly over-compensated which will 
increase the motor speed and decrease the generator speed and 
thus will decrease the regulation. By adjusting the commuta- 
ting flux strength for full load current at full field, a slight over- 
compensation will be obtained at high speed due to the decreased 
saturation of the magnet yoke. In elevator motors which on 
account of the intermittent service have a rather large output 
co-efficient, that is, a high output per unit armature d?l and 
thus a large amount of armature ampere-turns the effect of these 
local currents is very strong. This is illustrated rather strikingly 
by the weak field speed curve of a 30-h.p., 425-850 rev. per. min. 


motor shown by curve A of Fig. 18. This curve shows that the 
commutating polecapacity was too small requiring a strong in- 
terpole excitation which then produced over-compensation at par- 
tial load and under compensation at overload. Curve B indicates 
the speed curve as it would be if affected by ohmic drop and field 
distortion only. The difference between curves A and B is 
caused by the local currents. The speed curve A was straight- 
ened out by equipping the machine with more liberal commuta- 
ting poles which produced the speed curve as given by curve C 
of Fig. 18. 

As stated already, elevator motors are intermittently rated. 
The normal h.p. of the motor corresponds to the maximum 
elevator load so that except for accelerating and braking peaks, 
there will be no overload on the motor, on the contrary during 
most of the time the elevator will be running with an average 
load nearly equal to the over-balance which makes the load on the 
motor very light. The time rating of the motor, therefore, can 
be taken rather short and varies from 3 hour to 1 hour. In 
large office buildings and hotels with continuous service the time 
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rating of the motor should be taken longer than for elevators 
with unfrequent service as in small hotels and factories. 

The speed of motors driving the elevator drum or sheave 
through a single or double worm gear should be from 800 to 900 
rev. per min. which on a 2-1 field control basis will make the full 
field speed 400 to 450 rev. per min. With 850rev. per min. and 
the smallest gear ratio of 20-1 and a drum or sheave of 36 inches 
in diameter the car speed will be 400 ft. per min. Lower speeds 
can be obtained by a larger gear ratio. A slower elevator speed 
also can be obtained at a slight sacrifice in economy by not run- 
ning the motor up to its rated high speed. The motor fields 
should be so designed that the motors can be used for a field con- 
trol varying between approximately 1.3 and 2.1. This will help 
the elevator builder out considerably in that he can cover a larger 
range of speed with fewer gears. Worm gear machines are shown 
in Figs. 19 and 20. 

Worm gears are seldom used for elevator speeds over 400 ft. 
per min. on account of difficulty with vibration noticeable in 
the car and with rapid wear. Due to a demand for geared high 
speed elevators, during the last couple of years the helical or 
herring-bone gear has been used in elevator work. It is a well- 
known fact these gears are very efficient, efficiencies as high as 
98 per cent having been obtained. Thecontact between gear and 
pinion is of a rolling nature with almost no friction and thus very 
little wear. These gears when once in alignment will stay in align- 
ment, which is not the case with worm gears, which wear out 
due to the friction between worm and gear. In order to avoid too 
large a gear, the gear ratio is considerably smaller than in worm 
gear machines and varies between 6-1 and 10-1. А car speed of 
600 ft. per min. and a sheave diameter of 36 inches will give a 
motor speed of approximately 400 rev. per min. which with a 2-1 
field control ratio will give a motor of 200 to 400 rev. per min. 
and for this kind of service rated at from 20 to 40 h.p. The 
limitation in the size of the gear is responsible for a considerably 
lower motor speed than can be used for motors driving worm gear 
machines, so that herring-bone gear machines require a more 
expensive motor. This higher motor cost is not altogether a 
disadvantage as the low speed decreases the kinetic energy of the 
motor armature. 

It is desirable to build the armature of elevator motors with 
comparatively small diameter in order to keep the flvwheel 
effect low. However, the importance of this should not be over- 
estimated, especially not for motors with 2-1 or more field control. 
With every start an amount of work has to be performed for 
accelerating the armature, equal to the kinetic energy of the 
armature at high speed. The kinetic energy is proportional to 
the square of the angular velocity so that in case of 2-1 field 
control motors, 1 of the work to be performed for bringing the 
motor armature up to the high speed, is done while the armature 
is being accelerated through field weakening. When stopping, 
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this 3 of the total armature inertia is returned either directly or 
indirectly to the supply circuit. It is returned directly in the 
case that the motor is being overhauled for this inertia is 
exhausted by regeneration caused by field strengthening. It is 
returned indirectly in the case where the motor 1s lifting a load 
when the inertia stored in the armature will be spent for moving 
the elevator, thus requiring less power from the supply circuit. 
Of course not all of the work performed during acceleration is 
recovered during retardation because motor efficiency 1s less 
than 100 per cent. The relative importance of this loss can best 
be illustrated by an example. 

For an elevator in an average size hotel the total kinetic energy 
of all moving and revolving parts at balanced load and at the 
speed of 350 ft. per min. is 15,500 ft-lb. (car weight 2650 1b., 
counterweight 3650 1b., capacity 2500 lb.) of which 7800 ft-lb., 
or approximately 50 per cent, are stored in the armature of the 
30 h.p., 425-850 rev. per min. motor. This motor has an агта- 
ture diameter of 14 inches which is a fairly large diameter for a 
motor of this size. Of these 7800 ft-lb. armature inertia 2 or 
5850 ft-lb. are developed during field acceleration from # to 
full speed. With a motor efficiency of 85 per cent. the loss due 
to this inertia will amount to: 

(5-5 — 0:85) 5850 = 0.33 X 5850 = 1930 ft.-Ib. 
as 1 kw. hour = 2,653,000 ft-lb., the loss caused by the fly- 
wheel effect of the armature for acceleration and deceleration 


1,930,000 


between half and full speed will be per 1000 cycles 2 653 000 — 


= 0.728 kw-hr. 

This result clearly indicates that in regard to economy not 
too much attention should be paid to the armature dimensions. 
A large armature flywheel effect, however, means that the start- 
ing and braking current peaks will be larger than for an armature 
with small flywheel effect, so that in regard to commutation a 
small armature diameter is desirable. This is especially so for 
high speed elevators in large office buildings where a quick start 
and stop is required and thus applied to motors driving herring- 
bone gear machines. For medium and slow speed worm gear 
machines where quick starting and stopping is not so important, 
a small armature diameter should not be considered as a too 
prominent factor. 

Quiet operation is another important factor for elevator motors 
magnetic noise in a motor installed at the top or at the bottom of 
a hatchway may carry far and will be a nuisance to the people in 
the building. The noise problem is a problem in itself on which 
many papers have been published and will be published, as the 
final solution has not yet been found. A detailed discussion of 
this problem would go far beyond the scope of this paper. A 
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large number of armature slots and large air gaps have proved 
to be effective means for getting quietly running machines. 


MOTORS FOR SLOW SPEED ELEVATORS 


The service for low speed elevators usually 15 infrequent so 
that economy of acceleration and deceleration need not be con- 
sidered in the first place, but rather first cost of the whole instal- 
lation and thus of the motor. For a certain h.p. and normal 
speed the motor without any field control of course is the cheapest 
for which reason this kind of motor is the proper one for slow 
speed service. In order to get a high starting torque without 
excessive current the motor should have a compound winding, 
to be used only during starting. This compound winding only 
can be effective if the magnetic circuit is not saturated when 
excited by the shunt field alone. It should be of considerable 
Strength, making it necessary to cut it out in two steps before 
the motor reaches its full speed, so as to get smooth acceleration. 
These motors are used for single 
or double worm gear machines; 
their speed corresponds to the 
high speed of motors for medium 
speed elevators, with some varia- 
tion. The motors are accelerated 
by series armature resistance cut 
out in steps; when stopping the 
armature series resistance 15 т- 
serted in steps, after which the 
motor is very nearly brought to 
a stop by dynamic braking, the 
final stop being obtained by an 
electrically operated mechanical 
brake. 

Motors for High-Speed Gearless Elevators: Тһе tendency toob- 
tain a certain result in the most simpleway has led to the introduc- 
tion of the gearless traction machine for high speed elevator work. 
The word traction in connection with this machine is used to indi- 
cate that the car motion is produced by the tractive effort of the 
ropes on the driving traction sheave whereas in drum machines 
the car motion is obtained through the winding and unwinding 
of the ropes on а drum. For high buildings the traction sheave 
is absolutely essential, as a drum would be of impossibly large 
dimensions. The gearless traction machines can be divided 
in two (2) classes: those with 1-1 roping, the principle of which 
15 represented in Fig. 21 and which are used for speeds of 500 ft. 
per min. and above and those with 2-1 roping shown in principle 
in Fig. 22 and which are used for car speeds up to 450 ft. per 
min. 

The 1-1 traction machine is shown in Figs. 23 and 24 and 
consists of a low speed motor to the armature spider of which 
is bolted a driving sheave. This is in one piece with the brake 
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wheel. The brake shoes are actuated by steel springs and are 
magnetically released. The idler sheave seen in Figs. 21 and 
22 15 resorted to in order to get two (2) half turns, equal to 
one full turn, of the ropes on the traction sheave which is neces- 
sary to obtain the required tractive effort. In order to get a 
motor speed which is as high as possible the diameter of the 
driving sheave should be as small as can be without materially 
effecting the life of the ropes. Тһе smaller the diameter of 
the traction sheave the larger the strain on the ropes when 
passing around it. Experience has shown that the smallest 
allowable sheave diameter for $ in. ropes, which are used for 
1-1 traction, is 30 inches. The same motor should be used 
for the different speeds from 500 ft. per min. up, so that if a 
30 inch sheave is used for 500 ft. per min. a 33 inch sheave will 
give а car speed of 550 ft. per min. and a 36 inch sheave 600 
ft. per min. The motor speed at normal elevator speed then 
will be 64 rev. per min. The maximum load which is to be 
considered for this kind of service, excepting machines for safe 
lifting, will be 3500 lb. which at a hoisting efficiency of 88 
per cent and a speed of 600 ft. per min. will require a motor 
output of 40 h.p. The counterweight over balance for this 
kind of work usually is taken at from 40 to 45 per cent of the 
capacity load. In an elevator installation of an office build- 
ing it is usually required that one machine must be able to 
lift safes of a weight of approximately 6000 lb. The simplest 
way to take care of this is to increase the counterweight on 
occasions that safes are to be lifted in addition to which these 
machines have an additional brake for holding this heavy load. 

Having determined the normal motor speed at 64 rev. per 
min., the question arises how much speed variation through 
field control this motor should have. Тһе motor requirements 
for obtaining economical acceleration. developed for motors 
driving worm gear machines also applv to gearless motors, 
that is, the economy of acceleration will increase with increas- 
ing field control ratio. However, there are more points to be 
considered. A look at the worm gear machines as shown in 
Figs. 19 and 20 will impress the fact that the motor is only a 
small part of the complete elevator machine, so that an increase 
of the field control ratio of the motor, increasing the cost of the 
motor, will only to a small extent affect the cost of the entire 
elevator installation. For a gearless machine, however, the 
conditions are entirely different as a look at the machine of 
Figs. 23 and 24 will show. In this machine the motor is by 
far the greatest part of the complete elevator machine so that an 
increase in the field control ratio, which will increase the size and 
the cost of the motor, will materiallv effect the cost of the com- 
plete machine. Ап increase in acceleration economy therefore, 
can only be obtained at an increase in the purchasing price of 
the machine. This means larger yearly depreciation and in- 
terest on the invested capital which may make up for the sav- 
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ing in power consumption during acceleration. There is yet 
another reason why the field control ratio for gearless machines 
should be taken lower than for geared machines. Consider- 
ing only the self induction of the shunt field coils, in case of 
the 30 h.p., 425-850 rev. per min., motor mentioned under 
worm gear machines it will take 0.45 seconds for the field to 
decrease from its full field value to its high speed value if all the 
resistance is inserted in one step, whereas in the gearless motor 
with a field control ratio of 1.18-1 it will take the field 0.8 seconds 
to decrease from full field strength to normal speed value which 
is 85 per cent of the full field strength. In addition to the effect 
of the self induction of the shunt coils, comes the delaying 
effect on the flux change by eddy currents in the magnet yoke. 
This effect of course is much more pronounced in the heavy 
frame of the gearless motor than in the light frame of the worm 
gear motor. If the field control ratio of the gearless motor 
were increased considerably beyond 1.2-1 this would neces- 
sarily increase the time required for the weakening of the field 
to such an amount that it would be impossible to obtain quick 
acceleration, a very important item in high speed elevator 
work. Whereas in motors driving worm gear machines, means 
have to be employed to increase the sluggishness of the motor 
in regard to flux changes, the opposite is true for gearless motors 
in which special саге 15 to be taken that the magnet yoke is 
not too sluggish. A field control ratio of from 1.15 to 1.20-1 
seems to be the most favorable. 

In designing this gearless motor special attention has to be 
paid to speed regulation and efficiency and in doing this the 
heating will take care of itself. A low speed motor like this 
necessarily has low no-load losses and a comparative large 
amount of copper losses, the ohmic drop also being responsible 
for a considerable drop in speed with increasing load. In order 
to limit this speed regulation to 15 per cent from maximum 
load as motor to the corresponding generator load the current 
density in the armature copper is to be kept fairly low, which 
at the same time is productive of a good efficiency and low 
heating. The motor shown in Figs. 23 and 24 has the high full 
load efficiency of 83 per cent. The partial load efficiencies of 
course are still higher, which is an advantage in elevator work 
where most of the time the load will be below the maximum 
car capacity. 

Due to the low speed the kinetic energy of the motor armature 
is very small and amounts to only 1620 ft-lb. for the motor 
of Fig. 23 whereas the inertia of the whole elevator system 
(car weight 3000 lb. counterweight 4300 lb.) at balanced load 
and 600 ft. per min. amounts to 20,700 ft-lb., so that the 
armature only is responsible for 7.8 percent of the total inertia 
(approximately 50 per cent 1n a worm gear machine). This 
shows that it 15 no advantage to build the armature of gearless 
motors with a special small diameter for the purpose of limiting 


1915] DISCUSSION АТ NEW YORK 2781 


the flywheel effect to the lowest possible value. А large arm- 
ature diameter and thus a short armature core has the distinct 
advantage of decreasing the overall length of the machine and 
making it possible to build the machines with a large number 
of poles. This will shorten the armature end connections and 
thus decrease the ohmic resistance of the armature winding 
causing an increase in efficiency and a decrease in speed regula- 
tion, both very desirable accomplishments. 

The gearless motor referred to in this paper has 8 poles and 
no commutating poles. Due to the low speed satisfactory 
commutation can be obtained without resorting to commutat- 
ing poles, against the use of which there is a serious objection 
on account of the increase in ohmic drop and thus in the speed 
regulation, caused by the commutating pole winding. 

Compactness and short over-all length are very desirable 
features for these machines. In order to be able to mount the 
machines, driving a bank of elevators, side by side the overall 
length should not exceed 6 ft., which will allow enough space 
between adjacent machines for an attendant to pass between. 
If this is not done it may be necessary to double-deck the ma- 
chines, that is, mount alternate machines in two tiers, which of 
course is undesirable in regard to the cost of the building and 
accessibility. | 

The cycle of control of these motors is the same as for worm 
gear machines except that in addition to the resistance used 
during acceleration in series with the armature, resistance is 
also used in parallel with the armature. This last feature 
produces dynamic braking during retardation before the arma- 
ture is disconnected from the line and short-circuited through 
the dynamic braking resistance. This is very helpful in mak- 
ing smooth stops. 

Due to a demand for elevators with a speed of from 400 to 
450 ft. per min. with larger capacity than 1s usual for 1-1 ma- 
chines the 2-1 gearless traction machine has been developed, 
the principle of which is shown in Fig. 22 and which is being 
used extensively for department stores. Due to the rope 
sheave on car and counterweight the speed of the car is half 
the rope speed, thus permitting of the use of a higher speed 
motor and thus of a smaller motor than used for 1-1 roping. 
As $ inch ropes are commonly used for this kind of work a 
smaller traction sheave than in the 1-1 machine can be used. 
At 450 ft. per min. car speed, 900 ft. per min. rope speed and 
with a 28-inch sheave the motor speed will have to be 123 rev. 
рег min. Due to the fact that this motor is smaller than the 
one previously described and thus has a smaller magnet yoke, 
the field control ratio should be made somewhat larger, 1.3-1 
being a good ratio, giving a motor speed of 95-123 rev. per min. 
The higher speed and the larger field control ratio of this motor 
necessitate commutating poles in order to obtain satisfactory 
commutation. The construction of this machine is entirely 
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along the lines of the 1-1 machine and the only reason that it 
is not used in the place of the 1-1 machine, than which of course it is 
cheaper, is because the high rope speed, equal to twice the car 
speed, makes rope wear very considerable. For this reason 1 
is seldom used for rope speed higher than 900 ft. per min. cor- 
responding to a car speed of 450 ft. per min. 


APPLICATION OF FLYWHEELS TO MOTORS 


К. А. Pauly: The use of flywheels in connection with motors 
has an important bearing upon the design of the machine to 
which the flywheel is applied; and further, the design of the 
flywheel motor unit should properly be a balance between the 
advantages to be gained by the use of the flywheel and the 
disadvantages resulting from the special features in the design 
of the motor necessary to make the wheel effective. The fly- 
wheel is a simple and efficient means of storing energy in rela- 
tively small quantities and discharging it at a high rate for short 
periods, and 1$, therefore, especially applicable to motor appli- 
cations where the motor is called upon to meet high momentary 
overloads. 

Obviously, one of the advantages to be gained by the use of 
a flywheel when properly applied is a reduction or practical 
elimination of the peak demands for power by the motor, which, 
depending upon conditions, may materially affect the capacity 
of the generating, transmitting and transforming equipment 
required for supplying power to the motor, as well as the ca- 
pacity of the motor itself. То obtain the benefits from the fly- 
wheel, however, it 1$ necessary to so design the motor, in con- 
nection with which it is used that the speed will automatically 
drop through a greater range with an increase in load than 
is the usual practise for such motors when no flywheel is used. 

The simplest methods and those commonly used for obtain- 
ing this result are to give direct current motors an accumulative 
compound winding and to insert a fixed resistance in the rotor 
circuit of induction motors. With an equipment of this type 
equalizing of the load is only partial except where the peak 
loads are of extremely short duration and the flywheellarge in 
proportion to the energv required. Where the peak load is 
sustained for any considerable period the actual reduction in 
the power demand may be small, and in some cases no reduc- 
tion may be made, the whole effect of the flywheel being simply 
to round off the corners of the load curve, unless an excessively 
heavy wheel is used. Where this is the case, advantage may 
be taken of automatic means of controlling the field of the direct 
current motor or the resistance in the rotor circuit of the in- 
duction motor as the load increases and vice versa, allowing 
the flywheel to operate through a greater range in speed for the 
same maximum demand for power by the motor and at the same 
time obtain a reasonable efficiency over the cycle. 

Increasing the speed range through which а motor flywheel 
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unit operates may increase the cost of the motor, lower its 
efficiency, complicate the control, and have material effect 
upon the work both as to quantity and quality, while the effect 
on the flywheel will be to reduce the cost as well as lower the 
power required to drive it, from which it follows that the de- 
sign of the combined unit to accomplish definite results, must 
always be а compromise. 

The most common uses of flywheels in connection with 
motors are those to punch presses, air compressors, which are 
usually driven by compound-wound direct current motors or 
induction motors with fixed high resistance rotors, rolling mills, 
the motors driving which are controlled by all three methods, 
and indirectly to mine hoists. 


A-C. Соммотатов MOTORS 


E. F. W. Alexanderson (by letter): There are two distinct 
reasons for the use of a-c. commutator motors which must not 
be confused, although both of these reasons may apply for a 
certain motor application at the same time. The one is that the 
use of commutators makes it possible to operate motors on single 
phase power circuits in cases where high torque starting duty is 
required. The other reason for the use of commutator motors 
is the fact that they are adapted for operation at variable speed. 
The faults of the commutator motors are greater expense and 
greater maintenance than for either induction motors or direct 
current motors, and the use of the commutator motor is not 
justified unless either one or both of the above mentioned con- 


siderations is important enough to warrant a greater expenditure · 


in the cost of the motor. 

As examples of motor types that have been developed to meet 
the various requirements that come under the above classification 
the following can be mentioned: 

A form of commutator motor is widely used on single phase 
power circuits for high starting duty which operates at only one 
constant speed. The characteristics of this motor are substan- 
tially like an induction motor and the principal object of the 
commutator is to give a high starting torque. Incidental advan- 
tages can be derived from the uses of commutator by the improve- 
ment of power factor. These motors are manufactured in slightly 
varying forms under various names; but they can, as a whole, 
be said to have only one function, —to provide heavy starting 
service with single-phase power. 

The motor of the other extreme type is the three-phase variable 
speed motor. The only essential function of this motor is to 
provide variable speed with alternating current. In all other 
respects the induction motor would be preferable while the com- 
mutator makes possible improvements of power factor. 

The limitations of starting torque in alternating current com- 
mutator motors are so well known that they are not worth re- 
viewing. It may suffice to say that it is purely a problem of the 
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designer. Motors must be designed so that they will success- 
fully take care of the starting duty for which they are intended. 
For this purpose the designer must work with rather close mar- 
gins, and the motors when properly designed do not have the 
excess starting torque of the direct current motor. 

While in principle the method for speed variation in alter- 
nating current commutator motors is the same as in direct cur- 
rent motors, there are a number of practical limitations in the 
design of the motor proper as well as the controlling device, so 
that a variable speed a-c. motor has essentially different charac- 
teristics from the corresponding d-c. motor with which the opera- 
tors are familiar. It is important that these differences should 
be understood by the prospective users of variable speed а-с. 
motors because these motors have undoubtedly been barred from 
a great many useful applications due to misunderstanding be- 
tween operators and designers of what the real requirements are. 
An operator who has been in the habit of using variable speed 
d-c. motors has naturally grown into the habit of thinking of a 
variable speed motor as one with adjustable speed shunt charac- 
teristics, and has possibly been led to assume that it 1$ essential 
for the successful performance of his service that a motor should 
have those characteristics. If a prospective motor application 
is looked into strictly on this basis, the designer must usually 
give the answer that it is either impossible to meet the require- 
ments, or that the combination of motor and controller would be 
too expensive to be acceptable. In many cases where these 
motors have been investigated and where it was believed that an 
a-c. motor to be acceptable must have the characteristics of a 
d-c. shunt motor, it was found later that the relations between 
speed and torque which are characteristics of the simplest form 
of variable speed a-c. motor serve the purpose just as well. 

A number of important motor applications have been made in 
this way, for instance, spinning frames and printing presses, 
and there is no doubt, that many more industrial applications of 
similar character will be found. On the other hand, it is recog- 
nized that there are motor applications such as machine tool 
drive, where adjustable constant speed is essential. The prob- 
lem of meeting this requirement with a-c. motors has already 
been solved in several ways. [tis expected that adjustable speed 
motors will be found valuable in such cases, whereas the cost will 
necessarily be a good deal higher than that of the corresponding 
variable speed motor with series characteristics. The use of an 
adjustable speed shunt motor should, therefore, never be ad- 
vocated unless it is definitely proven that the simple variable 
speed motor with series characteristics would not be suitable. 


SYNCHRONOUS MOTORS AND THEIR CHARACTERISTICS IN CONNEC- 
TION WITH THEIR APPLICATION 


C. J. Fechheimer: For many years the synchronous motor 
was not looked upon as a desirable motor for the drive of other 
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machinery, nor even for power factor correction, because of 
three features which were considered objectionable. These were 
(1) difficulty in starting; (2) the tendency to hunt; (3) the neces- 
sity for using direct current excitation. 

Of these three objections, the first was probably of greatest 
moment. For many years, an auxiliary machine was generally 
used to start the synchronous machine, and when the motor 
was brought up to speed, it was synchronized, lamps or a synchro- 
scope being employed. In recent years, however, successful 
efforts have been made to make the motor self-starting and 
surprisingly gratifying results have been achieved. It is even 
possible so to proportion the motors that the starting character- 
istics in breaking from rest are as good as those which obtain 
in squirrel саре induction motors for the corresponding ratings. 
As will be subsequently pointed out, it is not always desirable 
to, secure such starting characteristics. 

The application of squirrel cage windings to laminated pole 
rotors, or the use of solid poles, not only secures good starting 
characteristics, but also practically eliminates the tendency to 
hunt. In fact, when modern synchronous motors are installed, 
little ог no thought is given to the hunting tendency. This 
improvement in synchronous motor operation is partly due to 
the use of steam and water turbine drive for generators and to 
improved transmission line design. 

Most of the large stations have direct current busbars, so that 
no additional equipment is needed to excite the synchronous 
motors. In installations in which there is no source of direct 
current immediately available, the exciter is frequently direct- 
connected to the synchronous motor, and the exciter, as well as 
the motor, are started as one unit. By the time the synchronous 
motor reaches synchronous speed, the exciter will have generated 
sufficient electromotive force to excite the fields of the synchron- 
ous motor. This alsoapplies to synchronous motors driving 
direct-current generators, in which case the generated direct 
electromotive force if not too high, may be used as exciting 
electromotive force. 

In order thoroughly to understand the applications of synchron- 
ous motors, we shall point out the limitations in ratings and 
capacities, and in order to indicate the advantages which may 
be obtained by use of synchronous motors in some applications, 
we give a set of curves of the motor's characteristics. 

The synchronous motor, as its name indicates, necessarily 
runs at constant speed, after it has been synchronized. No 
developments up to the present time have indicated that it 
is at all adapted for use as an adjustable speed motor. One of 
its advantages is that its speed remains fixed, irrespective of the 
load or excitation, until the break-down point is reached, as- 
suming constant frequency. Like the induction motor, but 
unlike the direct current motor, the break-down point in torque 
depends upon the proportions in the motor, upon the load which 
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has been applied, and upon the impressed electromotive force. 
Unlike the induction motor, however, there isno falling off in 
speed, up to the break-down point and the pull-out point in 
regard to load can be altered, not only by the magnitude of the 
impressed voltage, but also by the amount of exciting current. 
Most commercial synchronous motors are su designed that they 
will have approximately double normal torque at the pull-out 
point, when the excitation required for normal operation is 
applied. It is seldom that more than this is demanded. 

While the starting torque of the synchronous motor may be 
made equal to that of the squirrel cage induction motor, the 
torque falls off rapidly as synchronism is approached, as will 
subsequently be pointed out. Hence, if the motor is to start 
certain kinds of apparatus which demand large torque near 
synchronous speed, such as fans, or centrifugal pumps, this 
characteristic may be one limitation. 

In the synchronous motor, as in nearly all electrical machinery, 
the principal limitation other than magnetic saturation is temper- 
ature rise. If the motor is to be used for power factor correc- 
tion, it frequently happens that it must be made larger than would 
otherwise be necessary, owing to the limitation imposed by 
the temperature rise of the field coils. 

If the field coils are insulated between turns or to ground 
with organic fibrous material, such as paper, cotton, or linen, 
it is important for the operator to observe the temperature rise 
in them, especially if the tendency is to over-excite them. Не 
may conveniently note the change in voltage required to send 
the exciting current through the field coils, and therefrom cal- 
culate the temperature rise. If non-combustible material such 
as mica or asbestos were used for insulation in the fields, the 
operator need not be alarmed regarding the temperature rise of 
that member, except in so far as the stator temperature may have 
been influenced thereby. If the stator be insulated with fibrous 
material between turns or to ground, it is important that tempera- 
tures below the charring point of such insulation be maintained. 
Otherwise, a serious breakdown and short-circuit may occur, 
resulting in temporary disuse of the apparatus. In the smaller 
sizes of synchronous motors, rotor temperature rise 1s usually a 
very serious limitation; so much so, that up to approximately 
75 h.p., the induction motor is smaller and cheaper. It is also 
considered an extra complication to have direct current excita- 
tion for small units. The field of application of small synchron- 
ous motors is consequently limited. 


CHARACTERISTIC CURVES 


The most useful curves, and also those which are most easily 
determined from test are the open circuit saturation and short- 
circuit curves. То these should be added in order of importance 
the zero power factor saturation curve, with leading current. 
From these the load saturation curves at other power factors 
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may be determined. In Fig. 25 are shown these, as well as the 
lagging current zero power factor and core loss curves. From 
the saturation curves we may read the exciting current required 
for the load and power factor corresponding to normal impressed 
voltage. In Fig. 26 are drawn V curves which show the varia- 
tion of alternating current with exciting current. On these, 
curves may be plotted along which the power factor is constant. 
In Fig. 26 are shown the minimum current, or approximately 
unitv power factor, the 80 per cent leading and 80 per cent 
lagging power factor curves. 

The other curves which are of value are those which pertain 
to synchronous motors during starting. In a paper* by the 
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author published nearly three years ago, Fig. 7 illustrates the 
characteristic curves during acceleration with fields short-cir- 
‘cuited and with squirrel cage winding. Fig. 8 shows similar 
characteristics with fields open-circuited and with squirrel cage 
winding. Fig. 9 gives results obtained with squirrel cage wind- 
ing removed and fields open-circuited. "These curves illustrate 
the marked effect of the squirrel cage winding in producing 
torque. In Fig. 10 are plotted curves of a solid pole machine with- 
out squirrel cage winding and with fields open. All of these 
curves show that the torque drops off just before synchronism 
is reached. Іп order to increase the torque near synchronism, а 


*Self-Starting Synchronous Motors, "Бу C. J. Fechheimer. TRANS- 
ACTIONS А. I. E. E. 1912, Vol. XXXI, page 529. | 
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small amount of direct current may be caused to flow in the 
fields, which may be of material assistance. Figs. 11 and 12 
show the effect thus secured, and indicate that there is a certain 
critical value which will produce a maximum torque at a definite 
speed, and that to obtain such maximum torque, the direct 
current should be increased as the speed increases. Below a cer- 
tain speed any value of direct current decreases, instead of in- 
creases, the torque. It is interesting that a synchronous motor 
will lock into synchronism, if the load be not excessive, without 
any excitation, and will then run as a synchronous motor receiv- 
ing alternating-current excitation from the stator. 


AMPERES PER TERMINAL 


FIELD AMPERES 


Fic. 26 


Oscillograms Figs. 2 to 5,in Mr. Е. D. Newbury's paper*, when 
studied in connection with Figs. 7 to 12 from the author's former 
paper, convey a clear picture of the phenomena from stand-still 
to synchronism, of the transients produced by the varying reluct- 
ance of the magnetic circuit due to projecting poles; and those 
caused by temporary changes in connections. There may be a 
tendency of the synchronous motor, when its fields are short- 
circuited, to refuse to accelerate beyond half speed. The remedy 
lies in opening the field circuit, after which the motor will usually 
accelerate without further difficulty. 


““Тһе Behavior of Synchronous Motors During Starting." А. I. E. E. 
1913, Vol. XXXII, page 1509. 
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OPERATING FEATURES 


It is now general practise to start synchronous motors by 
applying to the stator, voltage lower than normal. This is 
generally accomplished by means of auto transformers from which 
suitable taps are brought out. The connection is usually made 
through oil switches at the switchboard. It is possible, however, 
when lowering transformers are installed, to bring taps from the 
secondary windings of such transformers, and start the motors 
directly therefrom. In a few limited applications, even with 
motors up to 500 h.p., when such motors are slow speed, it is 
possible to omit entirely the auto transformers and throw them 
over directly on the line. "This practise is not generally recom- 
mended, however, and should be employed onlv with the sanc- 
tion of the manufacturers. It is seldom essential to have more 
than one starting voltage, it being generally satisfactory to 
change connections from starting to full voltage, without any 
intermediate steps. In special applications, however, the 
manufacturer may recommend the use of intermediate steps, in 
conjunction with preventive impedance or other suitable arrange- 
ment. During the starting period, the voltage induced in the 
field coils is frequently quite high. То reduce danger from this 
source, in some installations, it is advisable to have the fields 
short-circuited, whereas in other installations, the fields may be 
left open. It 15 well, therefore, to accept the recommendations 
of the manufacturing company in regard to the field connections. 

As has previously been pointed out, the synchronous motor 
is not well adapted for the drive of other apparatus, when a 
small amount of power is required. The field of the synchronous 
motor lies: 

1. In the driving of machinery which does not require any 
speed adjustment. 

2. [п the driving of machinery where constant speed (as 
is consistent with nearly constant frequency) is important. 

3. In the driving of slow-speed machinery, for which induction 
motors are not applicable, due to their large size and low power 
factor. 

4. Initsability to compensate for reactive currents of other 
apparatus on the system. When thus used, mechanical power 


may or may not be supplied. 


This leads to a new classification, in which we shall endeavor 
to outline more specifically the kinds of machinery for trans- 
mission schemes in conjunction with which the synchronous 
motor should be operated. 

(a) The synchronous motor may be used to drive line shafting 
when the starting torque required does not exceed about 50 per 
cent of the normal rating of the motor. 

(b) The synchronous motor may be used to drive centrifugal 
pumps or fans when the pull-in torque demanded near synchron- 
ous speed does not exceed approximately 40 per cent of the nor- 
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‘mal rating of the motor, and use is made of a suitable low-resist- 
ance squirrel cage winding which decreases the starting and 
increases the pull-in torque. 

(c) The synchronous motor may be used to drive direct-current 
generators in motor-generator sets, especially 1п the larger sizes. 


(d) The synchronous motor may be used in conjunction 
with another synchronous machine, as to form a part of a 
frequency-changer set. 

(e) The synchronous motor is especially adapted for the drive 
of slow speed air compressors, since these generally require 
about 15 to 20 per cent of normal torque for breaking from rest, 
and there is seldom difficulty experienced in pull-in torque require- 
ments; furthermore, an induction motor for such slow speed has 
very poor power factor. 

(f) The synchronous motor may be operated idle for power 
factor correction only, in which case it is generally given the 
name of synchronous condenser. 

In any of the classifications from (a) to (e), inclusive, the motor 
may or may not be used for power factor correction. It may 
be operated at unity power factor or at leading power factor, 
depending upon service conditions. It should be understood 
that if the motor operates at leading power factor it must be 
suitably designed for carrying the increased current in the field 
coils, as well as in the stator coils. 'The ability not only to 
operate at unity power factor, but also to compensate for the 
lagging currents of other apparatus on the system 1s one of the 
most valuable features of the synchronous motor. If the motor 
is used as a synchronous condenser only, it is frequently found 
advisable to operate under-excited, with lagging current, when 
the load on the line is light, to compensate for the charging cur- 
rent in the transmission line. By means of suitable automatic 
voltage regulators, the excitation of the synchronous condenser 
may be adjusted with the load to maintain constant voltage at 
the receiver end of the line, or to secure such a load-voltage curve 
as may be found most desirable for the transmission service. 

In Figs. 27 to 32 inclusive, are shown some modern types of 
synchronous motors in various applications. Fig. 27 shows a 
1000-kilowatt motor-generator, the motor being wound for 11,000 
volts, three-phase, 60 cycles, 514 rev. рег min. Fig. 28 shows a 
synchronous frequency changer used for transforming 25-cycle, 
6300 volts, three-phase power to 623 cycle, 2700 or 5400 volt, two- 
phase, and is rated 2500 kilovolt amperes and operates at 375 
rev. per min. Fig. 29 shows an air compressor driven by a 
synchronous motor, and Fig. 30 shows the rotor of a synchronous 
motor used for air compressor drive. Fig. 31 shows the rotor 
of a synchronous condenser for a 15,000-kilovolt-ampere unit, 
and Fig. 32 synchronous machines which may either be driven 
by waterwheels, or operated as synchronous condensers for power 
factor correction. 
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SPEED REGULATION 


Е. В. Crosby: Апу investigation or discussion of the opera- 
ting characteristics of electric motors which overlooks speed 
regulation is hopelessly incomplete. The importance of this 
factor is so thoroughly appreciated, however, and the characteris- 
tics of the more common types of motors so well known, that were 
it not for material progress during the past year in more satis- 
factory methods of control I should consider an apology due the 
members of the Institute for speaking on this time-worn subject. 

All motors, whether designed for operation on alternating or 
continuous current circuits, readily fall into three distinct divi- 
sions when classified on the basis of speed characteristics. 

1st: Constant speed, that is, speed virtually constant indepen- 
dent of changes in load. The compound wound continuous 
current motor and the synchronous and squirrel cage induction 
alternating current motors are typical of this class. 

2nd: Variable speed—that is, speed constant for any given 
load but varying with changes in load. The series d-c. machine 
with armature control and the induction motor with phase 
wound rotor and external secondary resistance illustrate this 
class. 

3rd: Adjustable speed—that is, speeds adjustable over wide 
range at will of operator, each speed being constant, independent 
of load fluctuations. The one motor which as a single unit will 
fully meet these conditions is the d-c. shunt-wound motor with 
field control. 

For the a-c. representatives of this class it has been necessary 
until recently to accept a compromise in the form of a so-called 
multi-speed, changeable pole, induction motor, or the more com- 
plex arrangement of two such motors in concatenation. 

With the exception of certain machine tools which require 
strictly adjustable speeds throughout a wide range, and such 
applications as cranes, elevators, small hoists, etc., for which 
variable speed motors are usually satisfactory, the great ma- 
jority of industrial applications are successfully met with a 
constant speed motor. 

The many excellent characteristics of the induction motor 
together with the unquestioned advantages of a-c. systems of 
distribution have lead to its general adoption even in many 
instances where, from the standpoint of speed control alone, 
a d-c. motor with shunt field control would have been preferable. 

There is still a large and more highly specialized field in which 
the strictly adjustable speed motor must be employed for one or 
more of the following reasons. First, in certain processes as, for 
example, the finishing passes of mills rolling metal in small sec- 
tions, sudden fluctuations in speed render it impossible to pro- 
duce a uniform gage, which obviously results in loss of production. 
Again, it is often desirable to roll the metal at a higher speed than 
is permissible for entering the pass. It is therefore desirable 
and often imperative that the speed characteristics of the driving 
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motor shall be such that when the load falls off as the billet leaves 
the rolls the regulation of the motor will not permit its speed to 
automatically increase to values which render it impossible to 
enter the next billett. 

While variable speed motors, such as the series d-c. with arma- 
ture control or the induction motor with wound rotor and rheo- 
static control, may be satisfactory under certain conditions for 
driving mine fans, centrifugal pumps, centrifugal compressors, 
etc., so far as speed control 1s concerned, their operation at re- 
duced speed over long periods is accompanied by excessive power 
consumption due to the low efficiencies inherent with armature 
control. 

For such applications it has been necessary to resort to con- 
tinuous-current motors with shunt field control, though it is 
evident that ample incentive exists for the development of a 
simple, efficient and commercially practicable adjustable speed 
a-c. motor. The problem is to design one. 

Much has been done both in this country and abroad along 
this line, and the results obtained indicate an early solution 
of the problem at least in motors of relatively small capacities. 

In a short paper on ‘‘ The Economic Speed Regulation of 
A-C. Motors for Driving Mine Fans " presented at the annual 
meeting of the Mining Section of the Institute in Pittsburgh 
in April 1913, I had the pleasure of describing briefly a system 
of adjustable speed control for induction motors which, origi- 
nally developed abroad, has been modified and perfected to meet 
American requirements. To distinguish from armature or 
rheostatic control this system was then designated and will be 
referred to as dynamic control. 

Since that time nineteen of these auxiliary speed regulating 
equipments have been or are now being installed and are in 
successful operation for driving: mine fans and main rolls in 
steel mills. One of these equipments makes use of the rotary 
converter method mentioned below, the remaining eighteen 
involve a somewhat simpler equipment in which a three-phase 
commutator motor rcplaces the auxiliary rotary and d.c. 
motor of the former method. 

Both methods are applicable to induction motors with phase- 
wound rotors and each accomplishes practically the same re- 
sults, viz: strictly adjustable speed control of the main in- 
duction motor at relatively high efficiency and any desired 
power factor up to unity or even leading, throughout the range 
of speed for which it is designed. 

Broadly speaking, the commutator motor method 1$ the less 
expensive for 60-cvcle equipments requiring speed regulation 
up to 30 per cent or for 25-cvcle equipments requiring regula- 
tion up to 50 per cent. For greater range of regulation present 
data would seem to indicate the desirability of the rotary con- 
verter method on account of limitations in design of the com- 
mutator motor imposed by the higher frequencies encountered 
as the speed of the main motor. is reduced. 
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Incidentally I mav say that in view of the fact that the cost 
of the synchronous converter method of regulation does not differ 
greatly from the cost of a standard motor-generator and direct- 
current motor with shunt field control, I believe there is little 
if any reason for installing the more complex synchronous con- 
verter system of speed control. 

This is not the occasion for an extended discussion of the 
theoretical considerations involved in the design of auxiliary 
speed regulating sets and the following brief remarks are for 
those interested in the practical aspects of the problem of ef- 
ficient speed control of a-c. motors. 

The induction motor may well be considered as a simple 
static transformer in which the secondary is free to rotate. 
With the phase-wound rotor blocked and a definite impressed 
primary frequency and potential, the same frequency, and a 
potential determined bv the ratio primary to secondary turns, 
will appear at the slip rings. If the secondary is free to rotate 
the frequency and potential at the slip rings will approach zero 
as the speed approaches synchronism. A series of speed-torque 
and speed-current curves may be plotted for such a motor for 
each value of secondary resistance. It is therefore like a series 
direct current motor in that its speed varies with the load up 
to synchronism. Its efficiency is approximately proportional 
to the reduction in speed since the secondary losses are always 
equal to the ratio of slip to speed times the shaft horse power or 


EN 
1-5 


If, therefore, we can devise a means of transforming this 
slip energy at varying voltage and frequency and return it to 
the system at line frequency and voltage, at the same time 
automatically substituting the necessary effective resistance in 
small increments to bring the speed back to the desired value 
with each change in load we shall have achieved the required 
adjustable control at relatively high efficiency. 

With the commutator motor method of dynamic control the 
main motor is started and accelerated in the usual manner with 
automatic current limit. Upon reaching some predetermined 
speed the commutator motor is automatically substituted for 
the accelerating resistance. The commutator motor which 
forms one unit of a two unit motor generator is excited from the 
slip rings of the main motor and because of its series speed 
characteristic drives the second unit, which is a standard squirrel 
cage induction motor, slightly above svnchronism, causing it 
to operate as an induction generator and return to the system 
to which it is connected the slip energy of the main motor less 
the losses in the motor-generator. 

Perfect speed control is obtained for the main motor by 
manipulating a small three-phase rheostat in the exciting cir- 
cuit of the commutator motor. Strengthening this field re- 
duces the speed of the main motor, and conversely. 


X h.p. = secondary losses. 
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It may assist in getting a clearer physical conception of the 
manner in which this is accomplished to recall the speed-torque 
characteristics of the induction motor. When running under 
given conditions of load and secondary resistance the speed 
and slip ring voltage are fixed. Conversely, if the slip ring 
voltage is constant and the effective resistance varied inversely 
as the load, the speed will remain constant. 

It is evident that any sudden decrease in the load on the main 
motor, for example, produces an instantaneous tendency for 
the motor to accelerate to some speed corresponding to a lower 
slip ring voltage required to force just sufficient current through 
the secondary circuits to produce the new torque values and re- 
establish an equilibrium of electrical and mechanical forces. 

At the instant the load falls off, however, the excess slip ring 
voltage corresponding to the speed at that moment, maintains 
in the commutator motor a counter e.m.f. which is equivalent 
to an instantaneous corresponding increase in the effective 
resistance in the secondary circuit of the main motor. This 
increase in effective resistance automatically reduces the second- 
ary current to a new value corresponding to the new conditions 
of reduced load while maintaining the same voltage at the slip 
rings and consequently the same speed, independent of varia- 
tion in load. 

With the synchronous converter method the slip energy of the 
main motor is first transformed to continuous current which is 
supplied to a separately excited d-c. motor which in turn drives 
an induction motor-generator. Speed control is obtained by 
varying the field of the d-c. motor. The operation is practi- 
cally as described above except an additional unit and electrical 
transformation is required. 


INDUCTION Мотов CHARACTERISTIC CURVES 


А. E. Averrett: The normal induction motor is essentially 
a constant speed machine with shunt d-c. load and speed 
characteristics, but by modifications it can be made to approxi- 
mate a series d-c. motor by using a high-resistance rotor, or 
a limited adjustable speed characteristic by changeable pole 
connections—this latter includes the cascade connections of 
one or more motors. 

The general qualities of the constant speed induction motor 
are quite well known and are shown in Fig. 33; the starting 
and unstable portion of the curve is shown in dash lines, the 
stable and working range in full lines. 

. The efficiency and power factor curve is plotted to torque 
instead of the usual horse power abscissa so the length of the 
diagram expressed in torque will be constant, as it is well known 
that the maximum torque of an induction motor at a given volt- 
age 1s constant and independent of the secondary resistance, 
the effect of a change in this resistance merely changing the 
position at which the maximum torque occurs; it is also well 
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known that within the limits of saturation the torque is pro- 
portional to the square of the voltage. 

The effect of increased secondary resistance on the efficiency 
at reduced speeds is readily seen; for instance, at a torque of 
2.4 the slip is 2 per cent, the efficiency 92, at the same torque 
with a slip of 4 per cent the 
efficiency is 90, similarly if 20 per 
cent slip is required it wil! become 
74 per cent, since the torque 1$ 
constant and the speed reduced, 
the horse power output is re- 
duced proportional to the speed, 
the power factor and current 
remaining constant. 

Fig. 34 shows starting and 
accelerating curves of the same 
motor with a variable-resist- 
ance secondary which may be 
5 : : ‚ either a phase wound with 
TORE HIN external resistance or different 
Fic. 33 squirrel cages of fixed, moderate, 
| ог high resistance. 

This curve shows more clearly the effect of resistance in the 
secondary on starting torque and current. 

The standstill position has a slip of 100 per cent, above 100 
per cent the rotation is negative although the slip is positive 
and corresponds to a frequency changer consuming power, and 


TORQUE х 104 


therefore can be used for magnetic braking by reversing the 
Primary lines. At a negative slip and a super-synchronous 
speed the torque becomes negative and therefore instead of a 
motor we have an induction generator returning power to the 
line; at normal frequency the torque curves above synchron- 
Ous speed are approximately symmetrical with those below 
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synchronism and therefore the power output as a generator is 
greater than as a motor. This property is especially valuable 
on hoisting work to limit the hoist falling speed and return 
power to the line. . 

Zero slip is the critical point in regard to torque; at 100 per 
cent the motor rotation stops, but the torque continues positive 
and it is very convenient for investigation to continue the 
curves for large values of resistance and slip beyond the stand- 
Still point. 

The torque curves for various values of resistance are sym- 
metrical but shifted to the left directly proportional to the total 
values; for instance on torque curve 1 the maximum torque 
occurs at 73 per cent slip. Assume full load at 2.4 the slip 15 
2 per cent; at 35 per cent slip on the accelerating side we have 
just enough torque to overcome full load, showing that with 
minimum resistance the load could not be started. 

By doubling the secondary resistance the slip at the same 
torque becomes 4 per cent, the maximum torque the same, 
but at 15 per cent slip the full load point for acceleration 70 
per cent and the starting torque twice as large. 

Since the maximum torque is produced by a certain current 
the position of the current curve for maximum torque follows 
the maximum torque point; it is to be observed that both 
maximum torque and current in curve 3 are on the frequency 
generator side of the torque curve, that is, bevond 100 per cent 
slip. 

The same class of curves can be used for showing the effect 
of varving potential as used for starting squirrel cage rotors; 
the dash curves of torque and current corresponding to a 70.7 
per cent compensator voltage tap applied to curve 2, the start- 
ing torque being 50 per cent and starting current 70.7 per cent, 
that is the starting kv-a. on the line and motor being equal 
allowing for no compensator losses. 

Multispeed motors of the changeable pole type have similar 
torque, speed, and efficiency curves for each set of poles. 

Roughly Ц тау be said that resistance control of speed 
gives a series characteristic with constant power factor and 
efficiency proportional to speed. 

Changeable pole or concatenated motors, on the other hand, 
give approximate constant speed and efficiency with power 
factor proportional to the speed. Owing to complications in 
connections and the initial high cost this latter type is rather 
limited in application. 

The great majority of induction motors used in this country 
are of the squirrel саре {уре and where starting conditions 
are suitable they are almost ideal, but if much more than full 
load torque is required at starting the loss in running efficiency 
is objectionable, unless an excessive starting current is per- 
missible. For some classes of intermittent service it is practical 
to use squirrel cage motors which will start with the maximum 
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torque, but since all the losses are within the motor the heat- 
ing limit 1s soon reached. 

Under Operating Features the following points are of in- 
terest. Within the limits of saturation the output and torque 
are proportional to the voltage squared; this will usually hold 
for 15 or 20 per cent over or below normal voltage. 

The maximum torque at constant voltage 1$, roughly, inversely 
proportional to the frequency, provided the ratio of resistance 
to reactance of the motor is small. 

The effect of wave shape is usually slight, the principal 
effect of wave distortion 1$ to increase the running light current 
and slightly reduce the power factor. 

The effect of unbalancing either phase, voltages, or angles 
is to increase the heating and decrease the maximum output 
or torque; this effect is very important as a 15 per cent un- 
balancing on a good motor mav nearly double the heating. 

Single-phase operation of a polyphase motor will caus ethe 
motor to fail to start and produce dangerous temperature in 
the current-carrying phase; if the single-phase operation occurs 
during running conditions the motor may burn out due to 
excessive load or break down. "The maximum output of a poly- 
phase motor when operating on single phase 1$ slightly less 
than half. 

Small motors тау be thrown directly on the line but where 
large motors are treated in this manner there are apt to be 
serious surges on the line and unless the motor windings are 
extremely well braced there is apt to be injury to the insulation, 
due to crushing force of the magnetic reactions. 


BEARINGS 


Lee F. Adams: Bearings may be divided into two general 
classes, journal and thrust, depending upon the direction in 
which the load acts. In the journal bearing the load acts at 
right angles to the axis; in thrust bearings, parallel to the axis. 
The bearing surface of all journal bearings is necessarily cir- 
cular in cross-section while for thrust bearings it is ordinarily 
flat. 

Bearings are also divided into two classes by the kind of 
contact between the surfaces; that is, bearings having sliding 
contact, or ordinary bearings, and bearings having rolling con- 
tact, or ball and roller bearings. 

'The detail design of the bearing 1s very important. Provision 
must be made for anchoring the bearing metal and for adjust- 
ment to compensate for wear. Means must be provided to 
permit of adjustment so as to insure alignment. Both the 
bearing and journal must be strong enough to resist rupture 
under the heaviest load, and also must be stiff enough to prevent 
undue deflection. The space between the rubbing surfaces 1$ 
important. 

Chief among the materials which are used in the construction 
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of bearings are: Castiron. steel, gun metal, phosphor bronze, 
white alloys, aluminum alloys, lignum-vitae, and other hard 
woods. А good bearing metal must meet the following re- 
quirements: It must have strength enough to sustain its load; 
it must not heat rapidly; it must be easily worked; it must show 
a small coefficient of friction; it must have long life with small 
loss of metal due to wear; and in general, it will usually be dis- 
similar to the metal of the journal with which it is to run. This 
is broadly true except for hardened steel in contact with hardened 
steel, and castiron in contact with castiron. It 1$ claimed 
that wear 15 more rapid-and friction greater when the journal 
and its bearings are made from the same metal. 

The ordinary combinations of metals used for motor shafts 
and their bearings are as follows: 

Hard steel journals 1n contact with hatd steel bearings, used 
for high speeds and moderate pressures. It calls for expert 
workmanship, as both journal and bearing must be accuratelv 
ground and carefully aligned, and under these conditions the 
service is good. 

Hard steel journals with bronze bearings. This is a good 
combination. 

Hard steel journals with cast iron bearings. The cast iron 
takes on a glazed surface that makes a splendid wearing suríace. 
It 1$ an excellent bearing metal when properly lubricated. 
Sometimes the bearing surface 1$ sherardized. 

In general, hard steel is useful as it may be highly polished 
by becoming charged with the polishing powder. The polish 
is very desirable for a bearing surface while the powder re- 
maining in the pores of the metal would soon cause destruc- 
tion of the containing portion of the bearing. 

Soft steel journals with bronze bearings. This is а very 
common combination. 

Soft steel journals with babbitt bearings. This combination 
is the one most commonly used. 

Soft steel journals with cast iron bearings. This combina- 
tion 1s used in medium and light weight horizontal motors 
where the bearing pressures are small and the speeds low, and 
is also used for step bearings on vertical motors. Аз stated 
above, it is an excellent bearing metal when properly polished 
and well lubricated. Sherardizing is sometimes employed. 

Soft steel journals with aluminum alloy bearings. There 
seems to be a certain range within which this bearing is well 
adapted and gives excellent service. 

Soft steel journals with lignum-vitae and other wood bear- 
ings. This combination is used for guide bearings in vertical 
motors. 

Cast-iron with cast-iron. This combination is a great ex- 
ception to the disuse of like metals. It is employed for the 
step bearings of vertical machines; close-grained castings with 
highly polished surfaces must be used. 
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The great majority of motors use babbitt bearings. The 
white metal allovs are solid materials, composed of two or 
more items, such as aluminum, zinc, nickel, tin, lead, copper, 
antimony and bismuth in varving quantities and fluxed and 
alloved in various ways. Originally babbitt metal had опе 
fixed composition, being made up of 90 per cent of tin and 10 
per cent of copper and antimony. The last to make it expand 
when it cools and fills the mold; but at the present time the term 
babbitt metal signifies no definite composition, for there are 
babbitts made up according to three hundred different formulae 
on the market. Except for a few cases, but two babbits, one 

alead base allov, the other a tin base allov, each being the 
best that can be made, are required for a complete line of bear- 
ings, ranging in weight from a few ounces to several tons. 

Lead base babbitt is softer than tin base babbitt, as a general 
rule, and is cheaper because lead costs from one-quarter to 
one-fifth as much per pound as tin. It is readily appreciated 
that babbitt can cost anv where from the price of lead to the 
price of tin, depending on the proportions used. However, 
the cheapest kind of bearing metal which when properly lubri- 
cated will give efficient service, is equallv desirable, compared 
with the expensive metal which gives no better service. A 
successful bearing is attained onlv when the metals are melted 
slowly, thoroughly, without overheating, kept at a constant 
temperature while working, and poured properly at the correct 
temperature. Pyrometers should be used to control the tem- 
perature. 

However, other things than an unsuitable babbitt metal 
may cause bearing troubles. Failure of lubrication, an un- 
suitable lubricant for the pressure and speed conditions, or 
looseness of babbitt in the bearing shell, will cause trouble. 

All lubricants fall into three classes; oil, greases and solids. 
The oils are again divided into three divisions as regards origin; 
vegetable, animal and mineral. 

Vegetable oils commonly employed are linseed, cotton seed, 
rape and castor. These oils decompose at comparatively low 
temperatures and are used chiefly for compounding with mineral 
oils. 

Animal oils or fats ordinarily employed are tallow, neat's 
foot, lard, sperm, wool grease and fish oil. Like vegetable oils, 
they decompose at comparatively low temperatures and are. 
used chiefly for compounding with mineral oils. 

Mineral oils are all petroleum products, and form the whole, 
or the greater part, of most of the lubricants employed. 

Compounds of oils and fats containing sufficient soap to 
form a more or less solid mass at ordinary temperatures, are 
called greases. For very high pressures the solid lubricants 
are sometimes added to the grease. 

Solid lubricants used are dry graphite, talc and mica. They 
are employed only for slow speed work where the bearing 
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surface is restricted in area and the load to be carried is very 
large. Metaline is a solid compound, usually containing 
graphite, made in the form of small cylinders which are fitted 
permanently into holes drilled in the surface of the bearing. 
Bearings thus fitted will run without any other lubrication. 
Water has also been used as a lubricant.  Disintegrated graphite 
in oil or water has been used with success. 

The generally accepted qualifications of a good lubricant 
follow: 

First. Body (1.e., viscosity) enough to prevent the surfaces 
to which it is applied from coming in contact with each other. 

Second. Freedom from corrosive acid, of either mineral or 
animal origin. 

Third. As fluid as possible consistent with sufficient body. 

Fourth. Low coefficient of friction. 

Fifth. High “ flash" and burning point. 

Sixth. Freedom from all materials liable to produce oxida- 
tion or “ gumming." 

The examinations to be made, to verify the above, are both 
chemical and mechanical, and can only be made satisfactorily 
іп a laboratory. In the selection of a lubricant, the conditions 
unde; which they are to be used should first be approximated,— 
i.e., pressure, speed, and in some cases, temperature. It is 
the practise in many places to use the same oil for all machines, 
but this is due to failure in appreciating the value of different 
lubricants rather than economy. 

The point of application of the lubricant is of utmost im- 
portance, and the method of applying the lubricant to the 
journal sometimes matcrially affects the design of the bearing. 
The most common method of feeding lubricants to rubbing 
surfaces in motors are: Compression grease cups, wick or 
siphon feed, oily pad pressed against the journal, ой rings or 
chains, centrifugal means from an oil well, bath of oil, flooded 
and forced lubrication. 

Ring lubrication is the preferred form for most horizontal 
motors. The oil reservoirs, dimensions of rings, and oil grooves 
in the bearings must be carefully designed, as a defect in any one 
will materially affect the heating. A recent improvement is the 
substitution of a number of laminations instead of a single oil 
ring. This decreases the possibility of the oil ring sticking, 
because with a number of laminations it 1$ not probable that 
all of them would stick at the same time. 

Vertical motor step bearings are generally submerged in 
oil, and are provided with radial grooves in the journal which 
allow the oil to be forced over the bearing surfaces according 
to its shearing resistance, and at the same time to be circulated 
through the grooves by centrifugal force, the oil returning to 
the reservoir. Sometimes the excess oil from the step is taken 
up through the guide bearings and then returned to the reservoir. 
If very great pressures have to be carried at high speeds on step 
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bearings, the weight is usually supported on a film of oil or 
water, maintained by pressure, in which case grooving is not 
used. 

For large horizontal bearings, a foot or more in diameter, 
flooded.oil lubrication is generally used and water circulation 
is often necessary in addition to the oil lubrication in order to 
dissipate the heat. Where flooded oil lubrication is used, the 
bearings are constructed so as to catch all the oil, as it leaves 
the journal, and pipes carry it to a central receiver. A pump 
continually circulates the oil to the various bearings, and in 
the modern installations the oil is filtered and cooled during the 
circuit. This same process 1s generally followed when forced 
circulation is emploved. Compression grease cups and wick, 
or siphon feed lubrication are frequently used on small motors 
where the bearing pressures are small and the speed low. Waste 
bearings have been successfully used, at moderate speeds, for 
small motors for continuous service, and on larger motors for 
short time service. | 

Ball and roller bearings have been used in electric motors to 
a limited extent. In vertical motors they have been used in 
the step bearings and sometimes in the guide bearings also. 
In horizontal motors they have had a comparatively limited 
use, although the trend of public sentiment today is toward 
ascertaining the relative cost, considering lubrication and up- 
keep under the severe conditions that motors must meet. 

The friction of ball and roller bearings at moderate and 
high motor speeds is practically the same as the well designed 
babbitt bearing, on account of the fact that at these speeds 
the journal runs in a film of oil and not on the metal. It isa 
well known fact, however, that at low speeds the friction of 
ball and roller bearings is less than the babbitt bearing. The 
ball bearing generally used consists of an outer ball race, an 
inner ball race, and one or two rows of balls. In the produc- 
tion of a high grade ball bearing, attention must be given to 
the selection of the steel; to the selection and careful calibra- 
tion of the balls, their hardness and homogencity; to the hard- 
ening and tempering of the bearing races; and to accurate ma- 
chine work, close grinding and finishing. The carrying capacity 
varies with the number and size of the balls. Where ball re- 
tainers are used thev should be so substantial in construction 
as to be the last part of the bearing that fails. "This is particu- 
larly necessary in motor work. These bearings are usually 
made in various sizes, for a given bore, so as to cover a wide 
range of loads. Bearings of different manufacture are so ar- 
ranged as to interchange with bearings of other manufacture 
when the same series of sequent numbers is compared. 

The roller bearing consists of a series of rollers surrounding 
a shaft or axle and contained in a yoke or cage, for the purpose 
of holding the rollers in alignment. Inner and outer sleeves 
or linings are provided, оп which the rollers operate, Тһе ѕате 
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requirements for a good ball bearing apply equally to the 
roller bearing. These bearings are also made in various sizes 
for a given bore, thereby covering all reasonable conditions of 
length, load, and general requirements. Both ball and roller 
bearings are made to carry radial loads and for carrying thrust, 
either horizontal or vertical. 

Both ball and roller bearings must be carefully mounted, 
otherwise they are liable to make considerable noise. The 
balls must all be finished to exact dimensions, otherwise one or 
more balls would take all of the loan and probably cause the 
failure of the bearing. When one ball, or roller, is crushed, it 
always results in injury to the others, and frequently to the races. 
It is impossible to supply only one ball, or roller, to the bear- 
ing, because on account of the wearon the others, this new ball 
or roller would take all of the load andresult in failure of the 
bearing. The fact that ball or roller bearings need very little 
attention, often misleads users to think that no attention 
whatever is required after the bearing is once installed. Even 
the most careful mounting of the best ball or roller bearing 
attainable could not prevent this bearing from suffering severely 
through lack of proper attention towards maintaining perma- 
nently the properties of the lubricant, the exclusion of grit and 
water, and the cleanliness of the housing. The only requisite 
for a proper lubricant for ball and roller bearings 15 a chemically 
neutral lubricant, free from acid or alkali, and of such con- 
sistency that it will circulate freely. Oil is recommended for 
high speed, horizontal motors, and in most cases for vertical 
motors; whereas for low speed motors a good grade of grease 
is to be preferred. Ball bearings should, however, operate 
with any density of lubricant. 

In the application of ball and roller bearings, a very careful 
selection must be made, based on the power required, speed 
of the shaft, size and frequency of overload, and possibility of 
vibrations and shock. 

Step bearings may be ball or roller bearings, forced lubricated 
or pumped bearing or the collar bearing. The ball bearing 
may have either grooved or plain plates. The roller bearing may 
be the straight roller, parallel roller, or taper roller. The 
collar bearing is used considerably here and abroad. When 
the collar becomes so large that there is liability of buckling 
due to unequal heat, it is sometimes divided into segments. 
Collar bearings are also arranged in series somewhat like the 
steamship propeller thrust bearings. 


Motor CHARACTERISTICS 


С. A. Adams: I wish to emphasize two points relating to 
motor characteristics. First, it is often assumed that motors 
will commutate at any load because the commutating flux is 
assumed to be proportional to the current; but the curves 
exhibited this morning by Mr. Lanier show that the saturation 
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of the commutating pole takes place at a much lower current 
than is ordinarily assumed, chiefly because of the very large 
magnetic leakage. There 1$ thus a perfectly definite upper 
limit, a certain percentage of overload, beyond which the ma- 
chine will not commutate satisfactorily, and just as much care 
should be taken in applying a commutating pole motor to a 
service which requires excessive overloads for short periods as 
there is in the case of a non-commutating pole motor. There 
is a commutation limit in each case, which should be clearly 
understood as between manufacturer and user. 

The second point relates to methods of obtaining several 
speeds from induction motors by either changing the number 
of poles or by concatenation. In the first case the motor 
characteristics are sure to be poor at one speed or the other, 
usually at all speeds; either the reactance or the exciting 
current or both being excessive. 

In the case of concatenated or cascade-connected induction 
motors, both the reactance and exciting current double up, 
i.e., they add together, so that the stalling torque at concaten- 
ated speed is about half that of the two motors separately oper- 
ated. The power factor is also very low. These defectsare 
not usually fully realized by engineers. 
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Discussion ON “ GRAPHIC METHOD FOR SPEED-TIME AND 
DIsTANCE-TIME Curves” (WooDRUFF), NEw York, Nov- 
EMBER 13, 1914. (SEE PROCEEDINGS FOR NOVEMBER, 1914). 

(Subject to final revision for the Transactions.) 

Selby Haar: In looking over this paper the thought occurred 
to me that since it is a graphical method it is open to the objec- 
tion to most graphical methods, namely, one must be very 
careful in the construction if the results are to be used for any- 
thing more than demonstration purposes. These methods are 
quite frequently used, not so much in railway work as in some 
other branches of the electrical industry, for obtaining guaran- 
tees to be used in contracts, and I have found that they cannot 
be relied upon closely enough for such purposes. 

С. О. Mailloux: Тһе subject of Prof. Woodruff's paper 15 
of special interest to me as a pioneer іп that line of technical 
work. І am the author of the paper (‘‘ Notes on the Plotting 
of Speed- Time Curves’’),* published іп 1902, to which reference 
is made in the paper under discussion. 

The art of making and using speed-time curves was not old 
in 1902, when my paper was written, for, as stated in the paper, 
the first time that speed-time curves appear to have been used 
in the technical studv of railway traction problems was in 
January, 1898, when they were used by Mr. S. T. Dodd and 
myself in an engineering study of and report upon the electri- 
fication of the Manhattan Elevated Railwav, made by us at 
that time. The first methods of plotting the curves were crude 
and laborious, and much time and patience were required to 
obtain practical results. Very little progress was made until 
1900, when the subject was taken up again by me in connec- 
tion with the technical study of certain electric traction pro- 
jects. The 1902 paper was written after working nearly two 
years in devising and applving methods of predetermination in 
electric traction problems. The paper, besides giving a rather 
comprehensive general discussion of the fundamental principles 
and considerations involved from the physical and analytical 
standpoints, sets forth diflerent graphical and other methods 
which had been devised and which had been used with satis- 
factory results, at that time, for plotting speed-time curves and 
the various other curves, especially those of train power, and 
energy, etc., designated in the paper as “ subsidiary " curves. 
That paper was the first publication of any kind on the subject, 
and it remained, for some vears, the only printed reference to 
it. Although it was a fairly complete résumé of the subject 
for its time—twelve vears ago—it does not and could not, of 
course, set forth the developments and modifications which have 
become known since that.time. For nearlv ten vears after 
the paper was presented, I continued to use and to develop 
graphical and other methods of predetermination in connec- 
tion with electric traction problems. Considerable publicity 
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was given by me to these later developments in courses of lec- 
tures delivered each year during that period at different en- 
gineering schools, and also in some lectures delivered in Europe. 

Many efforts have been made to find analytical methods of 
predetermination which will render unnecessary the plotting 
of curves of train-motion, train-power, energy, etc., as a function 
of time or distance. The difficulties to be overcome in order 
to accomplish this were mentioned by me in the discussion of 
Mr. F. W. Carter's A. I. Е. E. paper ('' Predetermination in 
Railway Work”), in 1903. I have, several times since then, 
had hopes of success, which were all, however, followed by 
disappointments; and so these curves still have to be plotted 
" point bv point," by the aid of graphical methods like those 
described in my paper or by modifications of them. 

The aim of all the methods and of their modifications is the 
same, namely, to reduce the amount of time and work required 
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to plot the curves. Now the part of the work that is most dif- 
ficult and that requires the most time, is the determination of 
the proper precise point at which each portion of a curve ends 
and the succeeding portion begins. There are many conditions 
to be anticipated and to be taken into consideration as causes 
of incidental or of necessary variation of the speed of a train 
OT а car in a given “тап” between two stations. At one point 
there may be up-grades which limit the speed attainable; at 
Other points, down-grades, which would make the speed rise 
too high; and at other points, curves, crossings and bridges 
which limit the speed allowable. In order to deal properly with 
all these independent variables, it is necessary to subdivide 
the total distance of a run between two stops into as many 
Portions as there are changes in road and service conditions in 
that run. Take, by way of illustration, a simple.run in which 
there are а few changes of conditions (Fig. 1). In the first 
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portion, А, the car, as it starts, runs on a down-grade of 1.34 
per cent for a distance of 0.036 mile; it then comes toa portion, 
В, 0.071 mile long, where the down-grade increases to 1.47 
per cent, which causes the acceleration to increase instead of 
diminishing; after that it comes to a portion, C, 0.101 mile 
long, on which there is an up-grade of 0.93 per cent; on the next 
portion, D, 0.057 mile long, there 15 ап up-grade of 1.23 per 
cent, and a curve of 5 degrees; the power is shut off and the car 
is allowed to coast so as to reduce the speed; оп the last portion, 
E, 0.071 mile long, the up-grade reduces to 0.13 per cent, and 
the car can continue to coast with less retardation than on the 
previous portion, because the road 1$ nearly level, until the point 
is reached, E', where the brakes must be applied to bring the 
car to a stop. The great difficulty, the time-consuming process, 
comes, as I already said, in finding where to cut these portions 
of a run, А, B, C, D, E, Е’, and in joining them properly to- 
gether. The diagram, when completed, (and, by the way, 
I prefer the term ''velocity-time diagram," or else “ V-T- 
graph ” to ‘‘speed-time curve ”), must satisfy an important 
mathematical condition, which is, that the area corresponding 
to any time-interval whatever between the beginning and the 
end of the run must be in definite and precise proportion to 
the distance passed over during that time-interval. This con- 
dition is expressed symbolically by a definite time-integral, 
thus: l 


the distance passed over in the time-interval /– / 
the velocity or speed at any instant of time, 4. 

a constant depending upon the scale of the diagram 
and the units of measurement employed for ve- 
locity, time, and distance. 


where 5 
7) 


К 


= D where L = a“ scale-factor ” 


Now this expression is nothing more nor less than the equa- 
tion of the so-called '' distance-time curve." Тһе quantity in- 
dicated by this definite integral is nothing more than the area 
of the diagram or portion thereof comprised in the time-interval 
t—t’, whether this time-interval be that of the whole run, or 
of any portion of it. The distance-time graph (which may be 
also termed “ space-time ” or “,5-Т” graph) plays a controlling 
role in the construction of the V-T graph. Indeed, the V-T 
graph could not be made accurately, if at all, without the in- 
formation which the S-T graph alone can furnish. Unfortu- 
nately, the construction of the S-T graph requires the use of 
some method of integration, either mechanical or graphical, 
and this is the very part of the whole work which almost every- 
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body has found most difficult and tedious. The reason for 
saying ‘“‘ almost” everybody will be given presently. Those 
who sought to remove the difficulties soon realized that it was 
not possible to do away altogether with the distance-time graph, 
and that the most which they could hope to accomplish was to 
make a simpler and cruder form of S-T graph answer the purpose. 
The characteristic and seemingly novel feature of the paper 
presented this evening is an effort in this direction. 

As the method of plotting described in this paper 1s an off- 
spring of the ideas and methods set forth in my 1902 paper, 
we may begin by considering the points of resemblance and of 
difference between them. 

We will first refer to and compare the means used for finding 
" points " in the V-T graph, for plotting that graph; and we 
will then compare the means for finding the distances corres- 
ponding to the different time-points in the V-T graph. i 

Those who are familiar with this subject, and with the use 
of the charts of ‘‘ Coefficients ” and оѓ“ Reciprocals," described 
and illustrated in my 1902 paper (Figs. 9 and 10), will easily 
see that the same principles are utilized in the construction of 
the “ chart " shown in Гір. 1 of this paper. The theory of this 
portion of the method is the same in both cases. There are 
some modifications in details, which presumably were intended 
as improvements. Two of these deserve mention. The first 
one consists in drawing the curves of reciprocals (hyperbolas) 
on the same chart as the curves of tractive efforts correspond- 
ing to motor-power, grades, train-resistance, instead of drawing 
them on a separate chart, as recommended in ту paper. This, 
it happens, is just what I did myself at first. I soon found, how- 
ever, as others surely would, when working continuously for 
weeks and months at a time, in plotting V-T and other time- 
function graphs of train-motion, that while one may need and 
may have to prepare many dozens of diflerent charts of tractive 
efforts and acceleration coefficients to serve for different 
motors, gear-ratios, voltages, train-weivhts, etc., and also for 
different service-conditions, one single set of hyperbolas (''re- 
ciprocals’’), on a separate sheet, will suffice and will serve per- 
fectly well for all the charts of coefficients, and even for several 
persons working on this kind of work; and that, consequently, 
the reproduction of the hyperbolas on every chart is a pure 
waste of time and effort. 

In passing, I may say that the idea of “lumping in" the 
kinetic energy due to rotative parts by using 100 instead of 91.1 
as a constant, is not to be recommended for accurate work, in 
view of the fact that this kinetic energy is never constant, and 
may have values ranging between 3 per cent and 11 per cent. 
It is better, in my opinion, to make the correction for rotational 
kinetic energy separately, and to make it correctly, for each case, 
especially as it can be done very easily, indeed on a “ Chart of 
Coefficients " made as shown in Fig. 9 of my paper, by the 
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addition of one line. The second modification consists in 
replacing the curve of tractive effort as a function of the speed 
(curve M in Fig. 9 of mv 1902 paper) by two other curves, one 
giving the speed, the other the tractive effort, as a function of 
the current. Now, it is precisely from these two curves (which 
are shown in Fig. 5 of my paper) that the curve M in Fig. 9of my 
paper is derived; and these two curves, as used in the method 
described in the paper before us, serve identically the same pur- 
pose, namely, to give the tractive effort as a function of the speed. 
Hence, there is really no difference in the fundamental principle. 
The theory remains exactly the same; only, in my case, the work 
of obtaining from the two curves in question the values of the 
tractive efforts as a function of the speed is performed at the out- 
set, once for all. The curve of these values, which 1$, Бу the wav, 
a very important and useful curve, is plotted on the chart itself; 
whereas the author of the paper has to obtain the values of trac- 
tive effort from the two current-function curves for each point 
of the V-T curve, which makes the work of using the chart and 
the chances of error both greater. "There are at least two prac- 
tical objections to the innovation; first, two distances have to 
be measured, one horizontally, the other vertically, to obtain 
the value of gross tractive effort corresponding to any speed, 
prior to subtracting the loss due to train-resistance and up- 
grades, or to adding the gain due to down-grades (an operation 
which requires still other measurements, and, consequently, 
introduces more possibilities of error), whereas the curve M of 
the chart of coefficients (Fig. 9 of mv paper) not only gives the 
desired values directly for all speeds so they can be read off 
without dividers, but it even enables the sum or difference of 
the tractive efforts in question to be read off or measured directly 
at one operation; second, it is not possible with the chart shown 
in Fig. 1 of this paper to determine at a glance, as can be done 
so easily by means of the chart shown in Fig. 9 of my paper, the 
point of zero acceleration, and, consequently, the maximum 
speed attainable under any and all conditions of grades and 
train-resistance, also to determine the acceleration or retardation 
which will occur on anv given grades, etc., and to answer various 
other questions which the chart of coefficients can answer readily 
. and accurately by the curve M and the curve N (net tractive 
effort) as shown in my paper. The fact is that the curves M 
апа N give an actual graphical representation of quantities 
which are of immediate interest and importance, namely, the 
' gross ' and '' net ” tractive efforts as a function of the speed; 
whereas the two curves from which the curve M is derived give 
graphical representations of functions which are not of immediate 
but only of remote or incidental interest. In addition to this. 
the use of the curves M and N makes the operation of finding 
the points for plotting the V-T graph simple and more accurate 
than the method represented in Fig. 1 of the paper. The prac- 
tical value of the modifications just considered does not, therefore, 
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appear to be obvious. То me it appears, on the contrary, quite 
doubtful. 

A word of caution mav be added here about taking train- 
resistance formulas at their '' face value ”, or without discount 
or comment. Experience has demonstrated long ago that '' cir- 
cumstances alter cases ” very greatly in train-resistance; and 
that the formulas often require considerable change in form 
and in coefficients to make them suitable for different cases. А 
glance at the formulae mentioned in the paper shows readily to 
an experienced person that it is best suited for interurban lines 
running at high speeds on first class tracks, and wholly unsuited 
for lighter cars or trains run at lower speeds, on citv tracks. In 
practise 1t 1s necessarv to use several curves of train-resistance 
for the same motor-equipment per car or per train. Several 
sets of curves of tractive eflorts and train-resistance may be . 
drawn on the same chart. I have drawn as many as cight sets 
on the same chart of coefficients; but, as a rule, it 1s not desirable 
to put more than two or three sets on the same chart. It is 
better to make new charts, which is a very simple matter when 
blank charts are prepared beforehand, as recommended in my 
paper. 

The portions of the chart shown in Fig. 1, so far considered, 
relate to the process by which speed-time curves (or V-T' graphs) 
are plotted by a “ point-bv-point " process. In summing up 
what has been accomplished in connection with this portion of 
the subject in the last thirteen vears, I feel quite warranted in 
making the statement that all the methods of '* point-by-point ” 
plotting of V-T grapks which have proved satisfactory and 
practical are based upon and embody the ideas and the essential 
features set forth in my 1902 paper. At any rate, although I 
have kept in close touch with this work, I have yet to learn of a 
successful method which is not patterned on the lines therein 
suggested; and, usually, the modifications, if any were made, 
were not of material importance or advantage. Most of those 
who have done work and who have written оп this subject have 
acknowledged the original source of the ideas and features 
adopted. [п other cases there has been a scemingly studied 
silence on that score; and I have had the interesting experience 
of seeing my own methods, with practically no modification or 
disguise, explained to me bv persons who had learned about them 
in Germany and believed that they had—in fact must have— 
originated there. It was a case where the label ‘‘ Made in Ger- 
many " should have read “ Copied in Germany, from the original 
American model ". 

We come now to the operation of cutting off V-T graphs, or 
portions thereof, at the proper time-points. We find here a 
marked divergence in views and in methods. The methods 
described in my 1902 paper involve the accurate mechanical 
integration of the actual V-T graph, and the drawing of its 
integral-graph—the distance-time graph— which is represented 
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by the equation to which reference was made a few moments ago. 
The method shown in Fig. 1 of the present paper aims to obtain 
the time-points of distances by a process of graphical integration 
of a modified and simplified V-T graph, in which the instan- 
taneous velocities during a certain time-interval are replaced by 
an “ average " velocity for that time-interval. 

While this part of the work, as already stated, has been found 
very difficult and tedious by almost everybody, yet, paradoxical 
as it may seem, it is regarded by others, including myself, as 
being the easiest and most interesting part of the whole work. 
The explanation of this difference is simple enough. It is the 
difference, merely, between, on the one hand, trying to dodge 
or shirk the task of performing an operation of integration, and, 
on the other hand, making arrangcments to do it very accurately 
while doing it easily and quickly—it amounts to a question of the 
facilities available for the mechanical integration of the V-T 
graph, and for drawing its integral line—the distance-time graph. 
Where the proper integrating facilities are available, there cannot 
be the least doubt that the most accurate, as well as the easiest 
and quickest method of finding the definite time-points which 
correspond to given and determinate distances іп V-T graphs, 
is by drawing the integral lines of these V-T graphs and by mak- ` 
ing use of them in the manner set forth in my 1902 paper. All 
those who have done the work or who have seen it done in the 
proper manner by this method, understand fully why the work 
is both easy and interesting, and why the method is both rapid 
and accurate; and they also can see the drawbacks and difh- 
culties of all methods which aim to simplify the integral-line of 
the V-T graph or to avoid drawing it. 

I realized at the outset, in entering upon this work, the im- 
portance of having at hand a satisfactory integrating apparatus 
by whose aid integral lines could be obtained quickly and ac- 
curately. Fortunately, such an apparatus was already available 
in the form of an integrating instrument called the “‘ integraph ”, 
which, as stated in my 1902 paper, “іп addition to giving the 
numerical results of the integration, actually shows the steps 
of integration graphically by drawing the so-called ‘integral’ 
line". The time required to draw, with an integraph, the in- 
tegral line corresponding to any area is no greater than that 
required to follow with the tracing point of the instrument the 
outline of the diagram to be integrated. The “ scale ” of the 
integral line can be as easily varied as the “scale ” of a planimeter, 
so that it is easy to adapt the area-units exactly to any co- 
ordinate paper, and even to make corrections for the difference 
in various papers due to shrinkage, humidity, etc. The in- 
tegraph 1s in every sense an instrument of precision as well as a 
great time and labor saving device, of the highest value in work 
of this kind. Іп one series of predeterminations made under my 
direction, covering a period of about six months, one integraph 
saved over ten times its cost, and greatly shortened the time 


1914] DISCUSSION АТ NEW YORK 2811 


required for the work, besides adding very greatly to the pre- 
cision of the work done. It is by the aid of this wonderful in- 
strument that the otherwise difficult and tedious tasks are 
rendered easy and interesting. It is important to bear in mind 
that there are other integrations to be performed besides that 
of the V-T graph, for which the integraph can be also used to 
great advantage. As is well known, the V-T graph itself is, in 
reality, merely what might be termed the foundation and scaf- 
folding for the structures which are of real importance and sig- 
nificance, namely, the “‘subsidiary ” curves, like those of current 
апа power input, energy, etc. Now the energy-time curve, 
representing kw-hours, is the integral curve of the power-time 
curve representing kw-input. In Fig. 5 the energy-time curve, 
shown on the upper part of the diagram, was drawn directly by 
the integraph by the integration of the kw-input curve which is 
shown on the lower part of the diagram. The curve was drawn 
in a few minutes, whereas it would have required several hours 
to obtain the same curve by any other process of integration, 
with probably much less precision. The utility of the integraph 
does not end here by any means. For determining, from the 
current-input curve, the equivalent ‘ heating " current, ог the 
r.m.s. value, it is a most valuable labor-saving appliance. The 
manner in which the integraph is emploved for such predeter- 
minations will be found describedina special paper onthatsubject, 
presented by me at the Turin Electrical Congress in 1911 (see 
Proceedings of Turin Electrical Congress, II, pp. 990-1016). 
A graduate-student who attended one of my courses of lectures 
and of drafting-room instruction and exercises in predeter- 
minations by the aid of the integraph, informed me at the end of 
the term that he had done easily in less than two weeks more and 
better work than he had been able to do in about two months 
some time before, while employed on the same kind of work in 
the railway engineering department of one of the large com- 
panies. This is a fair sample of the results which indicate that 
the best method is the cheapest. Usually those who have this 
sort of work to do have enough of it to make it economical to use 
an integraph as a time and labor saving device, besides improving 
the quality and precision of the work done. 

I have with me some specimens of V-T and other graphs that 
show the kind of work done by my methods with, of course, the 
aid of theintegraph, which I consider indispensible for high grade 
work. Ilalsohave some diagrams specially prepared to illustrate 
certain points in the comparison of different methods. 

I will first show how easily the operation of cutting off and 
joining portions of a V-T graph can be performed by the aid of 
the integral-graphs drawn by the integraph. I will describe the 
process whereby the different portions (A, B, С . . . E) 
of the V-T graph already referred to (Fig. 1) were constructed 
and joined together. Fig. 2 shows the details of construction 
for portion A only. Fig. З shows the details for all the portions. 
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Starting with portion A, the first step was to find the co- 
ordinates of a certain number of points for this portion of the 
graph. This was done by the use of charts of “ coefficients " 
and of “‘ reciprocals ” in the manner described in my paper. The 
diagram of acceleration and retardation coefficients used must, 
of course, be that'suited for the particular motor-equipment 
and service-conditions of the case; and it must be specially 
prepared when not already “in stock ". In an office where much 
of this work 1s done, the stock of graphs of acceleration and re- 
tardation coefficients is being constantly increased by additions 
made from time to time to meet new conditions and require-- 
ments, such as changes in type and size of motors, or in h.p. and 
tractive effort available per ton of 
train, also changes in gear-ratio, 
voltage, etc., and changes in train- 
resistance due to difference in track 
conditions, length and weight of train, 
etc. If all the charts of coefficients 
prepared are preserved they consti- 
tute, in time, a large assortment of 
charts covering a great range of con- 
ditions and requirements. As already 
stated, only one chart of reciprocals 
is necessary for any and all the 
charts of coefficients, provided the 
latter are all made to the same scale. 

Using a chart containing the proper 
curves of acceleration and retardation 
coefficients, t.e., the proper curves of 
motor tractive efforts and train re- + 
sistance as a function of the speed, * 
and proceeding in the simple manner § 
explained in my paper, the co-: 
ordinates for the initial portion of a 
V-T graph are then found for portion 
A, which, as the data given on the 
diagrams indicate, (Figs. 1 and 3) is 
on a " down " grade of 1.34 per cent. While each point may 
be plotted from its co-ordinates as soon as these are obtained, 
it saves time to defer doing it until the co-ordinates for а 
number of points have been obtained. When several per- 
sons are emploved on the same work, one may find the co-or- 
dinates while another plots the graphs. The points for which 
co-ordinates were obtained in this сазе are indicated by small 
circles. The co-ordinates are determined so easily and so rapidly 
that there is no objection to plotting the graph considerably 
beyond the point at which a rough estimate indicates that the 
portion willend. The V-T graph for the portion A was plotted 
only a short distance beyond the right point a in Fig. 2, but a 
considerable distance beyond that point, b, in Fig. 6. 
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After a portion of V-T graph of more than sufficient length 
has been plotted and drawn, in pencil, the next step 1s to find the 
point a, at which the portion A ends. We begin by adjusting 
the integraph to the desired scale, so as to obtain an integral 
line whose ordinate at any time-point, when measured Буа 
scale, will give the exact distance covered, up to that point. 
When the same co-ordinate paper has already been used, and the 
scale-factor for the integraph 1s known, the adjustment can be 
made directly. When the scale-factor is not known, the proper 
adjustment may be obtained by drawing, a number of times, 
the integral curve for a certain definite area of V-T' graph cor- 
responding to an exact distance, and varying, each time, the 
adjustment, until an integral graph is obtained of the exact scale 
desired. In Figs. 2 and 3 the scale used for ordinates was 1 mi. 
per hr. = 0.2 in., and the scale used for abscissae was 1 sec, = 
0.1 іп. А distance of 1 mile corresponds to a velocity of 1 mile 
maintained during one hour (3600 mi-sec.), and this would 
correspond on the V-T graph to an area of 0.2 X 0.1 x 3600 = 
72 5а.1п. Тһе same area, for a velocity of 18 mi. per hr., or an 
ordinate height of 3.6 in., would correspond to an abscissa value 
of 200 sec. or 20in. Taking a distance of 0.1 mile and a velocity 
of 18 mi. per hr., the time required is 20 sec. The scale of dis- 
tance adopted in Fig. 2 and 3 was 1.25 in. = 0.1 mile; hence 
the integraph required to be adjusted so as to draw an integral 
line whose ordinate at [= 20 sec., is = 1.25 in. when the area 
integrated is exactly 7.2 sq. in. The scale-factor should there- 

7.2 


fore be = 1.25 = 5.76. This means that in the equation 


when S = 1.25 and V and T are both expressed in inches, then 


1 1. А | 
К = @ = 576 the co-ordinate paper used is accurately 


divided and requires no correction. In most cases some cor- 
rection is required, as the co-ordinate paper or tracing cloth used 
is seldom exactly right; and the precise values of K will be either 
greater or smaller than the theoretical value. 

Іп Fig. 2 the inclined right line О S in the lower part of the 
diagram is the integral line or graph which was drawn by the 
integraph when its tracing point was moved, in the upper part 
of the diagram, along the lines O-18, 18-A and A-20, which 
represent a V-T graph of constant velocity = 18 mi. per hr., 
and when the scale-factor L of the instrument was exactly right 
for the co-ordinate paper used. The ordinate of this integral 
line at / = 20 is exactly equal to 0.1 mile by the scale of dis- 
tance. The V-T graph of constant velocity = 9 mi. per hr., 
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gives an integral line OS’ of half the slope of OS. The inclined 
lines Om and On show integral lines obtained instead of OS 
when the scale-factor, L, was respectively lower and higher than 
the correct value. Ав it only requires the movement of an 
adjusting screw to change the scale-factor and to draw a new 
integral line, the correct value of L can always be found very 
readily. The time required to make the adjustment is less 
than that required to describe it. In practise, the adjustment 
often remains unchanged for days and weeks at a time. After 
the instrument has been properly set for the paper and the scales 
employed, the next step is to integrate the actual V-T graph 
Oab (Fig. 2), and obtain its integral graph Oxy. Having done 
this, a horizontal line is drawn through the integral-graph at 
the ordinate height corresponding to the actual distance of 
portion A of the run, which is 0.036 mile. The abscissa of 
the point a’, at which the horizontal line intersects the in- 
tegral-line, represents the time at which portion A of the run 
ends; and a vertical line а’-а drawn through a’ will cut off 
the V-T graph exactly at the end of portion A. The process 
of cutting off the portion A is seen more clearly in Fig. 3, in 
the lower portion, where only the integral-graph actually neces- 
sary, Oa’, is drawn. The whole operation only requires a few 
moments. 

The next step is to obtain the co-ordinates for a number of 
points for plotting the second portion В of the V-T graph. 
The process for obtaining the co-ordinates is substantially the 
same as for portion A. In this case the up-grade increases to 
1.47 per cent, and the distance is 0.071 mile. We can start 
plotting the curve anywhere on the sheet, beginning with a 
speed that is somewhat under the speed at the end of the por- 
tion A. A portion of V-T graph is then plotted, counting time- 
values from the first speed-point used. The portion B, as 
shown in Fig. 3 begins with the speed of 12.3 mi. per hr., and 
continues until the speed of 19 mi. per hr. 1s attained (in about 
33 seconds). After the points have been plotted, and the graph 
has been drawn, the integral-graph for the whole portion plotted 
is drawn by means of the integraph; and the operation of cut- 
ting off, from the portion plotted, the precise part and portion 
required for portion B of the V-T graph, can then be performed 
very easily. Аз portion В is a continuation of portion A, the 
speed at its beginning must be exactly the same as the terminal 
speed of portion A. This speed, and the starting points of 
portion B are both easily found by the very simple operation 
of drawing through the end of portion A, at “а,” а line par- 
allel with the axis of time, to intersect the second portion of 
graph at b. This point of intersection b is the proper begin- 
: ning of the portion B of the run. From this point a vertical 
line drawn downward, b-b’, to intersect the second integral- 
graph, gives the “lower limit" b' of the definite integral 
representing the distance-time curve for portion B. То obtain 
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the “upper limit ” of the integration required, a line parallel 
with the time-axis is drawn through the point Б’, and from this 
line as a base a vertical distance 1s marked off, equal, by the 
scale of distance, tothe actual distance for portion B; and an- 
other line drawn parallel with the time-axis through the upper 
part of the distance just marked off, intersects the integral- 
graph at the point с’ corresponding to the “upper limit." 
A vertical line c'-c, drawn upward from с’, to*intersect the 
V-T graph, cuts it off at the proper ending point c. The 
portion b-c is all that is needed for portion B of the V-T graph. 
If desired, the useful portion can now be shifted to the left, so 
as to bring the point b on the point a, thereby joining the por- 
tions A and B together. All that is necessary is to transfer 
the plotted points of portion B to the left by means of dividers 
to a distance equal to a-b. А new portion of graph can then 
be drawn, by means of these points, and the other graph being 
no longer necessary, can be erased. If desired, the useful por- 
tion of the integral-graph can also be shifted so as to form the 
continuation of Oa’ from the point а’. As a matter of fact, 
the easiest and quickest way of making the shift is to integrate 
the useful portion b-c after its transfer, placing the integraph 
pencil or pen on the point а’, so as to make the integral line start 
from that point. The integraph will then draw the portion В 
of the integral graph in the correct relation with respect to that 
of portion A. 

Another plan is to leave the different portions of the run 
separated and to '' assemble " them afterwards on a '' tracing." 
This plan usually takes less time than the other. 

The process of plotting, drawing, and cutting off the useful 
portions of V-T graph for portions C and D is substantially 
the same as for portion В. In portion C the train, though run- 
ning with power, is losing speed, because it is on an up-grade. 
In portion D the power is cut off to reduce the speed, on account 
of a curve which exists on this portion of the run. In portion 
E the coasting continues on a nearly level track until a point 
is reached where the braking must begin in order to bring the 
train to a stop. Now the portions E and E' together represent 
the final portion of the run, which is 0.071 mileinlength. The 
important point is to find out the exact time at which the brak- 
ing must begin. This operation, which is usually very diffi- 
cult by other methods, is rendered very easy by the use of the 
integraph. Аз the rates of retardation attainable by braking 
are known, the ''slope"" of the braking portion of the V-T 
graph is also known. This portion can be drawn '' backwards ” 
from any convenient point. The coasting curve for the earlier 
portion E of this part of the run is plotted '' forward " in the 
usual way from any convenient point, and its integral-graph is 
drawn by the integraph. After the portion D has been properly 
cut off at both ends, its final point g determines the initial 
point h of the portion E by means of the horizontal line g-h 
in the manner already explained. The point й in its turn de- 
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termines the point h’ which is the lower limit of the useful por- 
tion of the integral-line for portions E and E’ together. The 
upper limit is then obtained by drawing a horizontal line at the 
proper distance (0.071 mile) above the line through h’. Now 
by integrating the braking curve ' backwards ” from the line 
of upper limit, the integral-graph of the braking curve will be 
drawn downwards from this line. Any horizontal line drawn 
between the upper and lower limits will intersect the integral 
lines for portions E and Е’. The distance from this line 
to the lower hmit will correspond to the distance for por- 
tion Е and the distance to the upper limit will correspond to 
the distance for portion E'. Now there is only one particular 
“level” at which this line will be correctly located; and this 
level is found quite easily by the aid of the two integral-graphs. 
We may begin by drawing a horizontal line at any level, be- 
tween the two limit-lines. Through the points of intersection 
25 7. of this line, with the integral curves A't and j’k, vertical 
lines i^ and jj are drawn to intersect the corresponding por- 
tions of the V-T graph. Now if the points intersected 1, 7 
by these vertical lines are at the same level, so that they can 
be joined by a horizontal line, then the line 1’ 7’ was located 
at the proper level; if not, the line 47! must be changed to a 
higher or lower level until the points 2, 7, come to the same level. 
Usually the proper location for the line 477! is found by two or 
three trials. In this case the correct location makes the coast- 
ing portion, E, 0.050: mile long, and the braking portion, E', 
0.021 mile long. The different portions may be '' assembled "' 
on the same sheet, by displacing or shifting their useful por- 
tions to the left in the manner explained in connection with 
portion B. The easiest way to “ assemble " them is by the 
operation of “ tracing ” from a sheet, like that shown in Fig. 3. 
The “ tracing ” of the completed V-T graph is as shown in Fig.1. 

Although it is more natural and usually more convenient to 
begin the plotting of a V-T graph bv the initial portion, yet it 
will be possible to begin the plotting at any other portion. In 
fact, each portion could be plotted on a separate sheet, and by 
a separate individual. The objection to this would be. that it 
would be necessary to plot a much longer portion, because it 
would not be so easy to determine between what speed limits 
the “ useful.portion ” of the V-T graph is likely to come. Itis, 
however, often necessary to plot certain small intermediate 
portions of a run Бу themselves, and also to do some plotting 
backwards. The necessitv for this is apt to occur for portions 
of a run where bridges and sharp curves occur, and where it is 
necessary to coast or put on the brakes in order to reduce the 
speed, so as to keep it below the limit allowable. А case of this 
kind is illustrated in Fig. 13 of ту 1902 paper. It is in cases of 
this kind that the superiority of the method just described over 
all other methods becomes evident. 

The run just considered 1$ of simple character, as compared 
with most of the runs which are typical of actual service con- 
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ditions. The conditions were arranged so as to give somewhat 
abrupt changes of acceleration and retardation at the point 
where the intermediate portions C, D, E, are joined together, 
so as to make the process of cutting off the portions more easy 
to illustrate. Figs. 6 and 5, reproduced from one of my lectures, 
show the details and the completed curves worked out in more 
“ professional " manner, although the details are not completely 
given in Fig. 6. The complete V-T graph in Fig. 5 was traced 
from the '' portions ”’аз worked out on Fig. 6. The distance- 
time curve was drawn in pencil by assembling the “ useful ”’рог- 
tions as shown in Fig. 6, and the whole curve was then '' checked 
ир” by integrating the completed V-T graph in Fig. 5, and 
drawing the integral curve in ink by the integraph, with the 
result that the total error for the whole V-T graph was less than 
the thickness of the integral-line. This fact is mentioned as an 
illustration of the degree of precision obtainable with an integraph 
in good condition and used intelligently. The power-time 
(or kw-input) curve was plotted by reference to the completed 
V-T graph in Fig. 5 and it was then integrated bv the integraph, 
producing the energv-time curve (kw-hr). From this curve 
the energy consumption per train, per car-mile, and per ton- 
mile, were calculated, as given on the sheet. The operation of 
plotting the power-input curve is greatly facilitated by making, 
first, a chart which shows the power (kw.) as a function of the 
speed. With the aid of such a chart, the whole operation of 
plotting the power input-graph is performed іп a short time by 
the use of dividers. "The dividers are first set on the V-T' graph 
to the actual velocity at a given time-point. "The dividers are 
then transferred tothe kw-velocity chart. The kw-input corres- 
ponding to that particular velocitv is readily found and, being 
taken by the dividers, 1s transferred to the sheet on which the 
graph of kw-input 15 (о be drawn. Іп some cases other velocity- 
functions, such as the power and energy expended in acceleration 
and the power and energv recovered in coasting, and also various 
other time-functions, like the power and energy expended in 
overcoming train-resistance and lost in the motors, are plotted 
on the same sheet with the V-T graph, and their integral-graphs 
are then drawn bv the integraph. From these a complete 
analysis and segregation can be made of all the power and energy 
losses occurring during arun. А complete analysis-of this kind, 
which is verv simple with theintegraph, has never been attempt- 
ed without its aid, so far as I have been able to learn; and the 
simple reason is the difficulty and the great amount of work 
of drawing the necessary integral-graphs 1n any other way than 
bv an integraph. These details, which are beyond the scope 
of the present discussion, are only mentioned here to show 
the far-reaching character of the services which the integraph 
can render as an instrument of precision and also as a device for 
saving time and labor, in connection with work of this kind. 
The method of finding distances used in the paper that is 
before us is highly ingenious, though it is not quite new. It was 
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brought to my knowledge a long time ago. It has been used in 
Germany many years, and it may have originated there. One 
of the speakers this evening, who himself learned to use this 
method in Germany, will perhaps be able to throw some light 
on the origin of the method. I have never taken much interest 
in methods intended to replace the integraph, because of their 
inherent inferiority and their limitations as compared with the 
methods employing the integraph. 

The objection to these methods is as much of a practical, as 
of a theoretical character. А diagram (Fig. 4) has been prepared 
to make this clear and to show the difference between the two 
kinds of methods. 

The upper portion of the diagram shows a V-T graph of the 
simplest form, comprising an acceleration period Opqrsuy 
over a distance of 0.112 mile, a coasting period (x, w) over a 
distance of 0.135 mile, anda braking period (2 #4) over a distance 
of 0.033 mile. 

The middle part of the diagram shows the three integral- 
graphs corresponding to these three periods, and their use for 
cutting off the three portions of the V-T graph, and assembling 
them together into a complete V-T graph, in the manner already 
explained. The lower left hand portion of the diagram illustrates 
the principle of the method used in Fig. 1 of the paper under 
discussion, and its application under very favorable conditions 
to the first portion of the У-Т graph. The inclined lines, O-1, 
0-2, 0-3, . . . . 100-16, are integral-graphs similar to the 
lines O-s’ and O-S in Fig. 2. The line O-1 is the integral-graph 
or distance-time graph of a V-T graph of the constant velocity of 1 
mi. per hr.; the line O-2 is the same thing for the V-T' graph of 
2 mi. per hr. constant velocity; and so on with the lines O-3, 4, 
5 . . . to]l6. The integral- graph O-9 in Fig. 4, which 
corresponds to a constant velocitv of 9 mi. per hr., 15 the same 
as the graph OS' in Fig. 2, though it is drawn to a scale that is 
twice asgreat. These distance-time graphs are all straight lines. 
Each one has a constant “slope ' because the V-T graph from 
which it was obtained has the same ordinate value at every point. 
Being straight lines, the distance-time graphs O-1, O-2 ; 
О-16 can be drawn readilv by means of a straight edge; but even 
this simple operation can be performed more easily and accurately 
by theintegraph; and the graphs shown in Fig. 4 were so drawn. 

In order to utilize these straight line distance-time graphs, it 
is necessary to modify the actual V-T graph, or to suppose it 
to be modified, in a certain way. It is necessary to assume that 
the actual V-T graph can be replaced, for the purpose of obtain- 
ing 15 area, bv another V-T graph in which the speed-changes 


take place at longer intervals and by sudden transitions from one · 


'" average " value to another. Thus, in Fig. 4, the actual V-T 
graph, O pq r s uvis supposed to be replaced by the broken line 
O4ABCDEFGHI Jv. In that case, the horizontal line 4-4 
represents the “ average ” velocity between 0 and 8 mi. per Вг.; 
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and the other horizontal lines represent average velocities be- 
tween other limits as follows: the line В С, the average between 
8 and 10 mi. per hr.; the line D E, that between 10 and 12; the 
line FG, that between 12 and 13; theline H J, that between 13 


ШІ B 
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and 14; the line J v, that between 14and 14.25. Тһе vertical 
line B A is extended downward until it intersects the integral-line 
O4, corresponding to the average velocity 44 in the V-T graph. 
Inlike manner, the vertical line D C is extended d downward 
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‚фо intersect the integral-line O-q, corresponding to the average 
velocity B C; and the integral-lines O-11, O-13.5, are intersected 
by the downward extensions of F E, HG, JI. As the ending 
point т of this portion of the run is not yet known (being, in 
fact, the very point which is to be found by the method under 
discussion) the vertical line M v' cannot yet be drawn. Inthe 
particular mode of using this method which is represented in 
Fig. 1 of the paper, these vertical lines are not actually drawn, but 
an exactly equivalent operation is performed by the aid of di- 
viders, namely, the operation of cutting off the pieces of distance- 
time graphs which are shown by heavier lines (O A', B'C' D'E', 
F'G’, and H'I')in Fig.4. As it was desired to attain the very 
best precision possible, great care was used in drawing these 
vertical lines, to '' locate ” them properly and to draw them all 
exactly parallel to the V-axis. It is obvious that a very slight 
shift of the lower end of any of these vertical lines to the right or 
to the left would alter the length of the portion of distance-time 
curve that is cut off by that vertical line: and it is also obvious 
that the same actual amount of shift will make a greater dif- 
ference for the distance-time graphs corresponding to high 
average velocities than for those corresponding to lower velocities, 
because their '' slope ” is greater. 

In using dividers instead of drawing lines to find, from thepoints 
А C EG I, the intersections А’, В’, С’, О’, etc., there is always 
a possibility of a slight error, due to the “ shift ” just mentioned 
in locating the ten points A^, В’, С’. . . . J',asitis very 
difficult to set dividers by the eye so that their points are exactly 
on a line parallel with another line, especially if the other line is 
at а little distance. There are still other chances of error. To 
obtain the exact distances corresponding to the five portions of 

straight-line distance-time graph, (O-A', B'-C', D'-E', F'-G', 
and H’ -I' ) the geometrical projection of each of these portions 
on the Y-axis, i.e., on the distance-scale, must be made. This 
work, which has been done in Fig. 4 by drawing, with very great 
care, horizontal lines through the points А’, В’, etc., has to be 
done by dividers in the case represented in Fig. 1 of the paper. 
Hence there are 20 operations to be performed with dividers, 
exclusive of those required for the final portion (J'v^), which is 
still undetermined. We must now obtain the sum of these 
projections, which will represent the distance from the beginning 
of the run to the point J; and we must subtract this sum from the 
known total distance for the first portion of the run, which is 
0.112 mile. The sum may be obtained by dividers. In Fig. 4, 
each projection was very carefully measured by a finely graduated 
scale. The values found were: 


Projection of О —А’............ 0.011 mile 
1” арыс қатан еті 0.009 “ 
“ Р-Я ie dede 0.021 “ 
$ WE dim а TE 0.020 “ 
d: uod ner 0.083 °° 
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Subtracting this sum from the total distance (0.112 mile) 
leaves 0.018 mile for the last part of the acceleration period of 
the V-T graph. Having decided upon an average velocity for 
this portion J v, a distance-time graph for that velocity (14.25 mi. 
perhr.) is drawn in the lower part of the diagram; and a portion 
thereof is cut off J' v' whose projection on the scale of distance 
is equal to 0.018 mile. By drawing a vertical line v'-v through 
the upper end v' of J'v', we find the point of cut off, m, for the 
V-T graph. The number of operations required with dividers 
has been increased by at least four, making a total of twenty-four 
for the acceleration period. Ц was possible to decrease the 
number. of operations by reducing the number of '' steps " of 
average velocity in the modified V-T graph; but this would have 
increased the error in another way, since the difference in area 
between the actual and the modified V-T graphs would then 
increase materially. 

Let us now compare this method with the method employing 
theintegraph. The operation is found to be exceedingly simple. 
We integrate the actual V-T graph O pqr s uv, as far аз we like, 
by the integraph, obtaining the integral graphOabcegit. We 
then draw vertically from the base-line of the integral-graph a 
line equal by the scale of distance to 0.112 mile. A horizontal 
line through the upper end of this line intersects the integral- 
graph at the proper '' ending " point /, and а line !-m drawn 
vertically from this point to the actual V-T' graph cuts it off at 
the proper point n. The ending point, m, obtained by the other 
method is fairly near the correct point, и, because special efforts 
were made to secure the greatest possible accuracy by eliminating 
the use of dividers. When the different operations involved are 
performed with dividers, the difference between the points т, and 
п may vary considerably. 

The chances of error from the “ modification " of the V-T 
graph would not be so great if the integration of the modified 
V-T graph were performed by the integraph, and the results 
obtained by one operation. This is shown in Fig. 4, where the 
integration of the modified V-T graph was actually “ superposed” 
by the integraph upon that of the actual V-T graph. The 
straight line integral-graph О A’ forms a '' chord " to the portion 
Oab. The other straight line integral-graphs (B'C', etc.) also 
form '' chords " to the actual integral-graph, which are visible 
in the lower portion, but practically coincide in the upper portion. 
The principal difficulty with the graphical method comes in 
assembling the partial integrations into a complete whole. This 
explains the statement already made that the difference between 
the two methods is as much of practical as of theoretical character. 
It amounts substantially to this: Whereas theintegraph method 
enables the entire integral for any portion of V-T graph to be 
obtained, and the desired value to be determined by one single 
operation, the same integral, when obtained by the graphical 
method, can only be obtained in sections, which have to be joined 
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together and summed up by methods which not only consume 
time but introduce chances of error. 

The simplicity of the method emploving the integraph is 
further shown in the coasting and braking portions of the run. 
A horizontal line v w gives the “entering ” speed for the coasting 
portion. The vertical line w t’ gives the starting point for the 
integral-graph t'y. This graph, cut ой at an ordinate height 
equal to the proper distance (0.135 mile) gives the point of cut- 
off, y;and the vertical line yx cuts off the V-T graph at the right 
point. А horizontal line, x z, gives the ‘‘entering’’ speed for the 
braking portion. The coasting and braking portions, when 
determined, are '' shifted " to the left in the way already ex- 
plained and as shown by dotted lines, so as to give the completed 
V-T graph. 

In reply to the criticism made by Mr. Haar in this discussion, 
in regard to the accuracy of these methods, I may state in general 
that the accuracy is to a great extent within the control of the 
person making the predeterminations. I can speak from abund- 
ant experience, having seen the work done in тапу different 
ways, and I know that the percentage of accuracy depends greatly 
upon the person doing the work. It depends, to some extent, 
on the accuracy of the formulas that are used for train-resistance, 
upon the scales on which the drawings are made, and the pre- 
cision of the methods of integration used. Where it is necessary 
to use average-velocity values and to determine the distance 
step-by-step, and especially when using dividers, one is liable to 
make cumulative errors, as already pointed out. These errors 
are eliminated if we are integrating for a whole section of line in 
one piece by means of an integrating device such as an integraph. 
So that, necessarily, a method involving the use of an instrument 
like the integraph is apt to be more accurate, especially if the 
scale is not too small and the drafting 1s done with some pre- 
cision and accuracy, and also if the number of points determined 
is sufficiently great. In my lectures on the subject, I have 
shown the errors which result from making the “ steps” or 
changes in velocity too large in plotting the V-T graph. It is 
possible to take rather large velocity-steps or changes at certain 
parts of the V-T graph and still have a fairly high degree of 
accuracy; but at other parts it is not wise to do so. In order to 
obtain a certain degree of accuracy, one must plot the curve 
with reasonable care and use a sufficient number of points. In 
any case, there should not be any difficulty in obtaining as close 
a degree of precision of predetermination by that method as by 
any other method used in the drafting room in electrical en- 
gineering. 

М. W. Akimoff: Under the name of starting curve ог archoid, 
the writer proposes a curve, to his knowledge quite original, the 
object of which is to embrace, in one equation, the peculiarities 
of starting a motor, a locomotive, an engine, etc. 

The subject is so broad that only the simplest features of it 
will be considered in what follows. 
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Engineers are quite often confronted with such problems, or 
troubles, as, for instance, the necessity of fuses of abnormal 
amperage for starting a comparatively small motor; or, for 
example, the apparent weakness of the pins of a shaft coupling, 
of the ropes of an elevator, of a car coupler, of a shaft or its key, 
etc. 

In all these instances the factor of safety, adopted in the design, 
may have been quite liberal, and the whole trouble arises from 
the fact that, in starting, this factor of safety may shrink down 


to almost nothing, while being altogether sufficient for steady 
running. 

In schools we are taught to design a shaft or a coupling for so 
many h.p. and so many rev. per min. without being in the least 
concerned as to how 1t gets there. And in dynamics we some- 
times deal with problems, where the acceleration is changing 
uniformly, or, very seldom, is varying according to some pre- 
scribed law, purely arbitrary and from engineering viewpoint, 
meaning absolutely nothing. 

Yet there are certain limitations in the phenomenon of starting, 
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certain things which may take place and others, which cannot 
take place at all. 

The proposed curve, while not at all universal, may be of 
considerable use in practise, both in designing and in testing 
machinery. 

If time, /, in seconds, be taken as abscissas, and the speed, v, 
(in ft. per sec. or in rev. per min.) be laid off as ordinates, then 
the proposed equation is 
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where N is the normal speed (linear or rotational) and b and c are 
constants; e being, of course, the Napierian base — 2.71828. 

It is easy enough to see that, in the beginning of motion, when 
t = 0, v also reduces to zero; while after a considerable period 
of time, when 2 is very great, 5/2 + ct tends to infinity, so that v 
reaches its normal, maximum, value, №; but ¢ does not have to 
be infinite, in order that the speed may reachitsfull value. It 
will easily be seen that when the exponent, b £ + c t, equals ae 
4.5 or 5, the speed is already over 99 per cent of the normal; ; 


Ра 
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that, for practical purposes, 5 or 5.5, at the most, is the maximum 
value required for the exponent b /? + сі. Thus, for instance, 
if b = 1 апіс = 4, then the full speed is reached practically in 
one second. 

This curve will be smooth in appearance (Fig. 7) as shown 
by a or b. In general it can be said, before any investigation 
has been made, that one's common sense will more readily 
accept this curve as likely to illustrate the true nature of start- 
ing, than for instance the fancy curve of Fig. 8, which is quite 
impossible, or for that matter, the curve of Fig. 9, which is rather 
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improbable in practise; the latter curve, where the speed is 
merely proportional to the time, means that the acceleration is 
constant and corresponds simply to the case of falling bodies, 
having, as a rule, no place in the dynamics of starting. The 
curve shown in Fig. 10 is perfectly feasible, but it merely con- 
Sists of several separate curves, each similar to that of Fig. 7. 

To return to the archoid: the coefficients b and c are not 
necessarily positive, but cannot be both negative at the same 
time; one of them can be 0; if b = 0, we have what may be 
called the simplified curve, in contradistinction to the complete 
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curve, in which either с alone is = 0, or both 6 and с differ 
from zero. А very great variety of curves may thus be derived, 
depending upon the values of the constants 6 and c. 

The simplified curve 


1 
вм (1--=).. (2) 
for с = 0.5, 1, 2 and 5, is given іп Fig. 11. The complete 


SPEED N 


curve is shown in Fig. 12; here b has been taken аз = 1, while 
c has been given values 0.2, 0.5, 1 and 1.2. . 

The simphfied curve may answer іп a great variety of cases; 
its layout is particularly casy, especially if a table of multiples 
of common logarithm of e, say from 1 to 100, has been com- 
puted once for all (e = 2.71828; its common log = 0.43429). 
Slide rule can be used for calculations. The simplified curve 
cannot have any points of inflection. 

The complete curve may or may not have a point of inflec- 


SPEED N 


1 
TIME 
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tion, regarding which a few remarks will now be made. We know 
from the elementary calculus that, in order to have a point of 
inflection, the second derivative must vanish. This, in our 
case, leads to the quadratic expression 


4b? 2 + 4 bet + (e —2b)..... (3) 

—с + УЬ 
26 

curve is to have a point of inflection, b cannot possibly be 


If this = 0, the roots are = Hence, if the 
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negative. If c is positive, there will be only one point of in- 
flection, namely, if У20 is greater than c. If c is negative, 
there might be one point of inflection, t.e. if c is less than v 2b; 


ог, if c 1$ greater, in absolute value, than V2b, there will be 
two points of inflection. 

Thus b = 2, с = — 3, will mean that there are two points 
of inflection, at 5/4 and 1; while = 2,c = — 1, will mean only 
one point of inflection, т.е. at t = 3. If, however, the expres- 
sion (3) is not = 0, there cannot be any points of inflection. 
The great importance of the points of inflection will become 
more apparent after their dynamical meaning is explained. 

Prior to that we will say a few words regarding the accel- 
eration as given by our curve. It will be readily understood 
that the first derivative of (1), or, which is the same thing, 
the tangent of the angle a, (Fig. 13), represents the accelera- 


Es 
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tion of motion as characterized by the curve. The analvtic 
value of the acceleration 1s, therefore, 


2bt --c 
"QM Ya V ert (4) 
which, for the simplified curve (6 = 0) becomes 
C 
a, = М oat (5) 


The Fig. 14 shows the acceleration curve for a simplified 
curve (b = 0,c = 1); while Fig. 15 gives the acceleration curve 
for a complete archoid (b = 1, с = 0.5). 

One point of inflection means the maximum acceleration, 
while two points of inflection mean, in our case, that at least 
one of them will correspond to maximum acceleration. 

We will easily realize that the archoid cannot be tangent to 
the axis of v at £ = 0, since this would mean infinite accelera- 
tion, which no machine could stand. On the other hand, it 
will be readily understood that it is perfectly feasible to have 
maximum acceleration not at the beginning of the motion, but 
somewhere between the beginning and the time at which the 
full speed is reached. 


PET 
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It is of extreme importance for a practical man to know when 
this occurs and to have an idea, even if only approximate, as 
to the value of the acceleration. Only having these data in 
mind can the designer lay out a machine in which the factor 
of safety will not be lower, at any time, than the value originally 
intended. Any other “assumption " is mere guess work. It 
will of course be remembered, that linear acceleration, if multi- 
plied by the mass, gives the acting force; while, in rotary motion, 


SPEED N 
» 
Ч 
5 
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the angular acceleration, when multiplied by the moment of 
inertia, gives the acting torque (or moment) at that time. 

In practise, the only difficulty will be finding of the constants 
b and c. They cannot be very well figured out and will have 
to be determined from tests of machinery of similar types. 
In order to facilitate matters it will be of advantage to remem- 
Бег that the area of the archoid (Fig. 16), for any time 1, repre- 
sents the space (linear or angular, according as we have trans- 


| ИЕ Қы 


SPEED М 


TIME 
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lation or rotation) traveled since the beginning of motion. In 
practise it will be found much easier to measure this than the 
actual velocity, corresponding to the given time ¢. This re- 
mark may help to find a few of the values of v, say 71, vs, 03, 
corresponding to time 41, £s, із; remembering, also, that we have, 
at the end of the starting period, (when the full speed has been 
reached) v = say N and { = T, we thus have several (say four) 
sets of data, from which to determine b and c. 

Using the elementary rules of the theory of least squares 
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we now proceed as follows: let us denote й + сі simply by A, 


1 N 
so that v = N (1 = ) ...[5ее (1)], whence A log, Nas 
=, say, B. 

Now, from our observations, we have the so-called observa- 
tion equations, corresponding to various values of ¢ and v, as 
for instance /;, vı; із, 09; із, Әз; and, finally, T and N. 

Thus we have A; = В, А, = В; etc. etc., or 


bt? + сі = B, 
bts? + Clo = В. (6) 
bts? + сїз = В, 
bT? + cT = В, 


These are our observation equations. From these we form the 
so-called normal equations:in order to do so, we first multiply 
each- equation of the group (6), throughout, by the coefficient 
of b in it, and add the results; then, second, we multiply each of 


NAR 
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the equations of the group (6) by the coefficient of c in it, and 
add the results. 
Thus we have two normal equations 


b (tif + bof t tt + T5) + c (t? Е жалны 

= В, t? + Bet. + В, із + Bx Т? . (7) 
b (tè? + tè + t? + T9) + с (112 pae + T) 

= В: tı + Bote + Basta + By Т 


from which we can readily determine b and c. The equations 
(7) are so easy that no general formula will be given for their 
solution. 

As soon as b and c are known, we need not really go to the 
trouble of plotting the archoid itself, unless we have any special 
reason for so doing; all we have to do 1$ to introduce the con- 
stants b and c into the expression (3) as well as into the equa- 
tions (4) or (5). This will give us what we want to know most 
of all, the value of the acceleration, and the points of inflection, 
if any. 

If this article is somewhat long, it is due to the writer's earnest 
desire to make it easy for the practical engineer. А mathe- 
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matician would understand everything right from the first 
glance at the proposed formula (1). 

The writer sincerely hopes that the archoid may be intro- 
duced into practical life, where it might clear up more than one 
mvstery. 

Note. The Integral Curve. The object of the archoid 
is to obviate, as much as possible, the necessity of graphical 
methods: the time-speed curve is plotted from actual observa- 
tions, then the constants are derived from it and, finally, the 
acceleration is found by substituting the latter into the corres- 
ponding formula. 

But, in some cases, especially where motion in general is con- 
sidered (and not only the starting or accelerating period), it 
is necessary to use graphical methods, and in this connection 
a few words may be mentioned here regarding the integral 
curve, which is so useful in such investigations. In fact this 
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curve can be used in many branches of engineering, but we shall 
limit ourselves to its application to the time-speed, problems. 

A curve B (Fig. 17), of which any ordinate y represents to 
some certain scale the area of another curve A, corresponding 
to the same abscissa x, is called the integral curve of the pro- 
posed curve A. Conversely, A is called the differential curve 
of B. Being given either curve we can readily construct the 
other curve, as will be presently explained. 

It will be easily seen that, in our original problem, the ar- 
choid, or in general the time-speed curve is really the integral 
curve of the time-acceleration curve; on the other hand this 
same time-speed curve is the differential curve of the time- 
distance curve (we mean distance in general, that is in angular 
sense for rotation and in lineal sense for translatory motion). 
So that, dynamically (not electrically), the characteristics of 
the motion are known just as soon as we have the time-speed 
curve, since both the acceleration and the space can be immedi- 
ately ‘derived from it. 
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The following general remarks regarding the integral curve 
can here be made: 

1. The integral curve of any given or proposed curve can 
readily be constructed with a great degree of precision by means 
of an ordinary planimeter. 

2. The inverse process of finding the differential curve of 
a given or proposed curve is less accurate (Fig. 18): here, for 
any point b of the proposed curve В we find the corresponding 
point а of the required differential curve А as follows: from 
f we lay off a suitable constant k to the left and then through 
[ we draw a parallel to the tangent ¢ to the proposed curve at 
b. The constant k is really arbitrary and is chosen so as to 
secure the curve A to the desired scale. 

3. If the proposed curve is parallel to the axis of x, theintegral 
curve will be a straight line through O (Fig. 19). 

4. If the proposed curve is a straight line through O (Fig. 20), 
the integral curve will be a parabola, tangent to the axis of x 
at O. 

The integral curve possesses many other most interesting 
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properties, which will not be gone into in this communication. 
It is possible to design special planimeters, called integraphs, 
to draw it 2 It appears that Dr. Mailloux, who 
is a well-known expert on such matters, has even succeeded in 
constructing a device for the inverse problem, that is, for drawing 
the original curve from a given integral curve. 

Е. Castiglioni: „Г am much interested in the subject of 
speed-time curves. I am one of the few persons in this country 
who have made a specialty of this line of work. I do not refer 
to the kind of speed-time diagram work represented by the dia- 
gram for a so-called ' average run "—which is a rather ele- 
mentary piece of work—but I mean high-grade work of the kind 
referred to by Dr. Mailloux, speed-diagrams which take into 
account every change of grade, every '' slowing down ”’ in train- 
speed due to track-curves, crossings and bridges and other 
service-conditions. 

I learned the methods which I use for doing this work in 
Germany some years ago. I did not know, at the time, their 
origin. It is only recently that I learned of the pioneer work 
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of Dr. Mailloux, and of his celebrated paper published in the 
A. I. E. Е. PRocEEDINGS іп 1902. 

The matter of greatest 1mportance in any method of plotting 
speed-time curves 1s, as Dr. Mailloux has pointed out, to deter- 
mine when to stop, in going along with the speed-time curve for 
a given grade, so as to conform at the right time and place to 
the new conditions for the change of grade for the next portion 
of the run. 

Use has been made for many years of auxiliary curves of 
distance-time, based upon average velocities, for determining 
distances, as is done in Fig. 1 of Professor Woodruff's paper. 


TRACTIVE EFFORT, IN POUNDS 


DISTANCE, IN FEET 


TIME,IN SECONDS 


Hyperbola for Дуу» 2M. P.H. 
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The arrangement of these curves which I have used (Fig. 21) is 
a little different, and I think has advantages in some respects. 

The method which I use, in preference to all others, for cutting 
off portions of speed-time curves at the proper points, involves 
the construction of the speed-distance curve. Тһе speed-distance 
curve is a curve very much like a speed-time curve, and it is of 
interest and utility aside from its use in giving the proper dis- 
tance-points for the speed-time curve. The speed-time curve 
is of interest to the motor manufacturer as a means of determin- 
ing the power and energy consumed, but to the operating man, 
the speed-distance curve is really of greater interest than the 
speed-time curve. By the method which I use both of these 
curves are plotted on the same sheet. 


Digitized by Google 
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The conditions under which we have to work in making pre- 
determinations by means of speed-diagrams are usually more or 
less the same. We have the detailed profile of an existing or 
proposed road; we have information about the speed-require- 
ments and regulations prescribed, the weight of the train, the 
number of driving motors, the required schedule-speed, and the 
specification of the number and length of stops. Previous 
experience with similar cases, or else an approximate predeter- 
mination by reference to an “ average run "', will tell us the motor 
capacity and gear-ratio, which should be chosen tentatively. 


X 
1000 1200 1400 1600 1800 
TRAIN-RESISTANCE MOTOR-TRACTIVE-EFFORT AND UP-GRADES 

AND DOWN-GRADES 
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We are to ascertain, by the aid of speed-diagrams, if the pro- 
posed schedule speed can be attained, and what will be the 
temperature and the power-consumption conditions with the 
motors and gear-ratio under consideration. 

I wil describe briefly the method of plotting speed-curves 
which I use. It is a German method, which I have simplified 
somewhat and adapted to American units. 

For using this method certain curves similar to those used in 
the Mailloux method must be plotted on a ''chart ". The 
characteristic curve of the motor that is to be used is plotted 
by reference to speed and tractive effort as co-ordinates. This 
gives the motor-curve M in Fig. 22. By reference to a suitable 
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formula for train-resistance, a curve, R, is plotted to represent 
the tractive effort requisite to overcome the train-resistance for 
the weight of train per motor, (which 1s assumed to be 10 tons, 
in Fig. 22). The curve R is plotted to the left of the axis of 
speeds, O Y, but with the same scale of values as for the curve M. 
From the curves M and Ка curve of met tractive efforts, М’, is 
obtained by plotting the curve M anew from the curve R asa 
base, instead of the speed-axis O Y. At any given speed, the 
motor tractive effort, C D, measured from the curve M, will be 
the same as the tractive effort A B, measured from the curve 
М’; and as the portion А C = B D represents the tractive effort 
expended in overcoming train-resistance, the remainder, C B, 
will represent the net tractive effort available for producing 
acceleration. 

The retarding forces due to up-grades and the accelerating 
forces due to down-grades, are also taken into account by an 
adaptation of the Mailloux method. Lines corresponding to 
different grades (1 per cent, 2 per cent, 3 per cent, etc.) are 
drawn on both sides of the speed-axis, O Y, the lines for up- 
grades being on one side, and those for down-grades on the other, 
as in the Mailloux "Chart of Coefficients." The difference be- 
tween the two charts in this respect is that the grade-lines on 
the Mailloux chart are based upon forces per ton, whereas in 
this case they refer to forces for the fons of train-weight per motor. 
The chart shown in Fig. 2215 used to obtain the net accelerating 
and retarding forces in substantially the same manner as the 
chart of coefficients of the Mailloux method, but the values 
obtained are expressed in different units. "The net accelerating 
force, which is equal to the distance, C B, between the curve М’ 
and the axis O Y, for a level track, becomes decreased to C'B 
for an up-grade of 1 per cent, and increased to B CHE С= В Е 
on а down-grade of 1 per cent. The net accelerating and re- 
tarding forces for other grades are obtained in like manner. 

For plotting the speed-curves, a strip of cross-section paper 
is used, of width suitable for the scales desired for speed, current, 
power, etc., and of length suitable for the total distance of the 
run or series of runs to be plotted. On this strip of paper, time 
and distance are both measured by horizontal distances. The 
distance-scale is continuous, but the time-scale starts anew at 
each station. The fact that the distance-scale is continuous 
enables all the stations, grades, curves, and the speed-regulations 
for crossings. bridges, etc., to be indicated at the proper points, 
on the sheet, before beginning to plot the speed-curves. 

We first plot the portion of speed-time curve for the beginning 
of the run. This is an inclined straight line below the critical 
speed, v, Fig. 22, at which the accelerating force ceases to be 
constant (as represented bv the dotted line w z) begins to decrease 
with increasing speed in the manner shown by the motor-curve 
M. After the straight line portion of the speed-time curve is 
plotted, the corresponding portion of the speed.distance curve 
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is drawn. "This is not a straight line, but a curved, parabolic 
line, the necessary points for which are obtained by a simple 
calculation, from the area of the initial portion of the speed- 
time curve (which 1s that of a right-angled triangle). It can be 
shown that the distance covered in a given time during the initial 
portion of the run is equal to the speed squared divided by a 
constant, which is proportional to the acceleration, and depends 
also upon the units emploved for speed and distance. The 
co-ordinates of these parabolic curves vary with the grade. 
The necessary points for plotting them for a few grades are 
obtained by calculation; and the curves for all the grades can 
then be plotted on a separate sheet, from which the points 
required for plotting portions of these curves may then be taken, 
as wanted. The braking curve at the end of the run may then 
be drawn. Itis also an inclined straight line, and, consequently, 
the corresponding speed-distance curve will also be of parabolic 
form, and the necessary points for plotting it can be determined 
in the same manner as for the initial portion of the run. To 
plot the speed-time curve between the initial and braking por- 
tions, a step-by-step process is employed, as in the Mailloux 
method and its modifications. Having determined upon the 
speed-increment which is to be used in plotting the curves 
(say, for instance, supposing we are taking AV = 2 mi. per hr.), 
we can use the well known hvperbola, as first employed in the 
Mailloux method, for finding the time-increment corresponding 
to the average net tractive effort obtained for that speed-in- 
crement, from the curves in Fig. 22. Fig. 21 shows the hyperbola 
in question. The average tractive effort, for any speed-incre- 
ment, is taken off from Fig. 22, and is transferred by dividers 
to Fig. 21. Supposing it to be equal to BC in Fig. 22, then, in 
Fig. 21 the vertical distance B C will correspond to the time 
interval O С. If the net tractive effort is В C' in Fig. 22, then, 
in Fig. 21 the corresponding time-interval will be O C'. The 
time-increment thus obtained is transferred to the plotting 
sheet by dividers. The distance-increment is determined from 
the time-increment by a method which is practically the same 
as that mentioned in Professor Woodruff's paper, namelv, bv 
the use of a set of integral lines, each of which corresponds to 
an “average” velocity. These integral lines are shown in 
Fig. 21, for average speeds ranging from 10 to 30 mi. per hr. 

The time-scale for this portion of Fig. 21 is the same as that 
for the hyperbola and for the plotting sheet. The distance, 
scale is the same as that used on the plotting sheet. The time- 
increment, such as О C or О С”, is obtained by means of the hyper- 
bola, is taken off by dividers and transferred to the plotting sheet. 
It is also transferred to the time-scale of the distance-diagram 
in Fig. 21. One point of the dividers is set on the distance-axis 
and the dividers are moved upward with the points in a line 
parallel with the time-axis until the right-hand point comes to 
the integral line for the proper average speed (which is 23 mi. 
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per hr. for the case shown in Fig. 21). When this line is reached 
the vertical distance from the time-axis, LC = OL, or L’C’ = 
О L’, according to the case, is the required distance-increment, 
which is then transferred by dividers to the plotting sheet, and 
laid off horizontally from the last point plotted. The speed- 
distance curve is then plotted to this point by making the speed 
at that distance-point exactly the same as the speed at the cor- 
responding time-point of the speed-time curve. The next, and 
all succeeding points are determined and plotted for both curves 
in the same manner. Thus, both the speed-time and distance- 
time curves are plotted simultaneously, step-by-step, the speeds 
going upwards for acceleration and downwards for retardations, 
the proper net values of tractive effort being taken, in every case, 
from Fig. 22, for the grade, etc., for the corresponding portion 
of the run; and it is the speed-distance curve which shows at 
what point on the line the train 15, and which indicates where а 
given portion ends and a new portion begins. When the “тип” 
is completed, the accuracy of plotting may be checked up by 
planimetry of the area of the speed-time curve. With ordinary 
care in the plotting, the difference between the actual and the 
theoretically correct curve ought to be within 3 per cent, which 
is satisfactory, considering the fact that the motor-curves are 
likely to be from 3 per cent to 5 per cent off the correct values. 

The use of the speed-distance curve to supplement the speed- 
time curve, and to assist in its construction, is the characteristic 
feature of this method, distances being represented in all other 
methods by a distance-time curve, in which the scale of distance 
is vertical instead of horizontal, and therefore much more limited 
than in this method. The speed-distance curve, aside from its 
greatly facilitating and expediting the operation of cutting off 
and connecting the different portions of runs at the right time 
and distance, has the advantage of furnishing a curve similar to 
the speed-time curve, which gives information of interest to the 
operating department of the road because it shows the actual 
speed at every portion of the distance, whereas the speed-time 
curve only shows the speed at every instant of time. 

I have used this method with success for extended and com- 
prehensive studies of electric traction possibilities, in important 
cases like the Pennsylvania electrification at Philadelphia, the 
elevated and subway svstems in New York, etc., where there 
were manv different kinds of trains and schedules to be considered, 
for all which predeterminations had to be made. An idea of 
the rapidity of this method may be obtained from the sample 
curves which I have with me.* Two of these curves refer to 
16 miles of road with 25 stations, 145 changes of grade, 50 curves, 
and a few speed-regulations. The actual work of plotting of 
these curves in pencil was done in 25 hours and 15 minutes. To 
do the same work Ъу calculation methods instead of this 
graphical method, would have taken at least five times more 
time. 

*Curves exhibited at meeting but not embodied here. 
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F. E. Wynne: The method shown in the paper is apparently 
a slight modification of a method described by Philip Dawson 
in his book, Electric Traction on Railways, in that the derived 
hyperbola and nest of straight line curves have been superim- 
posed upon a motor curve plotted in the usual form. While 
this and other graphic methods undoubtedly save considerable 
time where a large number of car performance curves must be 
plotted for varving service conditions, vet I am unable to agree 
with the author that his method saves time '' even when one has 
to plot but a single speed-time curve for a particular motor 
load ". Considerable observation leads me to believe that the 
step-by-step method of calculation and plotting speed-time 
curves, together with the use of a planimeter which eliminates 
the necessity for the speed-distance curve or time-distance curve, 
is more rapid than any graphical method where no tmore than 
three speed time curves have to be made for a given weight per 
motor. 

Experience in instructing students and others has convinced 
me that students in particular should become thoroughly familiar 
with the step by-step process before being permitted to resort to 
graphical processes, because bvintelligently followingthe step-by- 
step method, thev secure a much clearer understanding of the 
actual mechanics of car performance. After they have such an 
understanding, graphical methods are of great assistance in re- 
ducing to a minimum the labor involved in calculating a large 
series of performance curves. | 

М. W. Storer: The description of the method which Mr. 
Mailloux offers tonight is of the greatest interest to us all, and 
we shall be very much interested in seeing it amplified and written 
out, accompanied by the curves. It looks like a very simple 
and accurate method. - 

Mr. Castiglioni’s method I can vouch for as quite reliable and 
accurate, as well as quick. He did considerable work in my 
sight some few months ago, and I can say that it was very well 
and quickly done. There are any number of these graphical 
methods, all of which are of advantage, especially to the men who 
have worked them out. Any man who gets used to working on 
One particular scheme is going to be at a disadvantage, when he 
attempts to work on some different method, but I think we all 
recognize that each of them has certain advantages. 

E. E. Kimball: In the short time which remains I wish to 
hurry through a description of two typical railway motor char- 
acteristic curves and show how valuable the slide rule is as a 
handy substitute for the characteristic curves of an actual rail- 
Way motor. The steps leading up to the selection of a motor to 
do a given service without overheating, usually require exactly 
similar calculations or follow the calculations of speed-time and 
distance-time curves, but there are some short cuts which will 
lead to a close approximation of the size of motors required. 
Furthermore, the ordinary characteristic curves giving speed, 
tractive effort and efficiency of a railway motor, do not contain 
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sufficient information regarding the resistance and core loss of 
the motor for one to determine the losses which have to be rad- 
iated in service or to correct a characteristic curve for a change 
in voltage conditions. From an analysis of these characteristic 
curves the writer expects to point out a procedure which he has 
found to be very useful in supplying this information when re- 
quired. : 

The so-called polyphase slide rule—Fig. 23—15 the same as 
the ordinary slide rule except that it has two additional scales; 
one in red between the B and C scales, which is the C scale 
inverted (reversed), and the other on the edge of the rule which 
is the scale of the cubes of numbers on the D scale. If the ends 
of the scales are made to coincide as shown in Fig. 23, and values 
read from the C 7 and cube scales are plotted against corres- 
ponding values from the А scale as abscissas, the curves which 
result resemble the characteristic curves of ad-c. railway motor 
as shown by the dotted lines of Fig. 24. That is, from the “А” 


% Normal Amperes 
% Normal Speed 
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seale is read per cent amperes, from the middle scale per cent 
speed, and from the scale on the edge of the rule percent trac- 
tive effort. The setting of the slider in Fig. 23 gives the read- 
ings of speed and tractive effort corresponding to 160 per cent 
normal amperes; that is, 79 percent speed and 203 per cent trac- 
tive effort. In Fig. 24 are shown in solid lines the charac- 
teristic curves of a composite or typical railwav motor in which 
the values аге given іп percentages of the one-hour rating of the 
motor. If the dotted lines are accepted as representing tke 
relation betwecn the amperes, tractive effort, and speed for 
rough calculations, then it can be shown that the efficiency must 
be constant throughout the entire range. The equations of the 
dotted speed and tractive effort curves are as follows: 


Per cent speed = (c) 


% amp. 
and 
Рег cent Г.Е. = (per cent amp.)?/? 


| Amperes 
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The writer has made no attempt to derive an equation which 
will represent the characteristics of a railway motor closer than 
the ones just given, for the reason that the chief value of these 
equations lies in the fact that it is easy to remember to read 
per cent amperes on the A scale, per cent speed on the middle 
scale and per cent tractive effort on the cube scale. 

For speed-time and distance-time curves one is not so much 
interested in the relation between speed and amperes or tractive 
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effort and amperes as he is in the relation between speed and 


tractive effort. 
From the above equations it follows that per cent speed 
1/3 


1 ) | 
— or in other words: The speed of a d-c. тац- 
(wr X id 
way motor is approximately inversely proportional to the cube root 
of the tractive effort. 
The dotted speed curve in Fig. 25 is plotted with tractive 
effort instead of amperes as the variable, that is, the two tractive 
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effort curves of Fig. 24 have been made to coincide and the 
speed curve modified so as to maintain the same relation between 
speed and tractive effort as exists in Fig. 24. Тһе closeness with 
which the dotted and solid speed curves of Fig. 25 agree shows 
the relation between speed and tractive effort for the typical 
railway motor is closely represented by the rule just stated. 

The value of this relation in determining the capacity of rail- 
way motors for a given service is best illustrated by an example. 

Assume а 50-ton car to be geared for a maximum speed of 60 
mi. per hr., a train resistance value of 25 lb. per ton at 60 mi. per 
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hr. and a rate of acceleration of 0.8 mi. per hr. per sec.; to deter- 
mine the h.p. capacity of motors required. 

At 60 mi. per hr. the tractive effort delivered by the motors 
just balances the train resistance, 1. e., 25 lb. per ton. The final 
speed reached on the control during the period of notching up 
(beginning of motor curve acceleration) is unknown but we know 
what the tractive effort must be to give 0.8 mi. per hr. per sec. 
acceleration during the control period. It is 80 + 15 = 95 Ib. 
per ton if we assume it takes 100 lb. per ton to produce 1 mt. 
per hr. per sec. and if the train resistance at this lower speed 1s 
taken at 15 lb. per ton. 
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Likewise for any other speed the tractive effort сап be ob- 
tained: that is, at 40 mi. per hr. 
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Thus, given one condition which must he satisfied, other points 
follow directly. That is, given the maximum speed and fric- 
tion corresponding, the speed and tractive effort for any other 
point can be closely estimated. The usual procedure is as just 
outlined in the example above. 

The equipment selected must be able to accelerate the car at 
the rate of 0.8 mi. per hr. per sec. up to 38.5 mi. per hr. without 
overheating in service. А car geared for a maximum speed of 
60 mi. per hr. would not usually be used in a frequent stop ser- 
vice, hence high and frequent accelerations are not likely to 
occur, and 1t may be assumed that if this rate of acceleration does 
not exceed the one-hour rating of the motors the equipment will 
have capacity to do the service, that is: 


" | 50 x 95 x 38.5 
h.p. required = эл > 488 


let us say four 125-h.p. motors. 

One would look for characteristic curves of 125-h.p. motors 
and select a gearing which would give sufficient tractive effort 
at 60 mi. per hr. to balance the friction. 

For lighter and slower speed cars which are generally used in 
frequent stop service a rate of acceleration of 0.8 mi. per hr. per 
sec. is not sufficient either for performing the usual schedules 
nor does it leave enough margin for radiating the losses in ser- 
vice. It is usual to select an equipment for these services which 
will produce an acceleration of 1.00 — 1.50 mi. per hr. per sec. 
at the one-hour rating of the motors. This is on the basis of 
non-ventilated motors. 

Ventilated motors radiate losses much faster than the non- 
ventilated pole type, hence the h.p. rating of motors, if venti- 
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lated motors are proposed, will be less than found by the above 
method. As a first approximation 80 per cent of the values 
found above will lead to some definite design of motors for 
which the radiating constants are known. From these it can be 
determined what the probable heating will be in service. 

To segregate the losses ofa railway motor and thereby determine 
its resistance, the writer has found that the core loss may be 
represented by the equation CL = К I'/3, where К isa constant 
and Г represents current. 

The Standardization Rules of the A. I. E. E. (Appendix I of 
Rules) suggest that the gear and friction losses be taken at 
five per cent for all loads above $ load for approximate determ. 
inations when tests are not available. 

Then from an efficiency curve plotted in this fashion we 
may select two points above 3 load and write the equation 
for the total losses, eliminate the terms containing core loss and 
solve for R. 


Thus for 3/4 and 3/2 load 
if J = Amperes at 3/4 load 
2 I = Amperes at 3/2 load 
L = Core loss at 3/4 load 
5/2 (L) = Core loss at 3/2 load 
K, and Кз = Total losses in per cent at 3/4 and 3/2 load respec- 


tively. 
= 100 — per cent efficiency at 3/4 and 3/2 load respec- 
tively. 
E = Rated voltage of motor or voltage marked on curve. 
5 _ KEI 
Then PR +L + 100 ЕТ = 100 at 3/4 load (1) 
Уча 5 К, E (21) 
2 У OE Ай т см а 
And (27) К+ У2Ё + 100 Е (2 I) 100 at 3/2 y 


Or eliminating L and substitutmg 1.26 for V2 - 


3.7; EI | (2Ks— 1.26 K) 
100 100 


2.74 PR + ЕТ 


. GK.— 126 К. 3.7) E 


i 2.44 X 100 X I 


(8 К. —5К,-15) E 


Simplified, R = и 


approximately 


1914] DISCUSSION AT NEW YORK 2843 


From the derivation of this formula it follows that care must 
be taken to select two points both of which are above 3/4 load, 
and the loads must bear the relation 2 to 1. That 15, if one point 
is taken at 7/8 load the other must be taken at 7/4 load, etc. 
I is the current corresponding to the lesser of the two points 
chosen. 

Example. Find the per cent copper and core loss represented 
by the typical characteristics shown in Fig. 24 or 25. 

These curves are shown over a sufficient range to obtain three 
determinations of the resistance. For check readings, we will 
take the losses in pairs as follows: 


Kso, Кво; Koo, Kiso; А 100, K200 
К go = 100 - 86.5 = 13.5; Koo = 14; K 100 = 14.5; 
К 160 = 100- 82.0 = 18.0; K -80 = 20.5; K 200 = 22.0 


(8 X 18— 5X 13.5 – 15) Е 


ie 1100 x 80 Ode 
_ (8X 5-5 X 14-15) _ 
‚ ® = 1100 90 = 0.0008 Е 
R= (8 X 220-5 X 14.5 – 15) E = 0.000805 Е 


1100 X 100 


Ave. R = 0.00077 E 


PR X 100 


Per cent ?R (1-hr. rating) = “БУТ 


= 100 X 0.00077 x 100 


= 7.7 per cent 


Per cent CL (l-hr. rating) = 14.5 — (5 + 7.7) = 1.8 per cent. 

The accuracy of this determination of the resistance of a motor 
depends upon how accurately the efficiency can be read. А single 
determination may be 25 per cent out because of accumulated 
errors in reading the efficiencies, but usually the error is less 
than 10 per cent. 

E. C. Woodruff: With regard to the accuracy of a graphic 
method—when the data are given in the form of a curve and the 
object of the calculation is to obtain another curve, graphic 
methods used for the intermediate steps will not reduce the ac- 
curacy of the calculation. Any analytical steps used will in- 
volve a double translation from curves to tabulated data and 
vice versa, and will give even more chances for errors in said 
translations. 

C. О. Mailloux (communicated after adjournment): А сот- 
parison of the chart used in the method of Mr. Cas- 
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tiglioni (Fig. 22) with that shown in Fig. 9 of my 1902 
paper, indicates clearly the identity of the principle of 
the two methods. Curves M, M' and R in Mr. Castiglioni's 
chart are the same as curves M, М and К’ (and also К) in my 
paper. They seem, at first, to be different because the axes 
of co-ordinates are disposed differently and the scale of tractive 
efforts is also different. In my chart, speeds are plotted as 
abscissae and tractive efforts as ordinates, because this puts the 
independent variable, speed, in the proper cartesian position 
and relation with respect to the “ function," $.е., the tractive 
effort. In Mr. Castiglioni's chart these relations are trans- 
posed, which makes, apparently, the speed a function of the 
tractive effort, something not physically possible. The arrange- 
ment is not logical, and I fail to see that it has any advantages 
whatever to excuse it. In regard to tractive effort scales, there 
are two differences. First, I deal, in Fig. 9, with all accelerat- 
. ing and retarding forces on the basis of their action on one ton 
of train-weight, whereas, in Mr. Castiglioni's chart, these forces 
are dealt with on the basis of the action produced per motor. 
The advantage of this change appears very doubtful. Second, 
in Fig. 9 of my paper, the curve К represents the actual train- 
resistance per ton, same as the formula by reference to which 
the curve was plotted. The lines parallel with the speed-axis 
which correspond to up-grades and down-grades also represent 
forces per ton. The great advantage of this plan is that the 
curves R and Q and the grade-lines in my chart are definite 
and require no change with the train-load per motor. In Mr. 
Castiglioni’s Fig. 22, the curve К and the grade-lines have to 
be changed every time the train-weight per motor changes. In 
my chart, a change in motor-load requires only the curves M 
and N to be changed. In reality, the curve N does not 
have to be changed, because by drawing the curve R both above 
and below the axis of speeds, as is done in Fig. 9, the net values 
of tractive effort are obtained by the difference in ordinates 
between curves M and R. As pointed out in my discussion, 
several curves of tractive effort M corresponding to different 
motors and loads, can be put on the same chart. In regard to 
the measurement of tractive effort, I still prefer to translate 
tractive effort directly into acceleration-values, and to use a 
scale of accelerations as 15 done in Fig. 9, because the accelera- 
tion-values indicated by such a scale convey a definite idea of 
what is actually happening and tell us something we want to 
know, namely, how rapidly the train is gaining or losing speed, 
at anv moment. Tractive effort and acceleration bear to each 
other the relation of cause and effect. The first represents the 
agency, the second the result produced bv it. In this case we 
have to measure and express a result, not a cause, and it is wrong 
to express the result in terms of the cause. А scale of accelera- 
tion-coefficients such as used in Fig. 9 of my paper expresses 
the result produced, directly and in the correct unit, the mile 
per hour per second, (or the kilometer per hour per second), 
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which unit is now recognized and adopted internationally since 
the Turin Electrical Congress in 1911. The thought of even 
trying to express acceleration in terms of pounds of tractive 
effort per second per second is supremely ridiculous. The use 
of a scale of tractive effort in place of a scale of accelerations 
has no practical advantages and it is open to the objection 
of being both illogical and inconsistent. А scale of tractive 
efforts may be used, if desired, to supplement the scale of accel- 
erations, but it should never be used to replace it. In Fig. 9 
of my paper, the scale of acceleration may be converted into a 
scale of tractive efforts per ton by multiplying the acceleration 
values by the constant 91.2. Іп some cases, a scale of tractive 
efforts has been added to the chart; but the use of this scale 
for the purposes for which the acceleration scale is manifestly 
the proper scale has not been encouraged; and when once 
students become familiar with the theoretical principles т- 
volved, they see the logic and propriety of the units and scales 
used and prefer them to all others; and the scale of tractive 
efforts loses all interest and utility. 

The instances of rapid work done by Mr. Castiglioni by his 
method are уегу interesting as evidence of the merits of graphical 
methods. I confess that I am still a bit sceptical on the point 
of accuracy, because the possibilities of error noted in con- 
nection with Prof. Woodruff's method do not appear to be 
wholly eliminated. The use which is made of the speed-dis- 
tance curve is ingenious, but the method by which the distance 
increments are obtained, being based upon straight-line in- 
tegrations corresponding to average velocities, as in Prof. 
Woodruff's method, appears to be open to the same objections 
and the same liability to cumulative errors. As pointed out 
and as shown by the comparison given in Fig. 4 of my discussion, 
this method of obtaining distance and time increments 1$ at 
best much more laborious and far less accurate than the method 
based upon the use of the distance-time integral, as obtained 
by the integraph. When the speed-distance curve is desired, 
as a supplement to the speed-time curve, it can be readily and 
quickly plotted from the distance-time curve obtained by the 
integraph. 

The chart method described in my 1902 paper is capable of 
doing work at least as rapidly; and, of course, from the point 
of view of accuracy, not only in plotting the speed-time curve, 
but also and more especially the “ subsidiary " curves, which, 
as shown in my paper, are the ones of greatest interest and im- 
portance, the chart method described in my 1902 paper, when 
used with the integraph, can fearlessly challenge and meet all 
methods that have come to light thus far. 

D. D. Ewing (communicated after adjournment): In the 
first paragraph of his paper, Prof. Woodruff makes the state- 
ment, ' Students that have struggled with the usual step-by- 
Step process* * * * seem to acquire a new interest in the 
subject when this method is proposed." I wonder if this “new 
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interest" is not partly at least, the more or less fictitious sort 
of interest which students display whenever a short cut method 
of any kind is proposed. In other words, it may be that they 
are more interested in finding a method of lessening their labor 
than they are in the theory of the thing they are studying. 

Viewing the method from the standpoint of a teacher of en- 
gineering there are the following objections to it: 1. It does 
not give the student the drill on the underlying theory of the 
curves that the step-by-step method does. The writer does 
not wish to be understood as decrying the use by students of 
graphical methods of solving problems. Such methods are 
extremely valuable whenever they enable the student to get 
a clearer conception of the problem. However, this type of 
graphical method belongs to what might be termed the “‘slide 
rule’’class, and just as any person of ordinary intelligence сап 
be taught to solve more or less difficult problems, rapidly, with 
the slide rule, without understanding the theory underlying 
the problem, so can a person be taught to use this type of graph- 
ical method. Such methods tend to become mechanical, 
thereby facilitating the solution of problems. We are not so 
particular about the student's "speed'' as we are about his un- 
derstanding. The step-by-step method which brings in the 
elementary theory underlving the construction of the curve 
in the calculations for each point gives the student a much 
firmer grasp on the theory than could any graphical method. 
2. The large number of curves on the sheet tend to confuse 
the student. This objection is so obvious that it does not need 
discussion. 

Viewed from the standpoint of the practising engineer, the 
method presents some valuable features. It 1s compact even 
if it is somewhat complicated. Where a large number of similar 
speed-time curves are to be calculated, the method would 
probably effect a considerable saving in time besides elimina- 
ting to a large degree the mental strain that always accompanies 
analytical methods of solving problems. 

In the last sentence the statement is made that ‘‘ the method 
saves time and trouble when one has to plot but a single speed- 
time curve for a particular motor load." The truth of this 
statement is not obvious. While the writer has not given this 
particular method a thorough trvout, his past experience leads 
him to believe that unless a large number of speed-time curves 
are to be calculated, the step-by-step method 1$ the shortest, 
provided care is taken to systematize the work. All time saved 
by the graphical method must be saved while calculating that 
part of the acceleration line of the curve which covers the time 
during which the motors are accelerating with line voltage 
across their terminals. Where the runs are short but few 
points on this part of the curve are needed and therefore there 
is little opportunity to shorten the time required for the cal- 
culation of the entire curve. 
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Discussion ON “Ілме DISTURBANCES CAUSED BY SPECIAL 
SQUIRREL-CAGE AND WOUND-ROTOR MOTORS WHEN START- 
ING ELEVATORS AND Hoists?’ (LINCOLN) CLEVELAND, 
Оніо, МАксн 18, 1915. (SEE PROCEEDINGS FOR MARCH, 
1915.) 
(Subject to final revision for the Transactions.) 

H. D. James: I was connected for five years with a large 
elevator company and wish to state that this company had very 
good information on the efficiency of its machines. This was 
based on several hundred tests showing the torque required to 
Start the elevator and the power required to operate same. 
Undoubtedly Mr. Lincoln is referring tosmaller companies that 
have not accumulated much of this information. Mr. Lin- 
coln states in his conclusions—" If the standard series relay 
tvpe of controller is used on the wound-rotor motor the тах!- 
mum torque must be exerted on the first step for sometimes 
the maximum load has to be lifted." The torque referred to 
is the torque at the circumference of the hoisting drum and 
the amount of torque exerted by the motor will depend upon 
the gear ratio between the motor and the drum. An elevator 
is sold to lift a specified number of pounds at a specified speed. 
Let us assume that the load is 3000 lbs. and it is to be lifted 
at the rate of 100 ft. per min. The motor must be geared to 
the drum to give this speed of car with the load specified. In 
selecting the gearing the synchronous speed of the motor can 
not be used as an induction motor runs at a speed less than 
synchronism, depending upon its full load slip. If we assume 
that a cage motor is used having 30 per cent full load slip and 
compare it with a slip ring motor having 4 per cent slip, it is 
readily seen that there is a gear ratio in favor of the slip ring 
motor of approximately 40 per cent. The slip ring motor will 
be required to exert 40 per cent less torque than the squirrel 
саре motor to start the same load. The current taken in start- 
ing on the first notch of the controller is the current corres- 
ponding to the torque required to start this load. It is not 
the current corresponding to the same torque at the motor 
shaft. Mr. Lincoln points out that the squirrel cage motor 
can be designed to exert a given torque with less amperes in- 
put than the slip ring motor. This is true as the squirrel cage 
motor has a better interlinking of induction between the pri- 
mary and secondary than theslipring motor. Thiscomparison, 
however, is not a true one. It has been shown above that 
the slip ring motor runs at a higher speed than the squirrel 
cage motor and, therefore, has a different gear ratio which 
favors the slip ring motor at starting. In order to compare 
the two motors the torque required to start a given load should 
be determined for each type of motor and the current input at 
this torquecompared. An analysis of this kind will show that 
the secondary resistance of a squirrel cage motor can be in- 
creased with profit up to a certain point, beyond which the ad- 
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vantages of increased resistance are more than counterbal- 
anced by the increased slip of the motor. The gear ratio to 
give full speed will increase the torque required from the motor 
faster than the resistance will improve this torque. Where the 
slip ring motor and the squirrel cage motor are both propor- 
tioned to give the best results when referred to the speed of the 
car, it will be found that the amperes input to start the load 
will not differ materially in the two designs. 

The slip or speed regulation of the motor bears another im- 
portant relation to the elevator. The motor is sometimes 
driven as a generator in lowering loads. This causes the motor 
to run above synchronism at a speed determined by the slip 
of the motor. If this slip is great the difference between the 
speed lifting the load and the speed of lowering the load will 
be so great that it will be difficult to stop the elevator safely 
under the latter conditions. As an example, a motor with 30 
per cent slip is geared to an elevator giving a hoisting speed 
of 100 ft. per min. under full load. In lowering this load the 
speed would be approximately 175 ft. per min. If the slip of 
the motor were reduced to 15 per cent instead of 30 per cent 
the load would be lowered at about 130 ft. per minute. The 
difference between the hoisting and lowering speeds, while 
considerable, is not important with slow-speed elevators. It, 
however, becomes of increasing importance with an increase 
in the car speed. The modern high-speed traction elevator 
demands such close speed regulation that this alone determines 
the size of the motor. The above will be very apparent when 
we consider that the car must be stopped automatically at 
either limit of travel and that the energy dissipated in stop- 
ping the car is proportional to the square of the car speed. 
The amount of over-travel beyond the terminal landings is 
quite limited, so that safety requires close speed regulation on 
high-speed elevators. 

The advantages to be obtained by the use of a squirrel cage 
induction motor were first pointed out by Mr. B. G. Lamme 
in a paper he read before the National Electric Light Con- 
vention in 1897. As early as 1900 many of these high.re 
sistance squirrel cage motors were being used for elevator 
service in New York City. They gave excellent results when 
properly applied. 

Both the squirrel cage motor and the wound-rotor motor 
has its proper place in elevator service. Mr. Lincoln has 
brought out the advantages of the squirrel cage motor. Where 
this motor is limited to slow speed elevator work, the absence 
of all complication in the controlling device and the simplicity 
of the motor itself are the controlling factors. Efficiency end 
speed regulation are usually of less importance. For higher 
speed work the slip ring motor gives as good a starting con- 
dition with better regulation; it has a more complicated con- 
troller and requires better attention. I am heartily in favor 
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of any motor that reduces the peak demand on the power 
service, but the reason for using a motor is to render service 
to the customer and we must not sacrifice the starting char- 
acteristics to the detriment of the service obtained. 

R. H. McLain: On the subject of the possibilities of this 
squirrel cage motor for elevator work, I think that the purpose 
a power company tries to perform is to give service to their 
customers and make it possible for the customers to use elec- 
tricity in a profitable manner. To do this they certainly 
should not make any rules that would arbitrarily rule out a 
particular kind of motor merely because it is called a squirrel 
cage motor or a wound rotor motor; but should take into ac- 
count the things which have been pointed out in the character- 
istics of the two motors. I fully agree with Mr. James in what 
he has said of the wound rotor motor and I fully agree with 
Mr. Lincoln on what he has said about the squirrel cage motor. 
I really do not think they conflict. I think Mr. James carried 
the discussion further than Mr. Lincoln had carried it, and in 
my mind it comes to this: А squirrel cage motor has a proper 
field for application where you want a slow speed elevator, 
where your power svstem is large and where high currents do 
not actually affect the line voltage. The ob»ect of a good 
many rules, I think, 1s to discourage the tendency to use these 
motors rather than to prevent actual voltage disturbances tak- 
ing place. The field for the slip ring motor is undoubtedly 
on higher speed work or in places where it is worth consider- 
able money to a power company to prevent occasional flicker- 
ings of the lights. "This latter would only apply to very small 
power companies. 

H. L. Wallau: From the point of view of the power com- 
pany I think there is one thing to be borne in mind, and that 
is, that with either type of motor havinga given impedance Z 
and starting from standstill, a current J equal to Е / 2 is taken; 
but the duration of this starting current has a very appreci- 
able bearing on the situation. Therefore, a high torque per 
ampere, which means that the motor is going to accelerate 
quickly and reduce the starting current rapidly, is really to be 
striven for. 

R. H. McLain: One word right in line with that. Where 
the squirrel cage motor 1$ properly used on slow speed work and 
constructed as has been mentioned, that motor will have a lower 
flywheel effect than the slip ring motor which is bound to be 
larger. Therefore, the power peak which it takes will last 
for a shorter time than the peak of the slip ring motor. I 
think that point should be considered in favor of the squirrel 
cage motor. 

J. C. Lincoln: This paper was written from the standpoint 
of motors requiring not over fifteen or twenty horse power for 
small freight work and small hoist work. I will agree with Mr. 
james heartily that when you get into other work, where ef- 
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ficiency comes into play, the high resistance squirrel cage 
motors I have described are not the best thing that can be 
used; but in sizes up to fifteen to twenty horse power I think 
that Mr. James will agree with me that the best type of motor 
is the one that I have described. 

I would like to call attention to this: That given the same 
maximum torque required in the small motors up to twenty 
horse power we will see that the torque per ampere, from the 
nature of the case, is higher in the squirrel cage motor than it 
is in the corresponding wound rotor motor. Therefore, from 
the standpoint of the central station man, assuming that the 
motor has got to lift its maximum torque, the squirrel cage 
motor will produce a little less disturbance than the wound- 
rotor motor which wiil give the same torque. 
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Discussion ом “ THEORETICAL INVESTIGATION OF ELECTRIC 
TRANSMISSION SYSTEMS UNDER  SHORT-CiIRCUIT CON- 
DITIONS,” (Gross), NEw York, JANUARY 8, 1915. (SEE 
PROCEEDINGS FOR JANUARY, 1915.) 

(Subject to final revision for the Transactions.) 

Henry G. Stott: Perhaps a little account of the origin of this 
paper might beofinterest. We were confronted by the problem 
of providing for a station which would ultimately contain seven 
30,000-kw. units, and at the same time trying to avoid the results 
of six 30,000-kw. units in short circuits. First of all, we were 
very anxious about protecting the generator from short circuits. 
After a little investigation of the whole problem, it turned out 
that our efforts should be directed towards the feeders and 
busbars and not towards the generator, as the generator, with 
its relatively high reactance and modern construction, seemed 
to be pretty well able to take care of itself. The problem, then, 
of saving the feeders from what might happen, as we went 
further along in the investigation, became rather complex. 

Our first inclination was to insert reactance in each feeder. 
That seemed to be the logical way, as it placed an absolute 
limit on the current flowing into a given feeder under any con- 
ditions. However, after working over that plan for a little 
while, it turned out that we would have to build new power 
stations to hold the reactors, and as property was rather valuable 
at the place where the station was located, it did not seem prac- 
ticable to adopt that method, and we abandoned it. We went 
at the problem from the point of view of inserting reactance 
in the buses. There we were confronted with the difficulty 
of enormous drops under certain conditions. If you are 
operating substations at one end and the generator at the 
opposite end of the bus, you have enormous reactance drops 
and losses which would make regulation extremely difficult 
if not impossible under certain conditions. Then, after con- 
sidering these various schemes, we stumbled on the one 
mentioned in the paper, which may be called a split reactance 
scheme, by which the generator, as you will note, feeds in 
between two reactances, one of 5 per cent connected directly 
to the feeder bus and the other of 2 per cent connected to the 
synchronizing bus. 

This matter was thoroughly investigated theoretically by 
Mr. Gross, and the results were so interesting that I persuaded 
him to reproduce them in more gencral fashion in the shape 
of this paper, as being of general interest to the entire pro- 
fession, and I think the Institute is to be congratulated upon 
the very clear method he has pursued. 

The rather astonishing things which were brought to light 
in this investigation were, first, that with five machines on 
the bus at one time we would get mechanical forces exerted 
between the conductors in the cables, with the ordinary insula- 
tion between them for this voltage, amounting to over one ton 
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per lineal foot. That was alarming in itself, and we then in- 
vestigated the strength of the outside jacket of insulation, and 
that was found to ke a saving feature. The lead sheath itself 
would have been ruptured immediately bv that force. 

Then the next thing, which was really more alarming, was the 
extremely high temperatures which, with a short circuit of 60,000 
amperes, we could cause in the conductors, and which would 
undoubtedly have destroyed the insulation on the layers 
next to the copper, as radiation would not enter into the cal- 
culation at all during that brief period of probably three to 
seven cycles. 

The next question was: Is it possible to build an oil switch 
which would rupture 60,000 amperes at 11,000 volts? We 
consulted with a number of the manufacturers, and while they 
were all quite confident this could be done, none were exactly 
anxious to try. We therefore arranged to try to cut it down 
to about 20,000 amperes, which seemed to be quite conservative 
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when compared to the higher value. With the arrangement of 
reactances shown we are very hopeful that, under any con- 
ditions, we will not get a short circuit exceeding about 22,000 
amperes. 

Philip Torchio: We have had, at one time or another, evi- 
dences of these great stresses on busbars and switches, and 
especially on disconnective switches. The latter are now 
equipped with a special lock, similar to a door lock, which we 
have found the most successful means for the purpose. 

In similar manner, we have had experience with heating of 
cables, due to short circuits close to the station, resulting in 
the cable insulation being entirely destroyed. At the time 
we made some figures about the heating, but this was not neces- 
sary, because the evidence was before us. 

In reference to Mr. Stott’s plan of protective reactors des- 
cribed by Mr. Gross, I wish to point out that, while the plan 
may be desirable for certain installations, it lacks the flexi- 
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bility to give the greatest protection where such requirements 
are considered essential. By substituting individual feeder re- 
actors in place of a reactor for a large group of feeders, with 
same cost of reactors, the protection could be more than trebled. 

To illustrate the point, we might make a comparison between 
a plan as indicated in Fig. М, of Mr. Gross’s paper, and Fig. 14р. 
in which I have substituted busbar reactors and individual feeder 
reactors of equivalent money value, as called for in Mr. Stott’s 
plan of Fig. 14. 

Assuming the use of 2 per cent bus reactors in place of 2 per cent 
synchronizing reactors, and 1 per cent feeder reactors in place 
of 5 per cent feeder group reactors, we would, in the former 
case, make an installation of 9000 kv-a. of reactors and in the 
second case 4500 kv-a. of reactors of approximately equal 
costs. The protection obtained on the basis of the comparative 
plans would be as follows: 


Reactors 
Synchroniz- Bus and 
ing and feeder individual 
group feeders 
Short Circuit on a Feeder 
Feeders not in parallel at substation...... ..... 23,600 amperes 12 000 amperes 
Feeders in parallel at substation............... 50 000 ы 13,000 i 
Short Circuit on the Bus 
Feeders not in parallel at substation........... 88.000 2 76,000 
Feeders іп parallel at substation...........208. 85,000 s 81,000 x 


Therefore, the short-circuit currents are in all cases less than 
in the plan given in the paper; also with the latter plan, a short 
circuit on a feeder affects equally all the other feeders on the 
section of bus, while in the case of individual feeder reactors, 
only one feeder is affected. Therefore, with less total kv-a. 
of reactors installed, greater protection is obtained. 

In practise it will be found necessary to secure this greater 
protection by installing larger reactors than the 1 per cent re- 
actors on feeders and 2 per cent reactors on busbars, assumed 
in the example for comparison with Messrs. Stott and Gross's 
example. 

In the 201st Street Station of The United Electric Light & 
Power Company, to which I referred in my discussion of three 
months ago of Messrs. Perry, Lyman and Rossman's paper, 
an illustration was given of 31 per cent feeder reactors. These 
reactors were installed in such a confined space as that available 
under the floor space occupied by a type H or type C oil switch. 
I emphasize this point as it disposes of the objection that the 
Space requirements may make the use of feeder reactors pro- 
hibitive. 

During the first applications of reactors, there have been fears 
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that the reactors might create trouble by resonance, or surges, 
but experience has indicated that these fears were unfounded, 
and the systems have been free from complications of this kind. 

The problem of protective reactors for central stations is 
timely and of great importance. We engineers ought to come 
to some definite conclusions. We ought to give confidence to 
the executives of the companies and the people who have to 
spend the monev for this protection, that we are recommending 
something that will prove satisfactory and will give the results 
we expect. 

We have had a great deal of discussion on this subject, and 
the same discussion is going on abroad, covering the ground 
we have gone over here in former vears. Now, I think it be- 
hooves us to start in and set up some definite standard and 
demonstrate that our methods of centralization of power supply . 
bring safety as well as economy, and efficiency. These items 
are perhaps of greater importance in this country than would 
probably be the case abroad, because with high wages and 
other high costs, the operating costs here would become ex- 
cessively high should we, for safety, be compelled to operate 
a multiplicity of small stations. 

We had two alternatives, either to select and make the cen- 
tralized system safe, or the alternative, that our European breth- 
ren have taken, not to centralize but to have a system like that 
in Berlin, for instance, where they run different stations indepen- 
dently, never tie them together, and supply substations isolated 
so that if they have any trouble it will be confined to one district 
and not affect the whole city. It behooves us to prove that 
our selection 1s better, which I believe it 1s, and that it 1s safer, 
because we ought, with the means and the knowledge we have 
now, to be able to make it safer than would be an isolated 
distribution as used abroad. 

I do not want to detract from the importance of this paper, 
because it is very valuable, and I believe that in special situations 
the arrangement of Messrs. Stott and Gross is a very good one 
and probably would fill the situation very excellently, but there 
are other situations where one must go considerably further, 
and with this scheme I have described, one can get greater 
protection, and of any degree which one desires. 

Cassius M. Davis: Мг. Gross has discussed certain arrange- 
ments of feeders, buses and generators, and has worked these 
several arrangements out in detail and with accuracy. I want 
to point out two things, one with regard to accuracy and the 
other with regard to the work which has to be done preliminary 
to that Mr. Gross describes, namely, trying to find out what 
is the best arrangement to give the protection desired. 

In figuring problems of this kind, one is startled at the amount 
of inaccurate information which is available to begin with. 
For example, the gencrator reactance is not known with accuracy. 
We have estimates of it, but these estimates are based on as- 


1915] DISCUSSION AT NEW YORK 2855 


sumptions. The generator reactance, then, is more or less un- 
known. The rate at which the short-circuit current of a gen- 
erator dics down is more or less unknown. We have then to 
assume a value of generator reactance and a value for the 
dying down of the current. We have to assume that we have an 
absolutelv dead metallic short circuit, which is almost never the 
case. We have to assume, also, for the sake of simplicity in 
calculations, that in a polyphase short circuit all phases are 
short-circuited at exactly the same instant, which seldom if 
ever occurs. We have to assume what the back feed is from the 
synchronous apparatus in the substations. This point was only 
briefly touched upon by Mr. Gross, but the back feed from 
synchronous apparatus in substations forms a very important 
part of the total short-circuited kv-a. which a switch or feeder 
may be called upon to carry. We have to assume also, that the 
feeders havea given length. The reason for this is that with 
a system feeding a large number of substations, such as the 
system under discussion, the substations тау be апу distance 
from the power house, and before determining what the short- 
circuit current is, it would be necessary to figure the short-circuit 
current for cach individual feeder. Therefore, to shorten the 
work, we must assume that the feeders have some average length. 
Furthermore, we do not know at what rate the current from the 
back feed of the substations dies down. You will sce, therefore, 
we are trying to solve a problem where almost nothing is known 
accurately, and, consequently, the methods used in the solution 
must be applied with a degree of accuracy in mind which the 
problem warrants. 

This leads to а point which may he *of interest, namely, how 
may we approximate the probable value of the short-circuit kv-a. 
of a system? Fig. 144, which has been referred to, givesa clue 
to one method of starting. A system with several generator 
bus sections and with a relatively large number of substations is 
usually not connected in the symmetrical manner that this 
figure indicates. If it is a new svstem, this can be done, but in 
the case of a svstem that 1$ already in operation, or one that 1$ 
growing, there is seldom one feeder from each bus section to each 
substation. To approximate the feeder layout we may take the 
number of feeders per bus section and find the average number 
of feeders on each bus section. Similarly we may take the 
number of feeders to cach substation and find the average 
number of feeders per substation, and then we can construct a 
feeder layout which will resemble Fig. 14 a. 

Having constructed such a symmetrical diagram we may, 
for the purpose of simplifying the calculations, combine the 
various parallel paths to an assumed short circuit location and 
resolve it into a one-line diagram. 

Such a scheme is very useful in figuring the minimum react- 
ances which will give a marked decrease in short-circuit kv-a. 
Some of Mr. Gross’s curves show the amounts of reactance. 
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After going through all possible combinations of generator, 
feeder, group feeder, synchronizing, and bus reactors, we will 
find which one, for the particular system under discussion best 
fits the conditions. Then, having decided upon that arrange- 
ment of reactors more time can be spent in attempting to 
calculate accurately what the short-circuit currents will be. 

Practically the same temperature rises given by Mr. Gross 
can be obtained by using transient direct currents of the same 
r.m.s. values as the alternating current, and decaying according 
to the same exponentials. The accuracy obtained is warranted 
by the assumptions which have heen made in determining the 
short-circuit currents. 

Mr. Gross gives two formulas for estimating the temperature 
rise of cables. The first one is fora symmetrical current wave 
and is not particularly involved, but the second one for an 
asymmetrical wave is rather cumbersome. Using formulas 
involving direct currents would greatly simplify the calculations. 

Н. В. Woodrow: I think if Mr. Davis will calculate again 
the short-circuit currents with feeder reactance coils he will 
find out a big advantage in favor of the feeder reactance coils 
where the feeders are paralleled in the substation. This is 
shown more clearly by the two values which were given, as 
а comparison between the plan submitted by Mr. Stott and 
the plan submitted by Mr. Torchio, where 50,000 amperes 
were given in the case of the split reactance scheme of Mr. 
Stott against 13,000 amperes as given by Mr. Torchio, and in 
both cases the figures were calculated on the assumption of 
paralleled feeders in the substation. In this case the feeder 
reactors limit the current both going and coming. That is, 
the current 15 limited by the feeder reactor leaving the other 
bus sections and again on the reactors leading into the dam- 
aged sections. We must remember in these calculations that 
1 per cent reactance for a 4000 kv-a. feeder has the same ohmic 
value as a 74 per cent for a 30,000 kv-a. bus section. 

As referred to by Mr. Gross in the paper, the guaranteed 
breaking capacity of the oil switch is that of the best type of 
oil switch, which is large and expensive. ‘Therefore a further 
reduction of the maximum short-circuit current is many times 
warranted to permit the installation of a cheaper and smaller 
Switch. 

We must bear in mind that the maximum forces are twice 
the average force given in this paper. The rigidity of conductor 
and supports determines the relative stress produced by the 
maximum or average forces. 

As shown in Fig. 6, the maximum current occurs when the 
short circuit begins at zero voltage. The average current, 
under these conditions, for the first half cvcle is 60 to 70 per 
cent above the symmetrical condition. This produces ап 
average force on an asymmetrical single-phase short-circuit 
150 to 200 per cent higher than the values given in the paper. 
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As it is impossible to have a maximum asymmetrical current 
in all three phases of a three-phase short circuit, the forces 
produced by a single-phase short circuit in a given circuit may 
be more severe than with the corresponding three-phase short 
circuit. Therefore a rearrangement of the busses in a straight 
line will not reduce the maximum stresses, although the direc- 
tion of the force may be changed to reduce the stress on the 
insulators. 

The author has not mentioned the forces resulting from a 
heavy current in right-angle bends on the conductor. These 
forces are very heavv and do considerable damage to discon- 
necting switches and the T to the bus. The average forces are 

-1 
given by the equation p = DC M lb. per ft., where у is the 
distance on the T from the bus in inches. Аз the distance y 
is small the forces become enormous. 

The author has assumed a constant resistance for the con- 
ductor in determining the temperature rise, but as there is 
а 35 to 40 per cent increase in resistance with a 100 deg. cent. 
temperature rise, this would produce considerably higher tem- 
perature than shown. 

He has also assumed that all of the heat 1s absorbed by the 
copper. If the paper and oil is to be damaged, a portion of it 
must be heated and as its specific heat is several times that of 
copper the effect in reducing temperature rise is very marked. 

The effects of these two conditions will offset each other to 
a great extent, so that the resulting temperature may be of the 
order given in the paper. 

I do not agree with Mr. Gross on equations (17) and (18), 
which I figure should be: | 
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The effect on the result of equation (17) is very marked with 
a small impedance in the feeder circuit. As an example, if 
2» = 0, І, would be zero. 
. This will bring the curves in Fig. 28 closer together, showing 
little effect of paralleling in the substation. 

The effect of the results of equation (18) depends on the 
relative values 2; and Zp and may be considerable. 

If the short circuit occurs on an end or any T to the syn- 
chronizing bus, the total curve given in Fig. 22 will be through 
one circuit, and the stress would be very severe. 
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Mr. Gross referred to the bus reactance as objectionable, 
due to the unbalance of voltage where only one generator was 
running. This of course can be avoided by short-circuiting 
the coils corresponding to the generators out of service and in 
no case will the short-circuit current be as severe as when all 
generators are running with all the bus reactance coils con- 
nected in the bus. 

James Lyman: The formulas derived in this paper will 
simplify the determination of the possible stresses which take 
place in cables and busbars under short-circuit conditions, also 
of the possible temperature rise of same. The paper shows 
that the repulsive stresses are inversely proportional to the 
distance apart of the conductors measured from center to center 
of conductor. 

The paper also shows that heating varies inversely as the 
square of the sectional area of the conductors. The larger the 
cable, the less mechanical disruptive strains on the conductors, 
the less danger of excessive heating on the conductor. In such 
distribution system as the author has in mind, there is every 
reason to use as heavy cables as can be safely and conveniently 
handled, say for 11,000 volts, around 300,000-cir. mil cables. 

I have been much interested in the discussion of protective 
reactors. The variety of schemes which have been presented 
in various papers before the Institute in this.country and before 
the British Institution of Electrical Engineers shows what a 
really difficult problem it is. The problem is to get the mini- 
mum kv-a. reactance to give the maximum protection to the 
generators, the buses and the feeders. 

John B. Taylor: If I read this paper correctly, the author, 
after considering possible sources of trouble, concludes that the 
one most likely to be serious, is the overheating of a length 
of cable. The generators appear able to stand short-circuit 
strains, the buses are well supported; the mechanical strains, 
tending to burst a cable, scem to be well within the tensile 
strength of the wrappings, etc., so that it comes down to the 
question of what temperature the cable may stand, and the 
time to reach this temperature with a given current. Close 
attention therefore should be directed to the calculation of 
this temperature. 

A previous speaker called attention to the fact that he did 
not see in the formula any temperature-resistance coefficient, 
but he concluded that this omission was not serious on account 
of other balancing factors. While the author’s facility in hand- 
ling the mathematical equation is to be admired, here, as al- 
ways, mathematical conclusions are no more reliable than the 
facts and assumptions written down. И it is possible to ar- 
range affairs so that the temperature of cable conductor will not 
go above, perhaps, 100 deg. cent., this omission of the tem- 
perature-resistance cocfficient may not be vital. If I am righ 
in my impression that for 200 deg. cent. rise, the resistance 
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becomes doubled, at 600 deg. cent. rise the resistance and heat 
generation would be about eight times that allowed for in a cal- 
culation assuming constant resistance. The curves in the paper 
extend to temperatures where resistance must be increased 
sufficiently to make in error the times required to нон the 
higher figures. 

If the short circuit is so located that the resistance of 
the cable is a factor in limiting the current, the resulting 
heating may be less, but, following the argument of the 
author of the paper, we must be prepared to meet the worst 
case of short circuit a short distance beyond the busbar, where 
the cable resistance is of no moment in limiting the current, 
and then the cable heating will be much more than his curves 
show. 

The suggestion that the higher specific heat of the insula- 
tion wrappings is going to relieve the situation is to be 
questioned. While the specific heat тау be higher than copper, 
the specific gravity 1s much lower, so that the insulation must 
heat to some depth before absorbing any considerable quantity 
of heat. -Also, insulators for electric current are usually good 
heat insulators, t.e., poor heat conductors. 

R. W. Atkinson: It has already been mentioned that the 
data given are for the average force between the conductors 
and the cables or in the busbars. Now the forces are enormous 
as compared with the masses, and it secms from some very 
rough calculations which I have made that perhaps the maxi- 
mum force is what would count, at least in the case of cables. 
This would be somewhat more than double the average force 
in the symmetrical wave, and I believe it would be somewhat 
more than four times as much as іп the assvmmctrical wave. 

Now, we have been shown something of the magnitude of 
the forces, and 1% is of interest to note what are the magnitudes 
of the quantities which are resisting these forces. Mr. Stott 
mentioned them as being уегу large. We have in a foot of 
cable of the size mentioned about four or five square inches 
of paper, to withstand the force developed in the foot of the 
conductor. The tensile strength of that paper before it is 
applied is of the order of 8000 lb. to the sq. in., so that we 
would have something like 30,000 ог 40,000 Ib. as the ultimate 
strength of the paper if it retained its original strength. Of 
course it has lost much of that strength by the time it 1$ put 
on the cable and pulled into a duct, but even then, there re- 
mains, when the cable is new, a very large factor of safety for 
the order of magnitude of current which is recommended as 
the maximum safe current. After the cable has been over- 
heated for a few months or years, the strength will be not nearly 
So large, and these forces will be of more importance. Thus one 
of the possibilities is that these forces which exist will tend to 
reduce the life of a cable which has not been deteriorated as 
far as its electrical properties are concerned, but which has de- 
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teriorated with respect to its ability to withstand these forces. 

The matter of the temperature coefficient of the resistance 
of the conductor has been brought up, and it is evident from 
what has been said, that to take that into account in a mathe- 
matical formula would be a pretty complicated matter. Sup- 
pose the resistance does double, evidently we should not use 
the initial resistance in the calculation. It would not be a 
very complicated matter to exercise a little judgment and use, 
in the formula, a resistance which would approximate the 
effective resistance, and I suppose that is about what was done 
in making the tables. 

The effect of high temperatures upon insulating materials 
has been previously discussed Ребоге this Institute. Тһе direct 
reduction of dielectric strength is not so important as the 
change of other properties. Even at the operating temperatures 
there is a very slow deterioration of mechanical properties. 
But the fibrous insulating materials used in cables may with- 
stand without material permanent change, for a very brief time— 
perhaps only a very few seconds—temperatures of even 200 or 
300 deg. cent. Of course, if such temperatures are reached in 
a large cable, dangerous temperatures № 11 be maintained for 
some time. Also, if working voltage is reapplied while the 
cable is at an abnormal temperature, the cable 1s 1n danger of 
further overheating and ultimate destruction due to the dielec- 
tric energy loss which becomes very great at high temperatures. 

If the copper gets red hot it chars at least some of the layers 
next toit. Justasa rough method of seeing what might happen, 
I put enough current thrcugh a No. 8 conductor to melt it in 
about four seconds. 'The No. 8 conductor was insulated in 
the same way that the high-tension cables mentioned in the 
paper are insulated. The effect of this heating was to com- 
pletely char one or two lavers next to the conductor, the rest 
of it was unaffected. А very noticeable effect was the extremely 
large amount of gas given off due to the destruction of only 
one or two layers of papers. It is possible that a short circuit 
which would heat the copper enough to char very much of the 
paper might destrov the lead cover by the gascous pressure 
generated. 

All of these things are subject to experiment, and the actual 
limit of overheating which a conductor will stand, due to the 
effect on the insulating materials of these very high tempera- 
tures for a brief time, is an important problem, and the deter- 
mination of these things seems to be of a good deal more im- 
portance than the knowledge of whether the temperature rise 
is 10 per cent or 25 per cent, more or less than some particular 
formula will show. These things and the effect of the enor- 
mous mechanical forces which are developed can be determined 
by not expensive experiment. 

Charles І. С. Fortescue: The degree of protection made 
against any contingency should be based on its probable fre- 
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quency and the extent of damage that would result there- 
from. With a normally designed svstem, short circuits are 
much more frequent in the feeders than in the station buses, 
and therefore proper protection requires that a short circuit 
in any feeder be relieved with the least possible disturbance to 
the system. It appears to me that a protective layout which 
permits a short circuit in a single feeder to cause as much dis- 
turbance as a short circuit at the buses is inadequate. It 
seems to me that scheme 5-1, Fig. 14, and the similar schemes 
shown, would afford better protection if reactors equivalent in 
effect to Za were placed in each of the feeders, each feeder of 
course being provided with an automatic breaker, while Дк 
is decreased and Z, correspondingly increased. In other words, 
a combination of Mr. Stott's scheme and the feeder reactance 
scheme appears to have distinct advantages over either. 

Hans Lippelt: In the recent past we have repeatedly heard 
of reactance coils as protective devices, but little attention has 
been paid to the question of efficiency, which, however, should 
be considered whenever an apparatus is being employed. As 
our President has remarked tonight, reactance in an a-c. cir- 
cuit was formerly dreaded like poison, and mainly so on account 
of the increased losses caused thereby. The fact that artificial 
reactors are nowadavs provided for the protection of large 
generators does not mean that the poison has been taken out 
of them. On the contrary the losses incurred by installing re- 
actance coils have rather increased, because the strength of cur- 
rent passing through them has rcached, with large units, enor- 
mous values. As we all know, the losses through reactance 
coils are principally two-fold. First, the power factor is being 
reduced, which diminishes the output capacity of the generators. 
Second, for a given power to be transmitted, the strength of 
current must be increased just on account of the smaller power 
factor. Higher values of current entail larger Г?’ losses, and 
this feature 15 the greater evil of the two, because it has to be 
paid for. 

As we have learned todav, a small reactance coil (say 5 per 
cent) affords only limited protection. For instance it may 
permit 100,000 amperes, or more, to pass through an oil switch 
(Figs. 20, 21 etc. of the paper), indeed an undesirable con- 
dition, which is still more aggravated when the oil switch opens 
the circuit. While the reduction of power factor-and the in- 
crease іп Ir losses may be bearable, the danger which still 
Slumbers in the system is great. The destruction of an oil 
Switch when opening under short-circuit conditions, may, in 
effect, not fall short of a boiler explosion. 

By increasing the amount of artificial reactance the vehe- 
mence of short circuit may be held within limits as prescribed 
by the electrical and mechanical ability of the svstem. In 
Order to obtain such a condition, reactance must be so high 
that operation of plant becomes uneconomical. 
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Would it not be better to attack the evil at its root by chang- 
ing the electrical system as a whole, instead of only attempting 
to improve a part of it? 

What I wish to propose is a direct-current system at high 
operating voltage. It may be 11,000 volts for the case discussed 
in Mr. Gross’s paper. How to generate and operate direct 
current of such voltage, is too early for me to say, but I wish 
to point out briefly the advantages of a high voltage d-c. system. 

Protection is required for direct current the same as for alter- 
nating current but it may be obtained with more reliability and 
without impairing operation or efficiency. 

Reactance coils of high self-induction may be employed and 
yet the power factor will always remain unity. There will be 
no increase of current necessary to transmit a given power and 
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the Z?r losses will not be more than before the introduction of 
coil. Ir loss of coil is negligible. After all, the reactance coils 
should be provided with iron cores. In order to make the coil 
fully effective a resistance should be employed in connection 
with it. Referring to the accompanying Fig. 1, с represents 
the generator reactance coil with iron core, and Кс a resistance 
which is ordinarily short-circuited by switch Se. Part ofiron 
core 15 made movable and serves to operate switch Se. 

In case of a short circuit our apparatus will, owing to its high 
inductance, delay the occurrence of the maximum value of cur- 
rent (one second, or more, seems possible). During this delay 
switch So will be opened and resistance Кс introduced, with the 
effect that the maximum amount of current will be kept down to 
reasonable magnitude. For a 30,000-kw., 11,000-volt generator, 
34 ohms only will suffice to hold the current down to about 20 
per cent overload, which does not mean any danger at all to the 
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generator. Besides, there is no possibility here of synchronous 
apparatus falling out of step. 

Other reactors may be installed in the svstem for the protection 
of parts of same. The accompanying Fig. 1 shows iron core 
reactors installed at intervals in an overhead line, in connection 
with lightning arresters. By proper design of reactor, lightning 
strokes will be localized to a section, and diverted to ground. 
The iron cores will come into action when the surge begins to 
set in, and will throttle it down. 

Such results cannot be obtained with a-c. systems. High- 
voltage d-c. svstems are now being favored by engineers abroad. 
The transmission of 12,000 kw. from Sweden to Denmark by 
90,000-volt direct-current in a cable at the bottom of the sca, 
is a striking example of it. (See Electrical World, February 8, 
1913, page 294.) 

S. I. Oesterreicher (by letter): From the unchallenged re- 
marks of Mr. Lippelt, at the last Institute meeting, about the 
advantages of a high-tension direct-current system over a similar 
alternating-current system, it might appear that the Thury d-c. 
system is immune from disturbances and reactor losses as ex- 
perienced on large a-c. systems. 

Among the several contrary opinions to the above statement, 
I beg to go on record as one who claims that Mr. Lippelt’s state- 
ment will not be able to stand up if investigated. 

There are no available data, upon which to base a somewhat 
reliable comparison between a-c. systems of the magnitude and 
Severe operating conditions as described in Mr. Gross’s paper 
and similar d-c. systems. This, after 15 vcars of experimenting 
in France and Switzerland, does certainly not encourage ап 
American operating engineer to investigate the merits of an un- 
certain and untried system, and recommend a change from a 
wcll known a-c. svstem to high-tension direct-current, with some 
entirely new troubles, plus some of the old tricks of the a-c. 
system. Granting however, that such a radical operating en- 
gineer exists, who would be thoroughly convinced about the 
advantages of a high-tension direct-current svstem and recom- 
mend a change to the same, I think he would have a little diffi- 
culty to raise the capital needed for such a project; furthermore 
an American manufacturer who would guarantee a reliable 
operation would be hard to find. 

Mr. Lippelt did not dwell very lengthily upon the ments or 
demerits of Mr. Gross's paper, nevertheless he showed us in a 
very capable manner, that by the introduction of reactance in 
alternating-current circuits, the current wave will lag behind 
the e.m.f. wave, which means loss of energy; and while perhaps 
some electrical engineers suspected such conditions, he certainly 
took everybody bv surprise, when he stated, that iron core 
reactors in high-tension direct-current systems are immune from 
losses and disturbances. 

I beg to ask Mr. Lippelt to give the Institute data from actual 
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high-tension direct-current practise, where iron core reactances 
are used and where on such systems such coils are immune from 
hysteresis losses. Until such a time I beg to claim that iron 
core reactors on the Thury system will behave—with certain 
numerical modifications—in the same way, as on alternating 
current circuits. This on account of the Thury system, which, 
speaking theoretically, is not a direct-current system in the sense 
of the storage battery, but an alternating-current system, 
changed by commutation into a wave of very flat shape, of either 
positive or negative sign, or perhaps both, and having a frequency 
equal to the rev. per sec. times number of commutator segments, 
divided by the number of the brush groups. The height of the 
wave will be determined partly by the generator characteristics 
and partly by the regulation of the line. Any oscillograph will 
easily prove this fact. 

Now let us assume the high-tension direct-current project 
from Trollhactten to Copenhagen, the one mentioned by Mr. 
Lippelt, and let us assume that this line will have a regulation 
of one-half of one per cent at normal operating conditions, or as 
per the potential given us by Mr. Lippelt, for 90,000 volts, this 
line voltage would fluctuate 450 volts. 

Since there are no available data about the characteristics 
of the Thury gencrators, we will neglect them from our considera- 
tion, with the additional remark, that these generators are in- 
significant in size, when compared with the units mentioned in 
Mr. Gross’s paper. 

A fluctuation of 450 volts in the line, will set up a flux in an 
iron core of | 


450 . 108 
4 F.. f. N....lines 


where F. is the form factor of the wave shape, 
f, the frequency or in this case the pulsations per second, and 
N, the number of turns in the reactance coil. 

From this equation it becomes apparent, that even under 
the most normal operating conditions, there will be a counter 
e.m.f. generated in the reactance coil winding, due to the flux 
generated by the voltage variations of the line. This counter 
e.m.f. will certainly mean а loss of energy. The energy required 
to set up the flux in the iron core will also be a loss. 

When considering a large svstem, consisting of six 30,000-kw. 
generators, fceding into a fluctuating railroad load, with say 15 
times normal load as the maximum short-circuiting current, it 
will be a simple matter to realize that iron-core reactance coils 
will be very little better—if not worse—on high-tension d-c. 
lines, than our air-core rcactances in their a-c. circuits. 

In summing up, I believe, that the Thury high-tension direct- 
current system will not as yet solve our present metropolitan 
energy distribution problems. It will not solve it, first, on ac- 
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count of its unreliability of operation as experienced in southern 
France, second, it will offer no better protection against opera- 
ting disturbances, and last but not least, on account of its rather 
complicated station wiring, when compared with our high-ten- 
sion a-c. generating stations. 

Alfred E. Waller (by letter): Mr. Gross’s statement “ In a 
paper-insulated lead-covered cable, the force is exerted on the 
over-all wrapping around all three conductors " appears to 
me incorrect. It would be true if the conductors were straight 
bars arranged parallel to each other in the triangular spacing 
indicated, and under the assumption of current conditions given 
by Mr. Grossin his discussion. The conductors of a high-tension 
cable of this kind are laid like in the strands of a rope and form 
spirals parallel to and at equal distances from each other. 
Hence any motion radially away from the center of the cable 
implies increase in the diameter of the spiral, and this could 
be attained only by elongation of the conductors. The conclu- 
sion is that the stresses set up by the condition which Mr. Gross 
proposes, would be taken up by the copper itself and not by the 
wrapping. Аз a matter of fact an equal r.m.s. current of the 
same sign in each conductor of the three-phase cable, would 
probably never occur. A normal if not inevitable condition would 
be presented if one conductor were assumed to carry current of 
different sign from the other two, and equal in volume to the sum 
of the current in the other two conductors. 

Philip Torchio (by letter): In Fig. 14р of my remarks, I 
have shown busbar reactors and feeder reactors in contrast with 
Mr. Stott's arrangement, shown in Fig. 14. A recent patent, 
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issued to Messrs. Torchio and Woodrow, gives a combination of 
mutually inductive reactors, as shown in Fig. 14Е, where репега- 
tor and busbar reactors are combined in one coil mutually induc- 
tive, By so doing, they secure not only generator protection 
but increased efficiency of the busbar reactors, in reducing poten- 
tial drop, for the reason that the short-circuit current, in one sec- 
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tion of the svstem, 1s made to assist in keeping up the voltage on 
the other sections, not directly involved in the short circuit. 

This combination would give similar advantages in Mr. Stott's 
arrangement if the synchronizing reactor and the feeder group 
reactor were combined in one mutually inductive reactor, thereby 
securing the following advantages: 

lst. The space required is very much less. 

2nd. The mutual inductance between the two sections of the 
coil limits the current to a greater extent for a given amount of 
copper. 

Зга. А short-circuit disturbance causes less voltage drop on the 
remainder of the buses, as the current in the short circuit 1s made 
to assist in keeping up the pressure on the rest of the system. 

I. W. Gross: Several of the points which have arisen in the 
discussions have heen answered wholly or in part by those which 
follow. 

Mr. Torchio’s comparison of Mr. Stott’s plan of feeder bus 
and synchronizing reactance with his own plan of feeder and bus- 
bar reactance, is very misleading, to say the least. Take the 
condition of '' Short circuit on a feeder—Feeders in parallel at 
sub-station." In Mr. Stott's plan there are two methods of 
paralleling feeders at the sub-station: one as shown in Fig. 14, 
where anv sub-station receives power from only one bus section, 
the feeders being paralleled оп a common bus at the sub-station ; 
and the other as shown in Fig. 14a, where all sub-stations have 
at least one feeder from each bus section. 

In the former. Fig. 14, you lose flexibilitv at the expense of a 
decreased short-circuit current; in the latter, Fig. 144, the oppo- 
site is true. With the former scheme the feeder short-circuit 
current is only 23,600 amperes regardless of whether the feeders 
are paralleled at the sub-station or not, and this is less than twice 
the current in Mr. Torchio’s plan. 

Further, when the short circuit occurs on the bus only one-fifth 
of the current of 88,000 amperes, or 17,600 amperes, is required to 
be opened by any oil switch. No danger from overheating exists 
as the heavy busbars are perfectly capable of carrying this 
current for a short time. 

In Mr. Torchio’s scheme the entire current of 76,000 or 81,000 
amperes mav have to be broken on a small feeder oil switch. 
This 1s obvious if the short-circuit occurs between the pots of 
the oil switch and the feeder reactance. Under this condition 
of short circuit Mr. Woodrow's '' cheaper and smaller oil switch ” 
which would safelv break 12,000 to 13,000 amperes, would un- 
questionably fail when required to break 76,000 amperes. 

In brief, then, it appears that Mr. Torchio’s plan, instead of 
furnishing more than treble protection over Mr. Stott’s scheme, 
in reality provides less than one-third the protection, that is, 
16.000 against 23,600 amperes, and will likewise require a larger 
and more expensive feeder oil switch for full protection. 

Mr. Torchio, after comparing the two schemes on an equal 
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cost of reactance basis, adds that, ' in practise it will be found 
necessarv to install the 1 per cent feeder reactance and 2 per cent 
busbar reactances,”’ thus admitting the greater cost of his scheme. 

I do not wish to minimize the value of Mr. Torchio's scheme; 
for the protective worth of the feeder reactance scheme and the 
bus bar reactance plan are well known, and a combination of the 
two will undoubtedly do what neither can accomplish alone. 

I thorovghlv appreciate Mr. Davis's discussion of the inac- 
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сигасіеѕ and approximations which enter into an analysis of 
this kind. The computations involved when taking actual feeder 
lengths, which in our case varied from less than one mile up to 
Over eight miles, and number of cables, which were as few as 
three and as manv as seven, hecome most complex. 

г. Woodrow’s equations (17) and (18) are absolutely correct. 
In the corrected curve for Fig. 27, as noted by Mr. Woodrow, 
the effect of the relative value of impedance in the circuits mav 

€ considerable. 
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The onlv curves to be affected Бу equation (17) are those of 
Fig. 28; and had Mr. Woodrow solved his equation (17), he 
would have found these curves to Бе correct, as they were com- 
puted by the same equation (17) as corrected by him. The 
omission of Z, was one of transposing manuscript to print. 

The elfect of paralleling of feeders at the sub-station end 1s 
therefore considerable, and increases still more as the number 
of feeders to a sub-station increases. This applies onlv where 
feeder reactance is used, or in Fig. 144, where the feeders to any 
sub-station are distributed among several or all of the feeder 
bus sections. 

The effect of temperature coefficient on the computed tempera- ' 
ture rises, can best he taken care of by “ the exercise of a little 
judgment," as suggested by Mr. Atkinson. Having decidel 
upon the maximum temperature vou wish to allow in the copper, 
merely use the resistance of copper for that temperature, and 
assume this resistance as existing throughout. the entire period 
of heating. This, of course, would allow a margin of safety, as 
at the instant of short circuit the resistance would be consider- 
ably below the value actually used. Another method would be 
to take the resistance at a temperature one-half of the maximum 
vou wished to allow. This would undoubtedly give a very close 
approximation to actual ultimate temperature. 

A value of 11 ohms per cir. mil-ft. was used in the paper. 

In Fig. 14a, or а modification of the same bv allowing feeders 
to any sub-station to come from only two feeder bus sections, 
that is, sectionalizing the sub-stations bv groups, Mr. Torchio's 
patent reactance scheme of combinine the feeder bus and svn- 
chronizing reactance into one coil, would have the effect of tend- 
ing to increase the current through the oil switch of the feeder 
undergoing short circuit. For, while choking off any current 
which would tend to flow from the other four units, it would 
thereby maintain a higher bus voltage which would be impressed 
on the feeders interconnecting with other sub-stations, and 
thence fecding back throuvh the feeders to the affectcd bus 
section. Thus the net eflect might be to increase the short- 
circuit current through the oil switch. 
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Discussion ON “Мил. CONTROLLERS” (STRATTON), AND 
'" STEEL MILL CONTROLLERS FROM THE OPERATOR'S STAND- 
POINT " (RicGs), PITTSBURGH, PA., APRIL 15, 1915. (SEE 
PROCEEDINGS FOR APRIL AND May, 1915.) 

(Subject to final revision for the Transactions.) 

H. F. Stratton: I apologize for appropriating such a big topic 
as mill controllers, and then discussing only part of one division 
of it. Nor do I feel that the apology is an empty formality, 
because І appreciate that other parts of the subject have such 
a direct bearing on the one discussed that they should be con- 
sidered at the same time. 

Generally when a motor is applied to a machine it 1s a question 
of horse power; that is to say, the capacity of the machine as 
a power translating device must be at least the equivalent of 
the power demands of the machine. This is the situation 
which generally exists with motor-driven machine tools or cranes. 

In the case, however, of a motor driving a typical piece of 
mill machinery, the situation is different. It is not a question 
of horse power, but it is a question of torque. The average 
mill motor starts, runs, is stopped or reversed, and these opera- 
tions are repeated hour after hour; the main purpose is to con- 
trol these short movements with the smallest amount of wasted 
time. I am quite sure that it would not do to state the re- 
quirements any less broadly, because, an improvement in one 
feature might lead to, and in fact be the direct cause of a greater 
disadvantage in some other part. For instance, it sometimes 
happens that time is lost in the end if a machine is rotated so 
rapidly that it becomes correspondingly difficult to stop it 
accurately. In short, in a situation of this kind there would 
be lost that very valuable but elusive condition which may be 
designated as ‘‘ handy control." 

The paper which I have written deals mainly with the ques- 
tion of the relative speeds of the motor and machine, or in 
other words with the ratio of gearing between motor and ma- 
chine. I do not propose to read this paper, but instead to make 
Some comments and offer some compromises which it seems 
to me are permissible. 

Equation (16) is an expression. which gives the value of the 
ratio of gearing for quickest starting and quickest stopping of 
a motor driven mil machine. The equation involves the 
moment of inertia of the armature, the moment of inertia of 
the machine, the load torque of the machine, and the developed 
motor torque. Since writing the paper I have examined some 
data which I happen to have relating to several mill tables and 
other mill equipment, and I have found that the moment of 
inertia of the machine is generally at least five or ten times 
the moment of inertia of the armature. I have also found 
that the square of the ratio of load torque to motor torque is 
small compared to the ratio of the moments of inertia, and in 
the several instances which I examined it averaged about $ of 
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this value. Now there is not much difference between the 
square root of a number and the square root of that number in- 
creased by i. In fact the difference is only about 6 per cent. 
It seems foolish to quibble about 6 per cent when I have already 
disregarded motor friction and windage and when some very 
broad assumptions must be made as tothe averageload torque, 
and when the developed motor torque will certainly vary as 
the motor or the resistance becomes hot or as the voltage fluctu- 
ates. If then, you are disposed to accept this compromise, the 
ratio of gearing would be determined by merely taking the 
square root of the ratio of the moment of inertia of the machine 
to that of the armature. 

On the basis of this assumption the rest of the investigation 
is correspondingly simplified because it now remains to de- 
termine only the moment of inertia of the armature and the 
moment of inertia of the machine. 

I assume that if you apply to the motor builder he will cheer- 
fully furnish the moment of inertia of the armature, and you 
can obtain the moment of inertia of the machine in the follow- 
ing simple manner: 

Allow the motor to run until it reaches a constant speed and 
measure its current and its speed of rotation when at constant 
speed. From the speed torque curves of the motor determine 
the torque corresponding to the motor current. Shut off power 
and measure accurately the number of seconds required for the 
machine to stop through the influence of friction. Then the 
moment of inertia of the machine can be easily computed 
from these quantities. On this basis the square root of I over 
Ij; will indicate the ratio of gearing to be used. 

This would be theoretically the correct analysis if the machine 
were frictionless. On the same assumption, if the condition 
be imposed that the machine shall make any specified number 
of revolutions, this established ratio of gearing would then 
mean that the least energy would be stored up in the rotating 
parts. If the least energy 1s stored in the rotating parts, then 
the least energy will have to be taken out of these parts to bring 
them to rest. This would seem reasonably to point to quick 
and accurate stopping. Апу deductions or arguments relat- 
ing to quick stopping apply equallv well whether that be ac- 
complished by plugging or dynamic braking, since in either case 
the motor exerts a restraining torque in opposition to the exist- 
ing direction of rotation. 

Very likelv there will be a disposition to criticise this theoret- 
ical handling of an intensely practical matter, апа I fully realize 
that if the subject 1s not considered with sympathetic intelli- 
gence, the theory is valueless. There of course can be no 
object in accelerating, for instance, a mill table so rapidly that 
the steel skids on the rolls, or that its movements are merely 
a succession of violent jerks. It occurs to me, however, that 
some approximate determination could be made as to how fast 
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it is advisable to accelerate a given mill table, and that on that 
basis the most appropriate gear reduction and the most appro- 
priate size of motor might be employed. 

А. С. Pierce: I wish to comment on Mr. Riggs’s paper. To me it 
is notable because of its comprehensive treatment of the processes 
involved, and because of the assertiveness of his conclusions as 
to the proper tvpe of control for each process. Further, stand- 
ardization is emphasized. If it is possible for the steel mills 
to follow standardization to the end of securing general uni- 
formity of panel constructions, even though the latter may not 
be exactly alike, it will most certainly result I believe in cheaper 
first cost, simplicity in manufacture, saving in upkeep, and 
simplicity in operation. 

David B. Rushmore: The matter of standardization, of 
which Mr. Pierce speaks, is one of the hopeful movements in 
this direction of all forces working toward a common end. 
Just how much ought to be done, and just how far it is possible 
to standardize apparatus manufactured by different companies 
15 a question. 

The electric motor has always been subservient, it has gone 
around trving to adapt itself to the other machines, and that 
is one of the reasons why the manufacturing companies list 
over 5000 different varieties of induction motors. Тһе public 
must necessarily pay for this, and think of what that means. 
Five thousand different varieties of capacities, frequencies, volt- 
ages, phase types, etc., of one kind of motor. 

The electric motor is beginning toask that the other machine 
be adapted to it, that instead of adapting the electric motor 
to all other forms of apparatus, why cannot the steel mill be 
adapted to it, why cannot we change the rolls, why cannot 
we change the tables, etc., in order to meet, at least, half way 
the requirements of electric motors? In some of the largest 
steel mills which have been electrified, a step has been made 
in this direction. Тһе designing engineer in the factory never 
fully grasps what the operating man wants. The operating 
man never appreciates the difficulty of standardization, of 
getting out modifications of apparatus, of special developments 
—he cannot, unless he has been through it. 

Glenn E. Stoltz: In Mr. Stratton's remarks he brought up 
One very interesting thing, a very simple and accurate method 
of arriving at the fly wheel effect of a machine or motor. I 
think that method can be used to much greater advantage than 
to trv to calculate. Не simply gets the friction load of the 
machine running idle and throws open the line switch and allows 
1 to drift to a stop. If we assume the friction torque is con- 
stant, we get a straight line curve, plotting the speed of the motor 
against time, provided the torque is constant. That applies 
approximately to the mill type motor and table, but we 
cannot use it so well on apparatus which has greater fly- 
Wheel effect, for instance, a motor generator set, to which is 


. 
> у т 
чото ----. 


2872 MILL CONTROLLERS [April 15 


attached a large flywheel. There is a certain amount of 
energy which acts similarly to a fan, and we have a greater 
torque at the high speed. The curve comes down very little 
at first, and then smooths off to a straight line; and we have 
no change when the apparatus comes to a rest. Probably 
within five to ten per cent of the time when it comes to a rest at 
the end we lose oil film in the bearings, and naturally that in- 
creases the torque considerably and really shortens the time 
of coming to rest. In apparatus of that tvpe it is better to 
take the reading every five or ten seconds in getting the speed, 
plot a curve, take the straight line part of it from the origin, 
and not follow 1: сІеаг to dead rest. 

Mr. Stratton has discussed a very important issue in the 
selection of motors for mill tables, screw down, and similar 
application. He has carefully treated the theoretical side of 
this subject by means of elementary mechanics. However, 
many of us do not deal so constantly with these terms and no 
doubt would prefer to attack this problem in a more simplified 
manner. 

As has been pointed out, the load on the motor may be divided 
into the friction load of the driven machinery, the inertia of 
the driven machinery, and the inertia of the motor itself. 

To arrive at the inertia loads, the fundamental formula E 
equals à MV? may be used, in which E represents energy ex- 
pressed in pounds and feet, and M 1$ the mass of body which 
is equivalent to its weight divided by 32.2, and V 1$ velocity 
in feet per second of the rotating body at its radius of gyration. 


This formula then becomes Ё equals id x V*. Dividing 
this formula by 550 will give the number of horse power seconds 
stored in'the body at the velocity of V. The load can be 
expressed in either of these two terms without involving any 
other items than the weight of the body and peripheral speed 
at its radius of gyration. In expressing this in horse power 
seconds, that is, the stored energy in the body, we have a term 
which we can comprehend. И we get the horse power seconds 
of energy stored in the table and in the motor, we have terms 
which we understand. We may sav the moment of inertia of 
a body may be 1000, but that does not mean much, if any- 
thing, to us. If we express it in thousand horse power seconds, 
we know, if we give up 100 horse power in 10 seconds, we have 
1000 horse power seconds. 

If the problem involved does not warrant an extremelv ac- 
curate solution, the radius of gyration of both the motor and 
rolls, if the latter are hollow with the shaft extending from 
end to end, тау be taken at from 0.7 to 0.8 of the outside 
radius. It has been found on ordinary armatures that if the 
total weight includes the shaft, 0.7 is a very close figure; how- 
ever, if the weight of the shaft is omitted 0.8 should be, used. 
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Unfortunately, other conditions enter into the consideration 
of this subject which overshadow the importance of our theo- 
retical results. | 

In the first place, the most advantageous speed of the table 
or machine in question must be definitely determined Бу the 
operator, and from tests on similar apparatus the friction load 
can be assumed. If vou have a roll table, it is up to the mill 
man to know at what speed he desires to operate it. That 
is a fixed condition which we must accept. If the apparatus 
to be driven is a mill table which carries metal that 1s delivered 
to the roll before the motor attains full speed, the motor should 
be geared to give a speed somewhat above that specified so 
that the actual speed desired will be attained under average 
operating conditions. Suppose I want a speed of 300 ft. a min. 
on a table, we would probably gear the motor to give 400 ft. per 
min.; in other words, the metal will enter into the rolls before the 
table will reach full speed, and the average speed attained 
then is 300 ft. a min. When operating the table at con- 
stant speed, the motor should run from 20 per cent to 30 per 
cent above its rated speed, which is equivalent to approximately 
60 per cent of its full load capacity. This permits the motor 
to run light for a period of time and allows the commutator to 
polish. If the size of the motor is such that it operates at full 
load or overload when running a table at constant speed, the 
motor is not given an opportunity to polish its commutator, 
which reduces its ability to withstand peeks without incurring 
excessive maintenance. 

Very often too large a motor 1s selected in order to get quick 
acceleration. Excessive speed on the table does not necessarily 
mean greater dispatch in handling the material as the metal 
may slide. Although the commutator has an opportunity to 
polish at this excessive speed, the plugging or braking current 
1S very severe when the motor is reversed at the high speed. 

After checking a large number of roll table drives, we have 
found that motors operating at practically full load are brought 
to rest in approximately 0.3 seconds; those overloaded and 
operating at higher speeds very seldom require more than 0.5 
seconds, so that it is not important to give this phase of the 
subject much weight. 

The formula developed by Mr. Stratton does not apply when 
the table reaches full speed before the metal enters the roll. 
In railway work it is a well known fact that the car having a 
gear ratio that gives best acceleration 1s soon overtaken by a sim- 
ilar equipment on which the gearing has been selected for both 
acceleration and a fixed distance at constant speed. We geared 
a motor to give good conditions in starting and running and 
the time of stopping is of such short duration it 1s of little im- 
portance in comparison with starting. 

With the formula given above, the inertia of the driven 
machine and of the motor may be determined. The inertia 
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load of the gearing and countershaft, irrespective of the gear 
ratio, is of very little importance as its value seldom exceeds 
five per cent of the total, so we сап simply drop it. 

Every manufacturer builds a standard line of mill motors, 
the speeds of which are fixed so that there is little opportunity 
to exercise any discretion as to the speed ratio between the 
motor and the table except in the selection of the number of 
motors to be applied. It is simply a matter of selecting either, 
say 50 h.p. or 75 h.p. motors, and practically all mill motor 
manufacturers have adopted standard speeds, which are sub- 
stantially the same. 

On such applications as a screw down, the inertia and fixed 
load of the driven parts are small in comparison with that of 
the motor applied. On a drive of this kind it is therefore 1m- 
portant to reduce the inertia load of the motor, which is done 
by placing two in series. 

On tables of large inertia and friction load, in comparison 
with the inertia of the motor, it is better to select either one 
motor or place two in parallel. In every case, irrespective of 
the drive, the problem resolves itself into a comparison of the 
friction and inertia load of the driven machinery and the inertia 
load of the. motor. Тһе remaining items are not of sufficient 
importance to receive consideration; for instance, the friction 
of the motor itself. I believe Mr. Stratton designated that as 
being very small and not worth consideration. 

At one of the large mills in Ohio, there is an example of a 
mill table driven by two motors in series. The inertia of the 
motors is very small in comparison with the friction and inertia 
load of the table and the motors are operating at a disadvantage. 
If they are placed in parallel and gear ratio changed, the cur- 
rent per motor would be reduced to 60 per cent of the present 
value. 

At another mill is a roll table driven by one motor which 
has a large flywheel effect. When this table is brought up to 
speed, 54 per cent of the energy is required in the motor itself, 
20 per cent in inertia of the rolls, 2 per cent in gear, and 24 рег 
cent in friction. If this motor were replaced by two smaller 
motors in series, 11 per cent of the energy would be required 
in the motors themselves, 50 per cent for the roller inertia, 5 
per cent in the gears, and 30 per cent for roller friction. This 
simply effects a more economical distribution of the input to 
the motor so that more of it is utilized as useful work, resulting 
in quicker manipulation of the table. 

M. A. Whiting: I am inclined to disagree with Mr. Stoltz 
in his estimate of the value of the results obtained by such a 
theoretical treatment as Mr. Strattons. It is true that in 
many cases we have rather inaccurate data, and there are a 
number of minor errors in the method itself. After all of these 
are taken into account in many cases it will be practicable to 
make a calculation based on one gear ratio or one set of con- 
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ditions for the acceleration and complete duty cycle of a given 
reversing motion, and repeat the calculation with a consider- 
ably different gear ratio. A comparison can be made in which 
it is probable that the errors, while considerable in each com- 
putation, will be relatively about the same. We then have a 
reasonable basis of comparison between the two sets of con- 
ditions, from which we are reasonably justified in deciding by 
example which gear ratio is the better. Having determined 
by this calculation which would be better, we may in extreme 
cases be 30 per cent or 40 per cent in error as to the actual 
results which either one of these arrangements would give, and 
still have a correct relative idea of the two cases. In many 
cases the duty can be determined much closer than the 40 
per cent mentioned, and the calculations from the result will 
be considerably closer. 

In looking over Mr. Stratton’s paper, I find the following 
statement: “Тһе average speed of rotation of the machine is 


9” 


—, hence its final speed of rotation is ay : in other words, the 


і 
assumption is made that the rate of acceleration is uniform. 
The friction is assumed uniform, and the assumption is then that 
the net accelerating torque is uniform, or is equivalent to a 
uniform value. The formulae which follow are all based on 
that assumption, and therefore relate particularly to short 
moves during which the armature rheostat is being cut out 
and in which the motor does not run for any appreciable length 
of time in accelerating to the final speed on its series character- 
istics. 

The formulae, therefore, cover a large number of the cases 
which arise on reversing mill machinery, but do not cover all 
of the cases. If the friction is very light compared with the 
torque developed during the period of cutting out the resist- 
ance, the free running speed will of course, be very much greater 
than the speed at which the armature resistance acceleration 
is completed. In this case a speed-time curve can be computed 
by taking successive increments, while the motor is accelerat- 
ing on its series speed characteristic, and computing step by 
step the increments of time necessary to accelerate from one 
value of rev. per min. to another value of rev. per min., plotting 
these in the form of a curve, for example, with the time hori- 
zontal and the speed vertical; the area of which represents dis- 
tance. 

It is an easy matter, having plotted such an acceleration 
curve for a given gear ratio between motor and driven ma- 
chinery, etc., to lay in the retardation, assuming that the aver- 
age torque would be uniform during current limit retardation 
by plugging. In that way the area under the closed curve, 
bounded at the end by the inclined line representing the retar- 
dation, will represent the distance traversed. Comparisons 
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can be made of different speed-time curves for different ratios 
in order to determine the most advantageous ratio. 

In a problem requiring this kind of analysis, it is quite usual 
to find that the gear ratio which enables us to make the short 
moves most quickly will not enable us to make the very long 
moves most quickly. In some cases, therefore, it becomes 
necessary to compare a number of short moves with a number 
of long runs, and compare also the importance of saving time in 
stopping accurately with the importance of making long runs 
rapidly, arriving at a practical conclusion in that wav. 

J. A. Albrecht: The speed of reversal of the table rolls is 
not usually the limiting feature in the operation of the mill. 
I believe that is a point which has not been given enough attention. 

There are certain operations to perform before the ingot goes 
through the mill. It takes a definite time to handle the ingot, 
grab it on the lower side of the rolls, guide it to the top side 
of the rolls, and straighten up the piece for the pass and prepare 
for the operation of rolling. This manipulation is lost sight of 
in figuring the time of the. roll. Тһе men in the engineering 
departments are called on to reverse the tables probably twice 
as fast as the men can handle the steel, and the operating men 
do not take that point into consideration. While we can 
satisfactorily reverse the table, it is a greater strain on the motor 
and table gearing and everything of that sort affects the up- 
keep of the motor. In regard to the table Mr. Stoltz spoke of, 
driven by the big motor; he figures a large saving by putting 
in a smaller motor. We have oscillograms of that mill. It 
is an old stvle motor, fifteen vears old, with an armature 3 feet 
in diameter, and the oscillogram shows the time consumed in 
turning the mill over from full speed in one direction to full 
speed in another direction was 14 seconds. That is entirely 
too fast, as far as handling the steel 15 concerned. Consequently 
that plan is putting twice as much energy into handling the 
table as is necessary to still make the same time on the mill. 

One of our leading mill engineers has always had а theory 
about keeping one table still, the receiving table. As the ap- 
proaching table, taking the ingot into the mill, is moved down 
toward the mill, the receiving table is still, and the ingot 
pounces out оп toit. Asit comes back out of the mill, the opera- 
ting table, which is now the receiving table is still, and the same 
operation is repeated, and on paper it looks very fine. The idea 15 
that there is probably a saving of 30 per cent їп the energy by 
not having to plug that table. I have heard some mill men 
say there is a somewhat excessive wear on the rollers nearest 
the mill. If any of you gentlemen know anything about revers- 
ing blooming mill tables which operate in that way, I would be 
glad to have some one discuss it and let us know if there 1s 
anything in the theory of excessive wear on the roll, as that 1s 
the only thing which would limit that method of roll table 
drive. 
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Е. J. Murphy: As to the results of Mr. Stratton's calculations, 
I am not prepared to say. The accuracy of the product 
of a mathematical mill depends on the accuracy of what you put 
into the hopper. I believe wherever possible, calculations should 
be made, that 1$, if there are any data available as a basis of calcu- 
lation. It will save a great deal of unnecessary work and some- 
times rather severe blunders. 

We frequently find machines either over-motored or very 
much under-motored. Where quick reversal is necessary a 
motor too large for the job will be a serious disadvantaye, and 
there are cases where considerable time could be saved by using 
small motors. That point has been brought out by other speakers. 

In Mr. Riggs’ paper, several points attract my notice. He 
seems to advocate the use of dvnamic braking instead of plug- 
ging. I do not suppose that means for all applications, and I 
would like to hear some comments from the operating engineers 
as to the advisability of using dynamic braking. I should sav 
in cases where they had to make an accurate stop, it might be 
preferable. 

He advocates a shunt field. protecting relay. Probably a 
great manv of us have actuallv had cases of trouble from this 
shunt field protecting relay dropping out, due to the transformer 
action of the series field in the case of a compound motor, 

Various efforts have been made to devise some scheme to 
prevent this action. I recentlv had to solve a problem 
of that sort. It was quite difficult to obtain any relay 
that would have a time element that would avoid the back 
action of the series field. We managed to solve the problem by 
using what was practically a small contactor with a heavy 
copper sleeve around the copper. With this particular relay 
it was actually possible to take off the exciting current and it 
then took three to five seconds for the contacts to open. 

With reference to the matter of the standardization of con- 
tactors, Mr. Riggs refers to the area of contacts, pressure 
between contacts, and rating per unit area of contact. I should 
think it would be difficult to ascertain the area of the contact, 
because in mánv designs of standard contactors the action is a 
rolling one and the contact is made across what is practically a 
line. In so far as the standardization of this sort of a device 
is concerned, I think it depends on the results obtained, as to 
the life, temperature, and general safety, opening the arc, etc. 

The same remark applies to resistors. The design of resistance 
also has so many variable factors that I do not doubt we could 
obtain good results by quite different arrangements. Further, 
where vou are using a resistance for accelerating and not con- 
tinuous duty, the important point is the actual weight of the 
grids, which determines the heat storage; with infrequent stop- 
ping this is moreimportant than the actual continuous capacity. 

В. Н. McLain: There is just one point in Mr. Riggs paper 
that I have noticed with which I disagree. He says: “ Con- 
tactor coils should be interchangeable on the same size apparatus 
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of one manufacturer." In the next sentence he says, '' Use 
external resistance when the coils have to stand continuous 
service rather than a special coil." I am not just sure what he 
means, but I certainly advocate using a standard coil, to stand 
the continuous voltage, rather than for the application of ex- 
ternal resistance with the coil. In fact, he must agree to that, 
because right below he says “ strike for simplicity ". 

In regard to Mr. Stratton's paper, I might add a little weight 
of evidence if there is any one who doubts the advisability of 
calculating this matter of gearing. I will take one exampleI 
know of, the case of two trollevs, both of which have to make the 
same trip. The man who built the trolleys decided to make one 
for 1200 ft. per min., and the other for 1000 ft. per min. He 
turned the same amount of power on them, and the one geared 
for 1000 ft. per min. got ahead and remained ahead until it 
had gone 315 ft., and then the other passed it. Apparently 
in going less than 315 ft. one moved faster than the other, and 
in going more than 315 ft. the other moved the faster. I cal- 
culated that same thing, and the calculation showed the two 
time-distance curves crossed at 315 ft. 

K. A. Pauly: Idonotthink I will say anything more than 
to emphasize the importance of making calculations 1n advance 
of the application of control. I had occasion at one time to 
look into an application similar to the one Mr. McLain referred 
to, where it was shown very conclusively that the lower speed 
or what appeared to be the lower speed, in the operating con- 
dition was actually the higher speed. Thesame thing was proved 
very conclusively at Gary where the lifting tables were geared 
for a lower speed and actually operated faster. 

I think there is a general feeling on the part of practical men, 
or so-called practical men, against the use of mathematics, as 
we often hear it said that the trouble with theory is that it does 
not work out in practise. I think the reason for that is purely 
the fact that in applying theories there has been a tendency in 
the past to generalize too much, to make assumptions where 
the facts were not known, and to assume that certain factors 
which were difficult to compute were negligible. ‘I think that, 
practise alwavs conforms to theory, provided the factors in- 
volved are all included and properly taken care of; I think that 
a great deal of trouble and money can also be saved many times, 
which is spent in experimental work and in other ways due to 
disastrous failures. Much control equipment can be simplified 
if only a few calculations are made in advance, these calculations, 
of course, to be sound and to take into account at least all of the 
factors which are known to affect the problem. 

As has been said before, the control is the nervous system of 
the motor application, and if the nervous svstem is unbalanced 
or not in good condition the whole application fails, as does the 
individual if his nervous system is deranged. 

J. S. O'Donovan: I think that every operating electrical 
engineer, and also those who come in contact with the operation, 
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will agree with me that the mechanical man makes a mistake 
on the proper ratio of gearing, without taking into consideration 
the calculations required to obtain the results. We had a little 
incident, about a year ago, which was quite simple. We bought 
a charging machine for a butt welding furnace. Other machines 
had been built by the same firm, but when we got the drawings 
in advance of the machine, I discovered that the full load speed 
of the travel of this charger in front of the furnace was 375 ft. per 
min. The machine with which it ran in conjunction on the other 
side of the furnace, operated at 100 ft. per min. I called the 
company up by telephone and told them they would have to 
change their gearing on that machine. Instead of using а 25 h.p. 
motor to drive this particular machine in the rack, we substituted 
а 10 h.p. motor which was even larger than was necessary. This 
goes to show that the mechanical engineers who design almost 
all of these machines, are not very careful of the gear ratios. I 
think that if there was some way to bring the mechanical en- 
gineers in closer contact with the electrical engineer, we would 
get better results in the designing of our apparatus for use in 
steel mills. 

Jacob Е. Motz: I understand the papers on mill controllers 
are presented as follows—one from the manufacturer’s view- 
point and one from the operator’s viewpoint. You may con- 
sider this discussion as a salesman’s viewpoint. 

The first controllers used in steel mill work were street car 
controllers. The first of these was no more than a rheostat 
arranged to operate in conjunction with a reversing knife 
switch, and, by the wav, very ingenious devices they were. 
It was not long before the manually operated controller, built 
especially for steel mill work, was developed in the steel mill. 
This controller still maintains its general characteristics, having 
been improved only along such lines as make it now a reliable 
piece of apparatus. The controller I have in mind is the face 
plate controller, having only a few fingers for adjustments, 
and arranged for straight line lever operation. There is one 
manually operated controller, which is used to some extent, 
known in steel mill parlance as the street car controller, or the 
drum controller. This {уре has a large number of fingers and 
a rotary motion of the handle for operation. 

Naturally, there have been many variations and some widely 
scattered departures from these two designs, but the point I 
wish to make is this: There seem to be limitations attached 
to the manually operated controller. 

While the papers of the day call almost exclusively for mag- 
netically operated controllers, Г believe there is still a small 
field for the manual controller. For instance, a new company 
with limited capital can begin operations with a smaller out- 
lay by installing the manual controller. Then as the company 
prospers and continuity of operation becomes more exacting, 
the manual controller should be discarded. 
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Many old plants have not yet started to replace the manual 
with the magnetic controller on electric overhead traveling 
cranes, and the operating officials of these plants are not yet 
firmly convinced of the superiority of the magnetic controller 
for this service. One of the principal reasons for this attitude 
is due to the improper selection of the form of magnetic con- 
troller that has in some cases been made. This improper selec- 
tion can be attributed to inexperience. 

To my mind, there is a greater gain to be effected by instal- 
ling magnetic controllers on cranes than on mill tables. There 
is one reason, however, why it does not seem so necessary: 
Cranemen are a more intelligent class of operators. The arane- 
man of today should be an operator only. No longer is he the 
mechanic, electrician, or '' jack-of-all trades," not even the in- 
spector. The inspection can be done by one peculiarly fitted 
for the work. When any repairs are needed, a mechanic should 
be provided to do that work. Some one has succinctly said 
"the starter with brains." I will leave it for you to answer 
whether or not it pays to put ''controllers with brains" оп 
your cranes. 

Just why was the magnetic switch controller developed? 
The first reason was because it was found that the more con- 
trolers one man could operate the better could these opera- 
tions be kept in step with one another. То illustrate that fact, 
imagine four men trving to keep in step operating a modern 
soaking pit crane. "There has recently been installed a soak- 
ing pit equipment where the cranemen even open soaking pit 
covers with the crane, not on account of the inability to obtain 
satisfactory equipment to perform this operation, but because 
no one but the cranemen must think about this operation. 
The fewer number of men that have to act in unison, the more 
accurate will that action become. 

It was impossible to assemble more than a limited number 
of manually operated controllers about one man, even though 
controlling levers were used, and, this being accomplished very 
easily by the use of magnetic controllers and their masters, 
there was but one thing to do—use magnetic controllers. - 

It would not take such a wild flight of 1magination to think 
of one man actually controlling the complete operation of a 
blooming mill from the soaking pit to the shears. With such 
possibilities before us, I think it would not be well for us to go 
to too great lengths 1n order to make all controllers duplicates, 
because ultimately each controller will have its place and will 
be designed for some particular operation. There are no two 
applications that necessarily have the same cycle of operation. 
It seems correct to assume that each controller must be pe- 
culiarly fitted for the work in order to obtain the most efficient 
operation. Is it good engineering to put a 50 h.p. motor and 
controller on a job which only requires a 25 h.p. motor and 
controller? There has been too much ear given to the repair- 
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man simply because of wrong application of motors and con- 
trollers. Mr. Stratton has very correctly pointed out the vast 
difference in gear reduction used to connect the motor to its 
load, where the load and motor sizes remained the same. It 
looks as 1f this would be a good place for the electrical engineers 
to step in. 

There are many reasons why the magnetic has displaced 
the manual controller, as well as there are many points con- 
cerning the actual make-up of the controllers and the 
construction of the individual units that go to make up the con- 
troler that need to be discussed, which I hope will give rise to 
lively argument, as these points are of most vital interest to 
the operating man. 

S. C. Coey: I believe I am safe in saving that there have 
been more mistakes made in determining the proper gear ratio 
on mill tables than in any other application of electricity to 
the iron and steel industry. І have been very much interested 
in Mr. Stratton's paper, and hope to work out some of our 
existing installations to find out how thev check up with his 


deductions. I would like to call your attention to two factors ' 


that enter into this matter of gear ratio, which this formula 
does not cover. These have been brought up before, I believe, 
but I would like to emphasize them. One is the variation in 
friction load. I have ш mind one new mill table which after 
it was in operation for a few months operated so freely that the 
friction load was reduced to such an extent that it was neces- 
sary to cut out the last two points of acceleration on the con- 
troller and run it on resistance. This same table when it was 
new became so heated up with hot slabs lving upon it that the 
motor was not heavy enough to start the table, and it was 
necessary to get out the fire hose and cool it before it could 
be run. This shows the two extreme conditions in friction load, 
and they have to be taken care of. 

There 1$ another very important factor in this problem, and 
that is the distance through which the piece on the table or 
other apparatus controlled by the motor has to run ша cvcle 
of operation. On a 44 inch blooming mill which we started 
up about a year and a half ago, we figured out as carefully 
as we could the gear reduction on the various parts of the 
mill. After it had been in operation a short time we found 
that a screw down, which was operated by two 100 h.p. mill 
motors, connected permanently in series, was the slowest point 
in the mill. As Mr. Stratton has pointed out, the slowest 
point in the mill is the point that limits the production in that 
mill. This screw down installation was gone over carefully, 
and I concluded, because we were moving the screws only from 
one-half to three inches on the down motion, and a maximum 
of 44 inches on the up motion, that quicker starting and not 
the full motor running speed of the screw was needed to 
speed up operations. We reduced the gear reduction on this 
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drive 40 per cent. This would naturally, you would say, reduce 
the final speed of the screws by the same amount. Аза matter 
of fact, this speeded up the operation of the screw down so that 
it was able to kcep ahead of the reversal of the machine. There 
is always some factor which is the limiting factor in the operation. 

On this same mill we had the approaching and rear tables of 
the screwdown equipped with two 100 h.p. motors, permanently 
in series. On the front table we had twenty rollers and on the 
rear table fifteen, and we found that the front table was very 
slow and retarded the operation of the mill. Inthis case by 
changing the gear reduction again practically 33 per cent, and 
incidentally cutting down the normal running speed of the table 
33 per cent, we increased the actual operating speed of the 
mill. 

I believe Mr. Stoltz referred to this table in his remarks, and 
noted that by placing these motors in parallel we could increase 
the speed of the table again. But we had come to other limiting 
conditions. This mill has been running now about eighteen 
months, and when we started up we rolled in the first month, 
about 200 ingots per 12-hour turn. That was gradually speeded 
up to 300 and 400 and 500. Just within the last month, by some 
changes on the manipulator finger control—the point which was 
holding us back—we have speeded them up and last night this 
mill turned out 564 ingots in twelve hours. It may be we will 
get to a point where that front table will have to be speeded up. 
Until we get to that point, we prefer to keep two motors connected 
permanently in series. With this connection if any trouble 
develops on one motor we can throw double-throw switches over 
and run the mill on a single motor, until we can make the neces- 
sary repairs. Also it is a fact that in running two motors on а 
blooming mill you have less repairs when they are connected 
in series, than when running them in parallel. 

The point was brought up this afternoon as to the advisability 
of keeping the back table motors stationary when running 
a blooming mill. Somerollers keep their back table motors 
stationary, some roll their back table motors with the 
piece, and some keep the back table rollers rollingin towards 
the mill. This last condition uses a minimum of power with the 
maximum of wear on the roller surface. We find in actual opera- 
tion that this condition allows the roller to get his piece ready 
for the next pass and reverse just in time to take the piece in 
to the rolls. 

In regard to the use of dvnamic braking, I may say that we 
have installed on this screwdown in question, dvnamic braking, 
so that the motor will stop in a quicker time with dynamic 
braking than it will by plugging. That is the only method by 
which you can make a roller use dvnamic braking on a screw- 
down, because if he can stop more quicklv bv plugging, and he 
is working on a tonnage basis, he is going to plug. That instal- 
lation is now working very satisfactorily and it has been for some 
months. 
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I certainly agree with Mr. Riggs concerning the advisability 
of using a magnetic controller in a large number of cases. There 
are, however, still some applications where the manual controller 
is quite satisfactory. In a mill control, there is one point in 
connection with the use of automatic controllers which I think 
should be brought to the attention of manufacturers. In 
blooming mill practise nowadays you have two or three different 
operators using the same master controller at different times 
in the twenty-four hours, and it 1s on this matter of master 
controllers that the manufacturers have fallen down more than 
оп апу other point. The master controller should beso heavy, 
mechanically, that a man cannot break it, and I think that most 
of the steel mills in the country have designed master controllers 
of their own simply to get them heavy mechanically, so that they 
will be able to offer considerable resistance to abuse. In those 
cases where a man comes on and works eight hours, and is relieved 
by another man, and he in turn is relieved by a third man, it is 
hardly to be expected that each of these men will take the same 
pride in the apparatus, asif he were running a lathe ina machine 
shop, and was the only man to use it. 

Another point regarding automatic control that has come to 
my attention of late, is the fact that 1n certain cases we have 
found that with automatic control we have practically eliminated 
the up-keep on motors and controllers; but, curious to relate, 
increased the trouble on the mechanical end. I have talked 
this matter over with various engineers, and the only solution 
we have come to that appeared to apply to the case was the fact 
that with a magnetic controller we get in most cases a very 
much greater first rush of current than we do with the manual 
‘control, that is, the initial rush which is represented Бу a small 
fraction of a second. [n any reduction on spur gear drives there 
15 a certain amount of back lash and as the operator plugs the 
control, the taking up of the back lash gives a hammer blow, 
which is greater the further down vou go in the reduction. It 
may be necessary, in order to overcome this defect in special 
Cases, to introduce resistance so that as the reverse contactors 
come in only a very small amount of current will be allowed to 
flow through the motor instantaneously, and then the regular 
Sequence of acceleration will be taken up. 

In Mr. Rigys’ paper he recommends on a control panel, in 
addition to the double pole contactors, a single pole contactor 
on the other side of the line, and an additional pair of fuses. I 
believe that if we tried to eliminate every possible source of 
trouble, we would get into altogether too many complications 
for successful steel mill operation, and I am of the opinion that 
putting in these extra fuses to overcome trouble on the contactors 
1S an additional complication. 

It has been suggested that instead of using contactor coils, 
Shunt coils with external resistance, only continuous operating 
coils should be designed and put out. There is one point where 
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continuous operating coils are liable to get the operating end 
into trouble, and that is on screwdown work, where a man makes 
very small movements. With a continuous operating coil he 
can get a condition, where he just gives the coils sufficient of a 
start for the copper tips to touch, draw an arc, and freeze in. 
The only excuse for the external resistance in shunt coils 1s to 
get a snappy action 1n the coil, so that it eliminates, to a large 
extent, the possibility of touching the tips and freezing the con- 
tactors in. 

Paul Caldwell: Regarding the last point brought up by Mr. 
Coev, I have a suggestion to offer, which will eliminate this 
trouble. A contactor coil wound for 125 volts with liberal 
overload capacity, will stand 220 volts applied intermittently 
on service as outlined by Mr. Coey. These coils will give the 
contactors the snappv action required of them on rapid reversing 
service and have been successfully emploved for several vears. 
А uniform installation can be made by using 125-volt coils for 
all classes of service, connecting them, two in series for ordinary 
service and directly to 220 volts for service first referred to. 

Mr. Соеу also mentioned a particular screw down on which he 
has been able to secure faster operation by means of dynamic 
braking than by plugging. It has always been mv opinion that 
dynamic braking is a negative or retarding torque whereas 
plugging is a positive torque applied in the reverse direction to 
rotation. 

It seems to me, though Mr. Coey states he has accomplished 
this result, there might be some error in the calculations as to 
the time reauired to stop between the two methods, or there is 
some special feature which has not been mentioned by Mr. Coey. 
Personally, I believe that a positive torque, exerted in the re- 
verse direction to rotation, will bring a motor to rest more quickly 
than a negative torque, such as dynamic braking, which loses 
its energy as the speed of the armature approaches его. 

With reference to Mr. Кірсе paper in the tabulation for hot 
and cold saw work, he recommended a simple automatic push 
button control. I believe it woul! be better to add dynamic 
braking. A cold or hot saw will usually run several minutes 
after the motor is disconnected from the line, whereas with 
dynamic braking, it would be stopped in a few seconds. This 
application has been successfully made and I believe the advan- 
tage gained from standpoint of safety warrants the additional 
expense. 

Mr. Metz has brought up the question of manual control for 
cranes, and made some comparison between the dial tvpe and 
the drum type, or what he terms the “ street саг” controller. 
The “street саг” or drum controller has many distinct advan- 
tages which a dial tvpe does not possess and I am glad to see 
that it is being more universally used for all classes of industrial 
work. 

From the standpoint of safety, the drum controller affords 
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complete protection to the operator, being entirely enclosed апа 
having no live parts exposed. It is both dust and moisture 
proof, and can be successfully used for outdoor work as well as 
indoor. 

On the other hand, nearly all dial controllers are unprotected, 
thus exposing the operator to contact with live parts. 

There is always more or less arcing or flashing connected with 
the operation of these forms of controllers and blowout devices 
are emploved to minimize this and to insure the successful break- 
ing of the circuit at the “ой point." This is more success- 
fully accomplished in the drum type controller Бу virtue of the 
fact that a flash board is used in connection with the blowout 
which causes the arc to be directed away from the contact point 
and also prevents it spreading to adjacent segments or fingers. 
With the dial controllers, there is no means of controlling the 
direction of the arc and the result is a sputtering effect which 
produces a severe burning between segments. Also where the 
service requires the controller to break high peak loads, it is 
frequently necessary to provide magnetic switches to open and 
close the main circuit. 

This continual flashing on a dial controller, especially where it 
is mounted directly in front of the operator, is not only dangerous 
but impairs the operator's vision and frequently results in per- 
manent injury to the evesight. This fact was brought out ina 
recent meeting of the Association of Iron and Steel Electrical 
Engineers, devoted to safety. It was also mentioned by one of 
the foremost steel millengineers present that this flashing was so 
noticeable at night that the cranemen apneared to be exchanging 
flash signals instead of operating controllers. 

In regard to making repairs, the drum controller is as accessible 
as the dial type. It is no more difficult to remove the cover 
from a drum controller and replace a clean finger or segment 
than it 1s to renlacé the badly burned segments or brushes of а 
dial controller. 

When applied to hoisting service where dynamic braking is 
used, the drum controller will provide better operating character- 
istics than the dial tvpe. On account of the construction of the 
dial controller, making it necessarv to pass over the resistance 
segments in consecutive order in both directions of operation, 
its speed adjustments in one direction are limited by the speed 
requirements in the other direction. That is, any change of 
adjustment in speed values in the lowering direction necessarily 
changes the speed values in the hoisting direction. Vice versa, 
апу change in the hoisting speed values, also change the lowering 
speed values. 

With drum controllers these speed adjustments can be made 
independent of one another 1n asmuch as the resistance contact 
need not be arranged in consecutive order and may he staggered 
to meet апу conditions. "This permits of one or morc steps of 
resistance being used in the field circuit to secure high speeds 
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when lowering without having this same resistance in circuit at all 
when hoisting. 

With this flexibility of speed adjustments it is possible to secure 
a lowering speed with light hook of 150 per cent rated full load 
speed of motor and at the same time not reach a dangerous full 
load lowering speed or impose any limitations on the hoisting 
speeds. 

I do not believe it is possible with a dial controller to come 
within probablv 30 per cent of the high lowering speeds secured 
with a drum controller and not materially effect the speeds in 
the hoisting direction. I should like to know if it has been 
accomplished. 

J. A. Albrecht: In respect to the dynamic brake controller 
on the screwdown, my experience has shown that Mr. 
Соеу is right. It is not necessary, as Mr. Caldwell says, to wait 
for the tail of the curve on the dynamic brake. As you all know, 
when you apply the dvnamic brake you get quite a rush of cur- 
rent which stays up for a time and then falls off very gradually. 
Where the time is lost 1n dynamic brake controllers is on the tail 
of the curve, where there is practically no braking action. 

Mr. Coey also brought out the point that the operator, if he 
did not get the correct stop to his dvnamic brake, would plug. 
By means of a double pole contactor with one of the contactors 
doubled through the dynamic brake, by the back contact action, 
the back being closed by gravity and electrically sealed, we can 
prevent the reversal until the motor is practically at rest. 
But if we are willing to stand for a little plugging, by shunting 
the series coil which holds the dvnamic brake contact closed, 
we can entirely eliminate the tail of the curve. We can get our 
effective dynamic braking action, and then at a certain point, 
probably at 50 per cent full load current or higher, if we desire, 
we can allow our reversing switch to close in the other direction, 
and thus cut off the tail of the curve and save considerable time 
I think that method of screwdown operation has been con-. 
clusively proven to be the fastest drive. 

T. E. Tynes: There is one point which has been touched on 
rather lightly this afternoon. Mr. Rushmore made mention 
of there being 5000 different motors of one type. I think we 
have about five thousand different motors of several types, and 
I want to put in a plea here this afternoon for standardization. 
Why cannot the motor builders, when thev get a good thing, 
stick to it? The salesman calls me up on the telephone and 
says: “ I would like to make an appointment to see vou. I have 
a new type of motor I would like to explain to vou and tell you 
of its merits," and my heart sinks within me. I сап call to mind 
twenty different kinds we have in our plant, besides four or five 
different sizes of these different types, and you can imagine the 
time we have in keeping spare parts for these motors. We have 
to carry an enormous stock of supplies in the wav of spares, and 
that means tying up quite a considerable amount of capital. 
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I think within the last four or five years, or less than that, 
there is not a motor manufacturer represented here but has 
changed his standard in some particular or another, just enough 
to make it impossible for us to apply some of the spare parts we 
have for the other types of motors, to these newer motors. Then 
when we buy this new type of motor, we immediately have to 
buy spares to secure the protection that the mill superintendent 
demands. 

Mr. Motz spoke of its not being good engineering to apply 
a 50 h.p. motor to a 25 h.p. motor shaft. It may not be good 
engineering, theoretically, but I think it 1s good practical en- 
gineering to apply a 25 h.p. motor to control а 20 h.p. job, rather 
than to carrv a special design of motor for that particular job. We 
have to look out for the investment side of it, as well as the 
theoretical engineering side of it. 

К. A. Pauly: I will sav one word in reference to what Mr. 
Tvne spoke of, because I think he hit the motor manufacturers 
a httle too hard. In the first place, there are two reasons why 
the designs areso rapidly changed. The fundamental reason is 
the fact that the whole development of the art has taken place 
in such a short time that many of the old machines which were 
inefficient and 1nadequate to meet the needs of service are still 
in service. That means in most plants there are representatives 
of all stages of development. In the second place, the manu- 
facturers of motors wish that the users of motors would standard- 
ize their practise. It frequently happens that when we get a 
motor standardized and we make quotations based on that motor, 
we are told that itis alittle different from what some one else 
has quoted on, and that our proposition will not be acceptable 
unless we quote a motor as specified. There is cause for com- 
plaint on both sides, but the matter will straighten itself out 
when the art is older and there are not so many changes made 
in the motors. 

W. T. Snyder: I was very much interested in Mr. Stratton’s 
paper. I think these simple equations, such as he gives are 
very good. They are certainly appreciated by the operating 
men; not that they should lean on these equations altogether, 
but to use them in a way, in connection with an ammeter, a 
voltmeter and a stop watch. I mean to say they are good 
things to check up with. Sometimes we get rather suspicious 
of these theoretical calculations; but at the same time I do not 
think we want to take the stand that we desire to discourage 
them altogether. We do have use for them, and I want to 
thank Mr. Stratton for them. We would like to have some 
more of them. 

I was very much interested in what Mr. Rushmore said 
about the five thousand different kind of motors. There 
certainly could be a lot of work done in that direction by a 
well balanced committee getting after a condition of that kind. 
I believe that if a committee, made up of controller users, 
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motors users, representing the applications to which these motors 
are put, would go through these five thousand different types 
they could be reduced very materially. I do not believe any 
one of them could do it—I do not believe the controllers can 
be cut down by themselves, and I do not believe that.the motors 
can be cut down by themselves to any great extent. All of 
the factors must be taken into consideration. 

In regard to mistakes on application, particularly roll tables, 
that Mr. Coey referred to, I was just wondering whether he 
should not say that most mistakes which have come to notice 
have been made on mill tables and screwdowns. That appli- 
cation is pretty close to the management, and a mistake made 
there is generally known, but I do not bclieve it is the only 
place where mistakes have been made. 

I happen to recall a crane, which was hard pushed to kcep 
up with the mill, not so much on account of the speed of the 
crane, as the continuity of operation, and the mill management 
wanted to know if something could not be done. By the time 
they got a roll ready they did not have any crane; on account 
of trouble with the controller, trouble with the brake, trouble 
with the motor, and trouble with upsetting the lifts. We 
analyzed the condition and decided to cut down the speed by 
changing the gear reduction on the hoist motor and also on 
the trolley motor and now when we are fecling blue about 
something else we go around and ask the mill manager how his 
crane suits him, and he says it is the best he has ever had. The 
same thing applies to delivery tables for the mills. We prob- 
ably have delivery tables running, taking but a fraction of a 
minute to deliver the material from the mill, and it takes the 
mill a minute and a half to roll the material, and what is the use 
of getting the product away from the mill in a few seconds, 
and then have the table shut down or running idle? I think 
it is better to slow down the table and let it carry the product 
away from the mill at the rated speed. This would apply 
particularly to a plate mill table where there must be a certain 
amount of cooling, and which may as well be done on mill 
tables as on the cooling bed. | 

Мг. Coey made reference to the trouble with master controllers. 
I can bear him out on that point, not only with respect to master 
controllers, but push buttons. We had a good deal of trouble 
in getting a push button that would stand up. The push 
button and the master controller are the nearest things tothe 
operator and about the only things an operator can abuse in 
connection with an automatic controller. We know that the 
operators, as well as ourselves, get out of humor sometimes, 
and very often the master controller or anything that is handy 
has to suffer. There is a good deal of trouble from that source— 
the mechanical weakness of master controllers and push button 
switches. 

Mr. Pauly brought out the point that this matter of stand- 
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ardization is not up to the manufacturers. I quite agree with 
him there. The manufacturers are going to give the purchaser 
just about what he wants, providing the purchaser will pay 
the price. All must work together on that subject. 

In further reference to the matter of standardization of mag- 
netic controllers, I would say that the Association of Iron & 
Steel Electrical Engineers have this matter up through their 
Standardization Committee, with an idea of starting in to 
standardize the simpler types of controllers. It seems to me 
that with the controller properly standardized, we should be 
able to offer a controller of a certain type, instead of specify- 
ing a 30 h.p. controller, which has to be idle so many minutes 
a day and so many minutes a day busy, and things of that kind. 
We would be able to specify, for instance, a screwdown controller 
for a certain size blooming mill of a given capacity. Specifi- 
cations should be given to the different manufacturers so that 
we should be able to call for 10-ton cranes for ordinary service, 
hard service and the like. We should also be able to call for 
a controller for a 10-ton machine shop crane, and a controller 
for a 10-ton foundry crane, and these two controllers would 
probably come off the same shelf. I think that controllers 
could be standardized along that line and make it much simpler 
for everybody concerned. 

К. А. Pauly: With reference to the question of the number 
of standard motors, the following figures may be of passing 
interest—take for example, a line of induction motors, and 
consider only one size, from 1 to 200 h.p., inclusive. There 
are approximately fifteen different capacities which must be 
designed for five different voltages, 110, 220, 440, 550 and 2200, 
making seventy-five in all; three frequencies, 25, 40 and 60 cycles, 
which raises our number to 225. The speeds required will 
probably average about four which again increased this num- 
ber to 900. Water resisting, fire resisting and ordinarv in- 
sulation will probably average about two per size, making 
the total 1800. Allowing two as the average for open, en- 
closed and semi-enclosed, vertical, horizontal, etc., our figure 
is 3600. Then the types used for crane, mill, constant rating 
with other special ratings, will approximately double this figure, 
making it 7200. Then if we consider the broad subdivision of 
squirrel-cage and polar wound rotors, it will approximately 
double this, making our total 15,000. 

I think the manufacturers will all appreciate any suggestion 
from the users as to where we are to begin to make the reduc- 
tion. | 

H. D James: In discussing the question of standardization 
I think a word of commendation should be said for the steel mill 
 enigneers. About ten years ago the application of electricity 
to steel mills was being seriously considered and the develop- 
ment was becoming quite extensive. The electrical engineers 
of the steel mills organized and standardized a considerable num- 
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ber of their requirements, such as the speeds of motors, volt- 
арев,сіс. This has helped the manufacturers in producing better 
apparatus and making better deliveries on same. 

Undoubtedly the manufacturer would like the customer to 
state his requirements but he must assist the customer as the 
result 1s a question of adjusting manufacturing conditions to 
accomplish the wants of the customer. During the past ten 
years a great deal of information has been obtained by tests 
and the tabulation of data which enables the electrical engineer 
to apply motors to the various operations in the steel mills with 
as much, if not greater precison, than the application of motors 
to traction work. In a number of cases the electrical engineer 
has been able to guarantee the kw-hr. required to roll a ton 
of metal. 

Mr. Stratton’s paper is entitled “ Mill Controllers " but it 
deals largely with motors. I think this is perfectly proper be- 
cause 1f the motor is not properly selected it 1s very difficult 
for the controler engineer to furnish apparatus that will give 
satisfactory results for the equipment as a whole. The con- 
troller simply supplies the functions which the motor itself does 
not have inherently in its own design. I believe we are get- 
ting closer to the solution of electric drive when we discuss the 
motor and controller together as we have been doing here this 
afternoon. 

Г hope that business conditions in the electrical industry 
will enable the manufacturers to cooperate still further with the 
operating men so that fewer sizes and varieties of motors and 
controllers will be required. This will not onlv benefit the 
manufacturers but will reduce the number of spare parts re- 
quired bv the customer. 

Graham Bright: I wish to sav a few words more in defense 
of the manufacturer. The condition in motor design can be 
compared somewhat to the fight between large guns and armor 
plate. Every time some fellow brings out a new armor plate 
the gun makers get busy and bring out a gin to put a hole 
through it. That has kept going on for years, and is the reason 
why neither armor plate nor guns become standardized. Every 
time the motor manufacturer comes out with something a 
little better, another manufacturer attempts to improve on it, 
and so it goes on. If the art of steel manufacturer was at a 
standstill, the manufacturer of motors could bring out a line 
of motors which could be standardized; but the steel mill art 
is being improved right along. As fast as we bring out a motor 
which will mect a certain set of conditions, the mill operators 
immediately establish a new set of conditions, more severe in 
many cases. This makes it necessary for the manufacturer to 
immediately get busy and bring out a new motor to mect these 
conditions, so we are not altogether responsible for these many 
changes in types of motors. It is merely caused by the advance 
in the art of both steel making and motor design and will prob- 
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ably continue for some time. It is hardly probable that any 
standardization will be such that a set of motors will be brought 
out that will last for ten years without change. 

W. Н. Markland (by letter): I am very much pleased with 
the improvements that have been made in motor control in 
the last few years, especially the so-called push-button control 
as applied to d-c. motors. These are reducing the repair ac- 
count both for motor and rheostats as compared to the old dial 
and drum types of control. 

In some respects Ц would appear that the machine tool 
builders when applving motors do not give the question of 
control the attention it deserves. Оп several machines made 
by good concerns the rheostat appears to be located any where 
and not in reference to handy reach. 

On a number of machine tools the friction clutch is employed. 
Where a d-c. motor is used this could be profitably done away 
with by emploving a standard make of push-button control 
with push buttons placed convenient to the operator. This 
wil result in a saving of current as the motor would be idle 
when not cutting, in place of present practise of running motor 
tight. 

One method of remote control that was new to the writer 
in application тау be of interest. A six-foot drill press of 
standard make was worn from long continuous service and was 
returned to the makers for general repairs and application of 
d-c. motor. A motor was applied in the customary manner 
except that the customary friction clutches for controlling for- 
ward and backward rotation of drill spindle were omitted; that 
is, the power was transmitted from motor to spindle through 
the customary gears and shafts. The motor being variable 
speed and was controlled for forward and backward rotation 
by a switch similar in general appearance to a drum controller, 
this being placed on the drill spindle housing directly in front 
of the operator; also a field control rheostat was placed near 
the motor. When the handle of control switch 1$ 1n horizontal 
position the motor 1$ at rest or if thrown from either running 
position to this position the dynamic brake is applied. Handle 
in down position, motor run forward. Up position. backward. 
Between horizontal and up or down the motor comes to rest 
slowly. It has been found that the drill press can be reversed 
in a fraction of a second and that it 1s entirely safe for tapping 
holes and has all the advantages of the former clutch arrange- 
ment without the disadvantages. When not drilling, the motor 
is at rest as it takes very little effort on the part of the operator 

to stop the motor. There is nothing new or novel in the motor 
` control and similar outfits may be bought from several concerns. 

In these days of sharp competition it is quite essential to 
reduce the labor of the tool operator as much as possible and 
with a proper arrangement of control apparatus a larye num- 
ber of steps may be saved in the course of a day's work. 
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Palmer Collins (by Ictter): The development of electrical 
apparatus for use in steel mills has resulted in a wonderful im- 
provement in methods of handling auxiliary apparatus and has 
resulted in the use of types of apparatus which would be im- 
practical without the use of electrical drive. Mr. Stratton, in 
his paper on mill controllers, has given some of the reasons for 
benefits to be derived from electrical apparatus, and I think 
in addition to those he gives, there are two other results of the 
use of electrical apparatus in a steel mill which are of great im- 
portance. An electrical system unlike a direct engine or a hv- 
draulic drive has no definite maximum capacity. The individual 
motors can have several times the capacity of the generating 
station which can take care of peak loads without trouble, as 
can also the individual motors. The engine or hydraulic drive 
has a fixed point of maximum power and fails when called upon 
to give more than this to take care of any extraordinary con- 
dition. In addition to this, the electrical drive of auxiliaries 
such as roll tables, etc., practically always results in a reduction 
both in the cost of repairs and 1n delays caused by breakdown 
of the apparatus itself. This is due to the improved starting 
characteristics of the motor, particularly, if it is equipped with 
automatic control. 

I believe that the use of automatic control is of great im- 
portance in steel mill service. I have installed it on main roll 
drives, heavy hot metal open hearth cranes, reversing roll tables 
and all kinds of miscellaneous motors down to 3 h.p. J believe 
that in practically all cases it is superior to any kind of hand 
controller. Considering the type of men which necessarily 
handle motors, it is much safer and its use undoubtedly results 
in less trouble with motors and machinerv. My expenence 
with these self starters has, on the whole, been verv satisfactory, 
but occasionally I have had experience which led me to believe 
that the manufacturers have not kept in mind the number of 
times which this apparatus is used per day and the wear and 
tear caused Бу the continuous use. In consequence, the ap- 
paratus has been built, too light for the service. This applies 
even to the latest design of apparatus by some manufacturers. 
I have found in both self starters and hand starters of several 
manufacturers a relay in the shunt field of a starter for a com- 
pound motor. This has invariably caused trouble, particularly 
if the motor is subject to quick variations in load, as this relay 
is very liable to be de-energized by the sudden increase in load 
on the motor. 

I think that Mr. Stratton's point in regard to the slipping of 
the rolls on the material is very well taken as it is my experience 
with the reversing roll tables, that the rolls slip on material 
considerably and that the acceleration of the motor and table 1s 
liable to be much faster than is necessary. Where an engine 
drive of reversing mill tables has been replaced by motor, this 
is particularly liable to be the case as the information is based on 
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data derived from the engine performance and may be biased 
by the anxiety of the mill operator to insure quick operation. 

C. D. Gilpin (by letter): I wish to congratulate Mr. Stratton 
on showing us that mathematics as applied to steel mill engineer- 
ing may not be as mysterious and impractical as most of us 
think. Тһе method of regarding all the properties of the 
mechanism as concentrated on one shaft is one which the writer 
has found almost essential when making an analvsis of the per- 
formance of certain high speed mine hoists. There is an element 
that enters into these calculations, however, that Mr. Stratton 
has not touched on, but which is hkely to be somewhat puzzling. 
This element consists of the friction losses in the gears and 
countershafts, and is often taken as a constant quantity. When 
so taken, it mav be added to the actual load torque, and this 1s 
undoubtedly the best wav to work out an approximate solution. 
Actually, however, the friction varies with the amount of power 
which is transmitted through the gears, and in cases where great 
accuracy 1s required it is necessary to consider this feature. 

The writer wishes to take exception to Mr. Stratton’s con- 
clusion in which he states that the kilowatt hours necessary to 
move the machine any number of revolutions is least when the 
time, £, is a minimum. This is true through a certain variation 
in time values, but when / is reduced below the critical point, the 
kilowatt hours will again begin to rise. Mv conclusions in this 
matter are based on Mr. Stratton's equation (6) which 1s as 
follows: 
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Let the numerator of the quantitv undcr the radical be repre- 
sented bv ki, while the quantities gr and gF may be represented 
by k: and k; respectively. (АП of these three terms are constants 
for any particular case). 
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Let work be represented by Ttp, in which the constant p is 
merely a conversion factor between torque and amps. input. 


Then, work = W = Ttp; and Tf = wt 
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and W = Dis t+ £2 t^; differentiating, 
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This indicates that to keep the expenditure of energy to a 
minimum, the acceleration torque and the load torque should 
beequal. Applying equation (c) to Mr. Stratton's equation (15), 
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It may be interesting to substitute in this equatioh the con- 
stants used in the example worked out bv Mr. Stratton. We 
will then have the equation, 


which happens to be close to the value obtained by Mr. Stratton 
(3.46) for the best value for quick starting and stopping. 

It would be interesting to work out the current curve of the 
mechanism for which Mr. Stratton has given the constants, 
assuming that the countershaft must make a given number of 
turns, and using both tke old gear ratio and the new ones de- 
veloped by Mr. Stratton and тусі. Such an analysis, how- 
ever, would take a considerable length of time and could not be 
considered as a general case. Owing to the varying speed 
characteristics of the series motor, it is impossible to work out 
any general formulas except for acceleration and retardation. 

For this reason also it is impossible to develop any general 
expression for the heating of series motors. 

It should be borne in mind of course, that the primary object 
of the gearing of steel mill machinery is not to keep the power 
input and heating of the motor to a minimum, but is to facilitate 
the handling of the steel at the highest practicable rate, as 1$ 
very ably developed in Mr. Stratton’s paper. 
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DISCUSSION ON “ ALTERNATING-CURRENT CONTROLLERS FOR 
STEEL Mitts” (Simon), “THE ALTERNATING-CURRENT 
Coat Hoist ” (Brown), PITTSBURGH, Pa., APRIL 16, 1915. 
(SEE PROCEEDINGS FOR APRIL AND May, 1915.) 

(Subject to fsnal reviston Jor the Transaction s.) 

Raymond E. Brown: One of the papers presented made men- 
tion of the desirabilitv of having motors of a sufficient size to 
operate part of the time at reduced load, to keep the commutator 
in good shape. The desirability of low temperature limits for 
rheostats was also discussed. 

When the mill is buving electrical apparatus, it should be a 
comparatively simple matter to Рауе recommendations like these 
carried out, but it is different with a manufacturer of cranes and 
hoists. He is making machines that contain various amounts 
or electrical apparatus, is obliged to sell against strong com- 
petition, and frequently finds, after including in his proposal a 
number of refinements that help to make economical operation 
and low cost of upkeep, that the various bids are merely reduced 
Бу the purchaser to a pound price basis and compared from that 
viewpoint alonc. 

You cannot expect a manufacturer to include in his product, 
whatever it may be, many refinements whose value is not yet 
well recognized by purchasers, unless they effect a saving in the 
balance of the machine or serve to increase its output. 

In the' discussion on screw-downs and roll-table drives, it was 
brought out that in some cascs a considerable saving in power 
could be effected by using two small motors in place of one large 
one. This hoist, where the load will coast upward about eight 
fect after power is shut off, тау at first glance appear to be 
another place where the same thing would be true, but it is not. 

If the operator shuts off power at the proper time, the kinetic 
energy of the rotating parts, as well as that of the ascending 
load, may be completelv utilized in hoisting the load, and the 
brake should be applied only in time to prevent the load from 
starting downward. 

The heavy flywheel effect of the large rotor is also utilized in 
starting to hoist the bucket. The motor during the final closing 
of the bucket reaches a spced high enough so that as it 1s slowed 
down by starting the bucket upward. It delivers some of its 
surplus energy and reduccs the peak load occurring at the begin- 
ning of the hoist, which 1$ ordinarily the maximum. 

Where power is purchased, the rate is often determined bv the 
peak load, and consequently there appears to be an economic 
advantage in the use of a single large motor for the hoist where 
there is sufficient head room to give the necessary leeway for 
coasting to a stop, even though many other parts of the mill are 
better off with motors having as small a flywhecl effect as 
possible. 

M. A. Whiting: Mr. Simon compared the solenoid-operated 
oll switches and air-brake switches (or air-brake contactors as 
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thev are sometimes known). His comparison is entirely favorable 
to the solenoid-operated oil switch. Now, in cases where ап 
oil switch 1s satisfactorv, a hand-operated oil switch has manv 
advantages over cither a solenoid-operated oil switch or an 
air-break contactor. In cases where solenoid operation 1$ re- 
quired in any case, the question 15 one between the design and 
cost of solenoid-operated ой switches and air-break contactors 
There are certain cases where the air-break contactors are far 
more reliable and are preferred by the trade. Those cases аге 
mine hoists and similar classes of work in which the number of 
operations per day is very large. In this case the carbonization 
of the oil is entirely eliminated by the air-break contactors, and 
the contacts are open to inspection at any time, so that wear 
can be more easily kept track of. Furthermore the wear on 
the tips of air-break contactors 1s 1n many cases less than the 
wear on the tips of corresponding oil-immersed devices to do 
the same work. This last statement 1$ at variance with com- 
monly accepted ideas, but tests have been made which tend to 
show that there is considerable difference іп wear of contacts 
in favor of the air-operated contactors, surprising as that mav 
secm. Гат not prepared to state that that would be universally 
true, but at least there is some tendency in that direction. 

The air-operated contactors as we use them are not to provide 
the ultimate rupturing capacity for a short circuit on the power 
system, but rather as control devices for making frequent 
starts and reversals. The ideal arrangement for such frequent 
operating control equipments is air-break contactors for forward 
and a reverse, with a normal design of oil switch for ultimate 
protection in case of the comparatively infrequent excessive 
overloads or short-circuits. 

As to the extent to which air-break contactors have been used, 
I can say that we have sent out over one hundred equipments, 
meaning over 200 contactors of the air-break type. One such 
pair of contactors is in use in a rolling mill equipment on the 
South Side in Pittsburgh, and a number are in use in this im- 
mediate vicinity, at Greensburg, Montour, and elsewhere. 

A direct comparison of the air-break contactors and solenoid- 
operated oil switches for frequent reversing service is aftorded 
by the experience on the Rand in South Africa. Complete 
American equipments of hoisting motors and control have been 
shipped within the last half dozen years. In addition to this, 
since the time when such equipments have been shipped to South 
Africa and put in operation, a large number of orders have been 
received for nothing more than a pair of 2200-volt air-break 
contactors to be used to replace solenoid-operated switches of 
various forcign makes, principally German, I believe, to be used 
with existing secondary controls and existing hoist motors. 
Some minor modifications have devcloped for use at 3300 volts, 
and a number of such equipments arc in use in America. 

The use of such air-break contactors is more general in mine 
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hoisting work than ш rolling mill work, because, of course, the 
large 2200-volt induction motors in rolling mill work under 
ordinary conditions are not started and stopped with anything 
like the frequency of the average mine hoist motor. Never- 
theless, there have been а few instances, even іп rolling mill 
work, where these air-break contactors have been applied 
advantageously. 

J. H. Albrecht: I would like to take exception to the state- 
ment Mr. Simon made concerning the accelerating relay as used 
in the secondary or induction motors. The relay he shows in 
his panel in Гір. 7 is the ordinary drop out U type magnet, and 
we found it to be almost absolutely independent of frequency; 
that is, we can vet definite and reliable current settings on the 
relav, independent of the frequency. We can go down as low 
as his cycle and a half, even, without having the operation of 
the relay affected and it does not chatter. 

When you get down to the business of relay acceleration, I 
believe the single phase relay 1s the simplest proposition, И vou 
can get the relay to work satisfactorily. That type of relay 
on the secondary necessitates a lap of auxiliary contactors or 
butterflies on your secondary contact to provide the necessary 
safety and interlock, and that means a complexity of control 
wiring. If vou go to the individual three-phase relay in the 
secondary circuit 1t means a complication of the strap wiring 
and the individual single-phase relay is the simplest, as far as 
connection, and I believe as far as operation 1$ concerned. 

Mr. Whiting 1$ very correct in his statement of the superi- 
ority of the air-break switch over the oil switch, and I would 
like to emphasize the point he made about the necessity of 
putting an oil-breaker back of your panel of sufficient ultimate 
breaking capacity to take care of any short circuit or any very 
great overloads. We have recently finished some very suc- 
cessful tents on air-break switches. We found that our switch, 
which will carry 312 amperes will break 600 атрегез, and we 
have succeeded in breaking 600 amperes at 2000 volts 30 per 
cent power factor. You will realize that is a heavy inductive 
load, and the switch has successfully handled that with a slight 
wear on the contacts. 

I believe Mr. Simon stated he got 50,000 operations on some 
oil-breakers without any excessive deposit of carbon. І 
would like to know whether the figure 1s not exceptionally high 
for apparatus of that class. Taking the case of mine hoists, 
where the device is operated quite frequently, we get very 
great smoking of the oil at perhaps three or four day's opera- 
tion, and smoking of the oil of course means carbonization 
and in some cases trouble in a short time. I would like the 
Operating men who have had experience with these switches to 
give me an idea what is the average run of the oil in these 
Switches. 

К. H. McLain: “ Jamming " relays are mentioned, and since 
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Mr. Simon does not discuss jamming relavs very fully I think 
it would be well to add one point concerning them. I have 
heard of operators who consider that the jamming relay pre- 
vents strains on the apparatus which was being driven. I 
think it would be well to point out that these strainsare prevented 
only in a certain measure. The jamming relay operates only 
after the strain has taken place and not before, so it really does 
not prevent the strain, it only prevents the continuation of 
the strain. Furthermore, after the jamming relay operates 
there is a flywheel effect in the armature that will carry the 
hoisting ropes, etc., for a slight distance further, and nothing 
will prevent this except the give in the apparatus, such as stretch- 
ing of the ropes or slipping of something somewhere. I think 
it is well to advise the use of some kind of a slipping friction 
clutch between the motors and the driven parts where absolute 
protection is needed. There are certainly valuable features in 
connection with the jamming relavs, because they will prevent 
a continuation of the strain, and still enable the buck-t to hold on 
toitsload. If a friction clutch is used, after the friction clutch slips 
a small amount, the jamming relay will prevent it slipping 
further, and thereby relieve the friction clutch of any wear. 
Consequently the friction clutch will remain in better adjust- 
ment and be better prepared to take care of the operation the 
next time. | 

In regard to current-limiting relays of the individual type for 
each accelerating contactor, I notice that the claim is made 
that with these relays an individual adjustment can be made 
to suit the conditions desired for accelerating as the various 
contactors are closed. The relay shown in the paper would 
operate as follows: After the first contactor closes, and we are 
depending on the current-limit relay to prevent the succeeding 
contactor from closing, this relay must pick up and open and 
control the circuit before the second contactor closes. In other 
words, it must beat the second contactor out, it must work 
faster. i 

The current relavs shown seemed to be set at successively 
lower values, that is, the first relay might drop out at 105 
amperes, the next 103, the next 102, and so on each seemed to 
set at lower valucs. Is it necessary with this kind of relay, 
in order to accomplish the result, that when the first overload 
is thrown on it will raise all of the relays and thereby climinate 
the chance of having a contactor beat out a relay in the suc- 
ceeding operations? If that is true, it seems to me that the 
claim that individual adjustments can be made to suit the 
conditions of operation is wrong, and that the adjustments 
really have to be made to suit the conditions of the relays; 
that is, adjusting each one at a successively lower value. 

Another point Mr. Simon mentioned, and brought out more 
fully in the paper, is the use of d-c. operated contactors on 
a-c. motors. It seems to me that this introduces another link 
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in the chain of things that might happen to prevent the opera- 
tion of the coal hoist. He has a low voltage generator to excite 
the a-c. hoist motor and a high voltage generator to excite 
the field of this low voltage generator, and also to supply d-c. 
for operating the contactors. If anything should happen to 
this high voltage d-c. generator, it would put everything out 
of commission. There would be no power with which to operate 
the contactors, and certainly no power with which to operate the 
dvnamic brake. Now, if alternating current were used for the 
contactors they could continue to operate the hoist by means of 
mechanical brakes for lowering for ashort time, or at reduced 
output. In that wav, there is an additional link in the chain. 

Another advantage of a-c. operating contactors is that no 
complications at all are required to give no voltage protection. 
For instance, if the a-c. power failsand the d-c. power does not 
fail, and then the a-c. power returns, it is necessary that all the 
contactors should have dropped out and come back in sequence. 
In order to do this with a-c. contactors no extra complications 
are necessarv, but with direct-current, some extra relays are 
required. 

Another point is the question of using accelerating rheostats 
connected in parallel rather than in series for hoist work. 
The parallel method has the advantage of making it possible 
to use divided circuits and small currents, and therefore the 
contactors can be small and of low cost, but it has this disad- 
vantage, that one leg of the rhcostat, if called on in an emer- 
gency to carry the motor at reduced speed for a considerable time, 
does not have the benefit of the capacity in the other legs to 
help it out; whereas if you had the rheostats in series and cut 
the successive blocks by the contactors, all the capacitv of the 
rheostat, all the weight of the iron would be in service when 
running at reduced speed, and this is certainly an advantage 
in regard to rheostats. 

Another disadvantage is that it takes a pretty good mathe- 
matician to adjust rheostats connected in parallel if anvthing 
goes wrong, whereas when thev are connected in series it is 
only a case of sliding a tap and experimenting with each tap 
as you slide it. 

Г certainlv think that Mr. Erown's coal bridge has marked 
quite an advance in a-c. coal hoists as to {Пе speed attained, and 
that it is quite remarkable to see how coal bridge builders can 
calculate capacity that they are going to unload, with all the 
variable factors that thev encounter. The manufacturer of 
electrical coal hoists has a hard job to predict all of the vari- 
able factors which he encounters, the varying shapes of the 
boat, and the uncertain quantitv of the human element, and 
he is doing pretty well if he will guarantee some capacity near 
to what is actually required. The temptation of these men 
who want to design reliable apparatus is to guarantee away 
above the capacity, so they will be sure to take account of all 
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these factors, and it indicates a great deal of skill when they | 


don't have to guarantee away above the requirements in order 
to make sure of mecting all of them. 

W. C. Kennedy: The discussion of Mr. Simon’s paper by 
the last two speakers brings up a point which is of great interest 
to the manufacturer. I refer in particular to the statement 
made that air break high tension switches are not circuit breaker 
devices, but that they should be installed in connection with hand 
operated circuit breakers to take care of emergency conditions. 

That question is not one which pertains to a difference be- 
tween high tension oil switches and high tension air break 
switches, but rather is a difference between a magnetically 
operated switching device and a hand operated or circuit clos- 
ing switch. It is impossible to make a magnetically operated 
switch, either direct or alternating current, that will be a good 
circuit breaker to take care of emergency conditions and at 
the same time be a magnetic switch of good design. This 1s 
true because, in a switch movement operated by a magnet or 
other electrical means, there is a certain amount of inertia їп 
the moving parts and also it is not possible to operate this 
switch with as large an air gap as one that is closed by hand. 
For this reason a hand operated circuit breaker should always 
be installed with either d-c. or a-c. equipments to take care of 
emergency short circuiting conditions. 

Another fact brought out in the paper was the operation of 
the individual series relay system Probably there may have 
been a misunderstanding in regard to the arrangement of the 
control circuits which is not entirely clear at first inspection. 
During the ordinary operation of the equipment it is not neces- 
sary that the 3-phase series wound relays first open the control 
circuit to their respective switches and then close it again when 
the current in the rotor circuit has dropped to a value dependent 
upon the setting of the relay. Such an arrangement would 
be absolutely impractical. What actually happens is that the 
contacts on the magnetic switches have a certain lead and the 
series relay actually lifts a very short distance before the con- 
trol circuit which it controls is energized. The only function, 
therefore, that the relay is to perform is that of dropping at 
the proper time, dependent upon its setting and in dropping 
it closes the circuit to the next succeeding accelerating switch. 

The accelerating current curve of the 1000 h.p. motor shows 
distinctly that the dropping points of the various individual 
rclays are different for the different switches. This is an ad- 
vantage which this system shares in common with the present 
d-c. methods of acceleration, in that it is possible to vary the 
accelerating current during the period of acceleration and 
thereby adapt it to different load conditions. In fact with 
this system of 3-phase accelerating relays, it 1s possible to ob- 
tain exactly the same accelerating characteristics as is at present 
obtained with direct current by the use of series, magnetic 
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lockout switches or shunt wound switches controlled by series 
relays. 

In regard to the parallel connection of resistance, it 15 
purely a case of resistance design. Sometimes it is very ad- 
vantagcous to use parallel connections, at other times it is 
just as advantageous to use series connections. For example, 
on motors of verv large capacities, it 1s absolutely necessary 
to parallel groups of resistance. The main point to be gained 
by the parallel connection of resistance steps is that, as more 
accelerating steps are cut into circuit, the amount of available 
resistance material from which heat can be radiated is in- 
creased, whereas just the opposite is true where the resistance 
is connected in series. 

On the other hand, for purposes of speed control, such as 
for example on a large motor where a slip regulating resistance 
is used, it is more advantayeous to connect the resistance steps 
in series. Individual groups may be connected in parallel, but 
the resistance itself is in principle a series connection. If it 
is desired to run with 10 per cent slip on a motor with full 
load current, then the slip regulating resistance must dissipate 
approximately 10 per cent of the full load capacity of the 
motor; whereas, if 5 per cent slip is desired, then the resistance 
must dissipate only 5 per cent of the energy. It will readily 
be scen that in the second case onc-half as much resistance 
material only is required as in the first case, therefore a series 
connection of resistance is more advantageous. 

With a-c. work there is another point to be gained with a 
series connection of resistance. The series arrangement is very 
much easier to adjust than parallel connection, especially where 
resistance in three phases of the rotor must be considered. 
This is so apparent to some classes of work, especially hoisting 
service, that the hoist manufacturers almost invariably specify 
that the accelerating switches must. be made of the proper 
capacity for a series connection of resistance. This necessarily 
increases the cost of the equipment, but adds to the simplicity 
and adjustment. 

C. D. Knight: I desire to add a few words with reference 
to the oil and air break contactor situation. There is no doubt 
each of them have a verv decided field, but where frequent 
operation is required the air break type is the only one, which 
can be successfully uscd. | 

I know of one installation consisting of a 2300 volt, 1000 h.p. 
motor, which had two reversing contactors in oil, the duty cycle 
being so heavy that the oil was continually becoming carbon- 
ized, which necessitated its replacement so frequently as to 
require one barrel of ой а week. These contactors were re- 
placed with those of the air break tvpe, and apart from the 
occasional replacement of contactor tips, the maintenance 
charges have been practically nil. 

I also have a record of a test made on a contactor immersed 
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іп oil, which was operated at 5000 volts opening 50 amps. 
At the end of three thousand operations, the oil, which was in 
a perfect state at the beginning of the test, presented a very 
thick, muddy appearance, and was unfit for further use. Where 
the duty cycle amounts in a mine to twelve or fifteen hundred 
operations а day, it can readily be seen that the above test 
represents about a two day run for the contactors. 

I wish also to make a few remarks with reference to thc 
question of standardization. Mr. Pauly gave some figures, 
representing the various combinations, which could be obtained 
with motors. In the case of the alternating current, his esti- 
mate ran up to from 7500 to 8000, due to the different voltages 
frequencies and phases. In the case of magnetic control con- 
tactors those containing the same magnetic circuits, blow-out coils 
and contacts can be used for applications of a given current 
value. А different operating coil however, must be designed 
for each voltage and frequency, which naturally runs into a 
grcat number of combinations. 

We are all very optimistic regarding the future use of alternat- 
ing current in steel mills, and I believe if we could standardize 
on three-phase, 25 cycle, I will say nothing at present about 
the voltage, we could simplify matters considerably. 

W. F. Detwiler: I would like to hear from the manufacturers 
whether they have developed an automatic relay for protecting 
a two-phase or three-phase motor from operating on single- 
phase? Is there anything in that line that we can depend upon? 

J. H. Albrecht: We have had several requests for a device 
of that kind, and while there are certain schemes,—one notably, 
a German scheme, involving four or five different relays,—we 
have yet to find a satisfactory solution for that proposition. I 
do not believe there is a satisfactory solution right now to prevent 
a motor from running single-phase; at least, I have never seen it, 
and I do not believe there 1$ any in operation. 

In regard to Mr. Kennedy’s statement about using switches 
for circuit-breakers, we do not advise using them for circuit- 
breakers, of course. I have made interesting tests recently on 
d-c. contactors, and I have oscillograms showing a d-c. contactor 
opening a short circuit on a 500 volt power line, showing a peak 
of 60,000 amperes, at which point the oscillogram went off the 
scale. Out of respect to our power superintendent we cut the 
current in the next operation to 45,000 amperes, and then we 
reached the process at 30,000 amperes, and the contact was still 
partially therc. "That is an exceptional case, but shows what 
a d-c. contactor will do when it has to do it. On alternating 
current it would be a different proposition. 

C. D. Knight: I wish to state that there will soon be a relay 
on the market to prevent motors running single phase. 

W. О. Oschmann: There is a certain field in which the sole- 
noid operated switch is preferable to the air-break contactor. 
Take cases where you have only twenty or thirty operations in a 
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day's time and still expect to some time have reversing service 
on the motor, by the use of the air-break contactor you find it 
necessary to complicate your control circuit to the extent of 
providing some method of preventing the reversing contactor 
from coming in before the arc is interrupted on the contactor 
going out. We had a case where the arc held to such an extent 
that the incoming contactor closed before the arc was interrupted 
on the outgoing contactor, thereby producing a short circuit 
which not onlv burned the contactor, but also stopped all the 
synchronous apparatus on the system. The ordinary electrical 
interlock does not prevent the above trouble. 

We eliminated the short circuit troubles by placing a small 
transformer across the motor circuit, the secondary of this trans- 
former operates a small contactor which controls the circuit of 
the incoming contactor. It is evident that solenoid-operated 
oil switches would have avoided this complication. 

I notice іп Mr. Simon's paper that he uses a triple pole con- 
tactor of the air-break type. We have found that these triple 
pole contactors invariably break the arc on two poles only. 
Practically at no time will there be an arc on the three poles, 
therefore it seems a needless complication to use the additional 
pole, unless it 1s to take care of the voltage on the motor when the 
contactor is out, and this should be taken care of by an oil switch. 

Regarding the question of primary relays versus secondary 
relays, I agree with Mr. Albrecht that a single-phase secondary 
relay is in a great many cases better than the three-phase relay. 
I note the statement made by Mr. Simon relating to the use of 
current transformers for large secondary relays, it does not seem 
as if this would be as good as the use of a single-phase relay in the 
secondary, at least two series transformers would be required 
and with the very low frequencies very large, bulky series trans- 
formers would be needed. 

Graham Bright: I would like to make a few remarks re- 
garding the interlock on air-break switches. I have had some 
experience in operating a hoist in which reversal was very quick, 
and, as has been mentioncd, the атс sometimes holds long enough, 
where we have mechanical interlocking, to allow the other 
reverse switch to come in before the current is actually broken. 
That has occurred in a hoist where plugging was used to stop the 
hoist, and about once in every two thousand operations this 
short-circuiting took place. Of course, the voltage on the line 
dropped which immediately robbed the motor of its torque, and 
оп]у by the agility of the operator jumping on his foot brake was 
the cage prevented from causing a serious wreck. That was 
naturally trying on the nerves of the operator. I believe one 
method of prevention 1s to put an electrical interlock on reverse 
switches, which docs not permit of the reverse switch starting 
in until the current 1s broken. 

By electrical interlock I mean the true electrical interlock 
which depends solely on the current dving down to zero before 
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the reverse switch can come in and not the so-called electrical 
interlock which depends upon the movement of fingers over 
plates making or breaking contact. 

Mr. Brown made a statement I would like to take issue with, 
in regard to the weights and the inertia of the armature. He 
seemed to think it did not make much difference whether the 
armature was large with a great deal of inertia or small with little 
inertia. Heavy armature with high inertia will mcan a slow 
rate of acceleration and retardation with a corresponding decrease 
in schedule speed. Light armatures with small radii of gyration 
will permit of quick acceleration and quick retardation which in 
turn increases the schedule speed when the maximum speed is 
fixed. There is no question but that the rotating parts of the 
motor should have as low inertia as possible to keep down peak 
loads, and to Кеер the schedule as high as possible. 

He mentioned a geared limiting switch used for stopping а 
hoist in case the operator went to sleep. Sometimes in hoists 
we have plentv of room above the dumping position so that in 
case the power is not thrown off at the proper time, the geared 
limiting switch, if placed in the circuit, will take care of the stop 
nicely. On the other hand, there are a number of installations 
which have been equipped without this point in view, іп which the 
head sheaves are onlv a short distance above the dumping posi- 
tion. If we arrive at the dumping position at full speed there 
is not room to stop. If you apply the brakes you are too close 
to the hcad sheaves to stop and a geared limit switch under those 
circumstances is useless. You must produce some kind of a 
slow-down, and that has been accomplished in some coal hoists 
by a fly ball governor arrangement which works out very nicely. 
А geared limit switch is therefore in many cases of no value unless 
a positive slow-down 1$ also provided. 

C. D. Knight: I want to say, as far as I know, that electrical 
interlocks usually are used between these high voltage arc- 
break contactors—that 1s, in those I am acquainted with. 

J. H. Albrecht: The point Mr. Bright referred to was the 
opening of the clectrical interlock with the relay. We have an 
electrical interlock all right, to be held up bv a series coil, and 
the series coil is in series with the line contactor relay and will 
drop out on occasion, but until the arc is extinguished and the 
current has died to zero in the working of the motor, this relay 
will hold up and not permit the other switch to be energized. 

Clark S. Lankton: There has been considerable discussion 
concerning accelerating relays in the secondary control. My 
experience has all been with the single pole relay. There is 
one thing I have noticed. At the start, when the motor is at 
low speed the frequency will be high enough to get very good 
working conditions in the relay. When the motor approaches 
full speed, the acceleration is much greater, so that the last 
switches close very rapidly as compared with the switches on 
the low speed. It occurred to me that the reason we have good 
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operation with a single-pole relay is because it is not of much 
use when the motor is nearly up to speed. While the three- 
pole relay is theoretically good, yet the single-pole relay covers 
the purpose because of that fact. 

Speaking of the use of either the contactor or the eircuit 
breaker, of course if you use contactors you will need the cir- 
cuit-breaker. If you can combine the two you save that much 
in first cost, but there may be added complication to your system. 
Where it is possible to use a circuit-breaker, I have found it 
good practise to do so. The service I have in mind is not partic- 
ularly severe, so that the carbonization of the oil 1s not the 
limiting feature at all. 

W. T. Snyder: There is one point I want to mention about 
the open face controllers and starting contactors. As we know, 
they are now in disrepute in the steel mills on account of a 
certain amount of danger even on the low voltage starters, 
not so much from shock, as from flashes and burns. The manu- 
facturers have recognized this and have started to provide 
covers for them. 

I noticed in one of the switches shown by Mr. Simon there 
is no method of providing for lowering the oil tanks. That 
becomes quite a problem on the large size switches, containing 
several gallons of oil, located back in the switch cell—it 15 hard 
to get a couple of men around them to lift them down. It is 
a job to lower them, cither to replenish the oil or to make ad- 
justments to the contact. On our high tension oil switches 
which have the oil tanks hanging underneath, we put a drain 
cock on the bottom. We first drain all the oil into a vessel 
and then it is easy to remove the tank. | 

Mr. Simon says: “ Тһе resistance has to be designed with 
a considerably heavier capacitv, and in some cases requires 
even continuous carrying capacity on all points. " It is not 
clear to me whether or not he means full load carrying ca- 
pacity, but if that is his meaning, his ideas conform to my own 
along that line. 

In regard to the coal hoist referred to in Mr. Brown's paper, 
I was wondering why he had two small generators to supply 
exciting current to his contactors and the fields of the other 
small generator, why one was not enough? I imagine it is be- 
cause he would have a factor of safetv of two. 

E. S. Zuck: I think I can answer the question Mr. Snyder 
raised about the two generators. The characteristics of the 
а-с. hoist motor were such that it required about 18 volts to 
furnish the necessary excitation current. The other machine, 
the 220-volt machine, was for operating the solenoid magnet. 
It is out of the question to operate the solenoid magnet from 
a machine having 18 volts. 

Mr. Brown makes a statement that in the case of a hoist 
the material to be handled is unlimited. This may be the 
case in a great many instances, but if I remember correctly 
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the motor manufacturers were advised in this case that the 
capacity of the tower was limited by the crushing machinery 
and the capacity of the hopper. I believe after one hour’s 
operation, starting with the empty hopper, the hopper would 
have been filled, even with the crushing machinery in opera- 
tion, so that would have limited the capacity of the hoist. 

The question of dynamic brake control for towers of this kind 
is one which has been successfully worked up in several cases 
and this is a notable one. I worked out the dynamic braking 
problem, and using d-c. motors the problem is somewhat simpler. 
The characteristics of the d-c. motor are pretty well known 
and for different motors are more or less the same. When you 
come to a-c. motors the characteristics are not likely to be 
the same at all. Each case requires careful consideration by 
itself. 

In this present case in the scheme of control used, the excit- 
ing current is not varied, there is a constant excitation on the 
motor used, and the control is obtained by varying the re- 
sistance. In this case I would like to call attention to the fact 
that the motor manufacturers gave values for the amount of 
magnetic resistance to be used in the rotor circuit, and so far 
as I know those were not changed by the control manufacturers. 

Another point which may be brought out is that there is 
always a certain amount of resistance left in the rotor circuit, 
and that the rotor circuit cannot be short-circuited when lower- 
ing under dynamic control. There is a definite limit beyond 
which you cannot go without running risk of losing control 
and dropping the bucket. 

W. T. Snyder: The gentleman did not get my question 
correctly. Mr. Brown said: “А small motor-generator set 1s 
located in each half of the engine room, supplving 220 volts 
d-c. from a 6-kw. shunt-wound generator for the coils of the 
contactors on the hoist and rack controllers." I take it from 
that that he has two of the gcnerators, one on each half of the 
hoist, and I was wondering, if that is the case, why he had 
two of them. 

E. S. Zuck: One generator is а 220-volt machine, while 
the other is an 18-volt machine. The 18-volt machine sup- 
plies excitation for the a-c. hoisting motor, while the 220-volt 
machine supplies the current to operate the contactor. 

Raymond E. Brown: There are two motor-gencrator sets, 
one on each side of the plant. In the motor-generator set 15 
a motor and two generators. This seems like a useless duplica- 
tion of material, but in the design of this hoist the idea carried 
out throughout was to have two completely independent units 
either of which could operate all of the devices. This idea was 
carried out from the point where the wires entered the build- 
ing. We separated everything on the first floor into two cir- 
cults, and everything being separated from that point up. This 
was done to make an economical plant for operation on half 
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capacity, as well as to prevent the breakdown in any one piece 
of apparatus being able to shut down the entire plant. 

С. Е. Stoltz: Mr. Lankton brought out the point of the 
relative action of the relay at different frequencies. There 
might be something else besides the frequency in the secondary 
that affected its action. In starting up a rolling mill, the bear- 
ings are sometimes tight and the relays are probably adjusted 
to take care of a rather heavy starting condition. As the mill 
1$ brought up to speed the bearings gain their lubrication, so 
that the mill accelerates much more rapidly as it approaches 
full speed. This mill тау have been at practically full speed 
before the last contactors had time to come in. 

There has been considerable discussion of oil-breakers, par- 
ticularly those shown on the lantern slide by Mr. Simon, which 
are used оп rolling mill drive. I believe he explained that this 
breaker was used on a 1000 h.p. rolling mill. We are coming 
to that in the application of hoists. Of course, the circuit- 
breaker and contactor both have their own line of application. 
The mechanical construction of the oil-breaker is not adapted 
for frequent closing. In rolling mills where the starting and 
stopping only takes place a few times a day, naturally the oil- 
breaker can withstand such service. But if it is necessary to 
run the mill back and forth, it is severe on the breaker, and it 
is necessary to put in an air breaker to take care of that condition. 

W. О. Lum: Mr. Simon showed the position of the oil- 
breakers as one for forwarding, another for reversing, and still 
a third for applying the direct-current for breaking. He also 
brought up the fact that this installation was made practically 
five years ago, and naturally cannot be fairly compared to 
present practise. Since that timc it has been practically adopted 
as standard to plug the motor; in other words, reverse it, in 
order to bring it to rest, instead of applving 4-с. voltage. Direct- 
current voltage for breaking has worked out very successfully 
on the hoist that Mr. Brown has described, but other cases 
of application require study, as there are certain stresses set 
up by the direct-current which we were not fully aware of т 
rolling mill practise. 

Mr. McLain brought out a point in reference to added com- 
plication by using d-c. operated 220-volt switches on the hoist 
Mr. Brown described. I doubt very much if the addition of 
the 220-volts, and this other unit that generates the power, 
will cause failure or shutdown any more frequently than if 
those switches were operated from the alternating-current which 
is supplied to the motor. Direct-current operated switches 
are better developed and have been in the field a greater number 
of vears than a-c. operated switches, so that we can depend on 
them to a greater extent. 

As to the application of the bridge or coal unloader, there 
is no doubt but what that will give fewer interruptions with 
the d-c. than with the a-c. operated switches. I have in mind 


. AA — ae eae a 
` 
* 


11 


2908 ALTERNATING-CURRENT CONTROLLERS [April 16 


one case where an attempt was made to install a full automatic 
a-c. hoist. I do not think its success has been nearly so great 
as it would have been if the switches had been operated by 
direct-current. 

C. D. Knight: I do not mean to state that alternating- 
current 1s as flexible as direct-current for all applications, but 
I do say that a-c. contactors as manufactured today are just 
as reliable as d-c. contactors. 

W. О. Oschmann: Last year at the Detroit Convention a 
description of a six-speed concatenated a-c. motor was pre- 
sented. This control has seven triple-pole low-voltage contac- 
tors, one double-pole low-voltage contactor, two triple-pole 
high-voltage contactors and two single-pole low-voltage con- 
tactors. The oil switch equipment consists of one triple-pole 
circuit-breaker, six hand-operated triple-pole single-throw oil- 
switches and one double-pole sinple-throw oil switch. It is 
quite a complicated control. It has been in operation about 
two years, and in that time has developed very little trouble. 
The most serious interruption being due to a broken control 
wire which delayed the mill a short time. This outfit is not 
handled by an electrical man. The engineer operating a Corliss 
engine in the immediate vicinity also starts and stops the electric- 
ally-driven mill, he also manipulates the oil switches to secure the 
various speeds desired at the mill rolls. In the time that this 
plant has been in operation it has clearly shown that if the 
interlocks and control equipment are taken care of 1n a manner 
similar to d-c. apparatus, the results will be equally as reliable. 
The contactors and interlocks are examined each week, cleaned, 
and kept in good repair, the whole equipment is cleaned by 
compressed air each week, and the results obtained on this 
mill indicate that the reliability of a-c. control equipment is 
as good as the d-c. equipment, even if the a-c. equipmens 1S 
more complicated. 

G. E. Stoltz: I ask if the control on a rolling iili is not 
probably started more than once an hour; in other words, 1$ 
not the operation of the switches about five per cent what it 
would be in the case of hoisting operations carried on contin- 
uously? 

W. О. Oschmann: The operation of a mill depends greatly 
on whether there is trouble at the rolls. There have been cases 
where this mill has started and stopped repeatedly for several 
hours, also it has been maintained at a very low rate of speed 
for an hour at a time. In ordinary operation the mill may 
start and stop four or five times a day. At other times it may 
have four or five starts and stops in two or three minutes time. 
It is a rolling mill proposition. 

G. E. Stoltz: There is hardly any comparison with a hoist. 

W. O. Oschmann: It cannot be compared with a hoist. 

J. D. Wright: There are manv tables and other auxiliaries 
at the Gary mill which are operated by a-c. control, where no 
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trouble has developed due to the use of alternating current 
rather than direct current. 

Mr. Oschmann made the remark that in opening a three- 
phase circuit, with a three-pole contactor, arcing was observed 
on only two of the poles. I think that is probably due to some 
improper adjustment, and there is no question in my mind 
that a three-pole contactor would be better for opening a three- 
vhase circuit than a double vole. 

W. О. Oschmann: In reply to Mr. Wright, I would say 
that the arc is not on the same two voles each time, it may 
be on any two of the three voles. It seems to devend on what 
part of the cycle the switch starts out. 

J. D. Wright: Is it possible the current is passing through 
zero on one of these poles? 

W. O. Oschmann: Possibly that is the reason. 

C. D. Gilpin: I have been much interested in Mr. Brown’s 
description of the a-c. unloading tower, as I had considerable 
experience some years ago with some a-c. dynamic braking 
coal handling bridges. Оп these bridges the controllers and 
motor generators very much resembled those described by Mr. 
Brown, except that no separate contactors were provided for 
dynamic braking and consequently the control when lowering 
was not particularly accurate. These bridges were provided 
with 220 volt, 25 cycle mill motors and it was our endeavor to 
make the equipment as near the equivalent of a d-c. outfit as 
was possible. We found, for instance, that owing to the poor 
characteristics of the a-c. motor for trolley service it was neces- 
sary to incrcase the size of the trolley motors considerably over 
what would be required for direct current. The cost was con- 
siderably greater than that for a d-c. equipment of equal ca- 
pacity, and we estimated roughly that it would have cost but 
very few thousand dollars morc to install a synchronous con- 
verter station. Аз great nicety of control, however, was not 
necessary, the a-c. system was probably preferable in this case. 

The question of cost in plants of this nature 1$ one over which 
there is sometimes considerable confusion. For instance, a 
number of d-c. machines equipped with expensive mill motors 
and provided with a substation are often compared as to cost 
with a-c. machines which are operated Бу the ordinary open type 
of wound rotor induction motor, which is hardly fair to the d-c. 
system. In a plant such as Mr. Brown describes, however, 
where the peak loads are very high and a substation would have 
to be quite large in comparison with the mean current used, 
alternating current is undoubtedly a very attractive proposition. 

While agreeing with. Mr. Brown that the single hoist motor 
with clutches is cheaper than the type of hoist in which each of 
two independent drums 1s operated by a separate motor and 
controller, yet it would hardly seem possible that operation by 
means of clutches can be faster and less complicated than where 
independent motors are used. In the former system there are 
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two master controllers and four air valves to be handled, while 
with the latter scheme, 1n which solenoid brakes are mounted 
on the motor shafts, there are three master controllers and one 
air valve to be manipulated, making two less pieces of apparatus. 
Moreover, with the independent drum arrangement each mechan- 
ism is reduced to its simplest elements, 7. e., a drum, the necessary 
gear reduction, a motor and a solenoid brake. The wear on the 
latter is quite slight if the dynamic braking is effective. The 
independent drum drive, however, is certainly more expensive in 
first cost, and therefore in certain cases it is undoubtedly better 
engineering to install the clutch svstem. 

Arthur Simon: Mr. Whiting compares the oil-break switch 
with the air-break switch, and says that the air-break switch 
is more reliable. I think that Mr. Whiting has compared his 
newest air-break switch with the oil-break switch which he 
discarded, because as I pointed out in my paper, there is one 
oil-break switch operating on a rolling mill which operated 
90,000 times with the oil just as clear, apparently, at the end as 
it was when it was put in. I also know of a large installation 
that has an oil-break switch which has been in service for 
several years, and the oil in one instance was not renew ed for one 
and a half years. Of course, it is necessary once in a while to 
replenish the oil. 

As far as inspection is concerned, I do not believe that any 
operator would stick his nose into the air-break switch while it 
isoperating. Insuch case vou have to open your circuit-breaker, 
and you may just as well lower the oil tank and look at the con- 
tacts. There is no doubt that the contacts of the air-break 
switch must have more metal than the contact of the oil-break 
switch, and as that is copper, it is more expensive and the weight 
of material is greater. If the oil,switch, on the other hand, is 
properly constructed there is practically no spilling of the oil, 
so that the replacing of the oil is a small item, provided the 
switch is constructed so that the carbon deposits settling on the 
bottom are not stirred up every time the switch operates. 

Mr. Albrecht spoke of the relative value of the three-phase 
and single-phase relays in the secondary circuit, И I understood 
his remarks right. І pointed out in the paper, or tried to point 
out, that the three-phase relay, because it gives a constant pull 
for a constant effective current, is independent of the frequency. 
On the other hand, it is not possible to get a constant pull on the 
single-phase relay, because it is not possible to get phase dis- 
placement of 90 degrees between the flux interlinked with the 
main coil and shading coil. Therefore, there isa pumping action 
when the frequency in the secondarv is low. 

One of the spcakers mentioned a particular installation where 
the acceleration was very rapid towards the end, when the motor 
was at high speed. I believe that is due to this cause—if relays 
of the single-phase type were employed this could not be avoided 
by any adjustment, because an adjustment which is correct for 
high frequency is not correct for low frequency. 
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Mr. Mclain said the jamming relay did not prevent strain on 
the operatang parts. He modified that and said it would prevent 
the strain only in a degree. If that degree is sufficient, the 
jamming relay does all it is intended for. If you use several 
jamming relays, vou can prevent any serious strain on the parts. 
There are certain installations where the jamming relay per- 
forms another purpose, take the electric shovel and other similar 
installations like that. It 1$ possible for the shovel to strike 
solid rock while the motor is running at full speed. Then the 
motor would be stalled with the resistance short-circuited and 
the torque which developed at that point would probably not 
be in excess of the normally rated torque of the motor. If we 
have a slip clutch only and no jamming relays, the clutch will 
shp while the motor is slowing down, and will hold on again as 
the motor reaches lower speed and the torque is decreased again. 
The jamming relav prevents the motor from going beyond the 
breaking-down point. That is an important application of the 
jamming relay, and as far as I know, the jamming relay 1s the 
only device that will do that. We have- slip clutches on that 
installation, also. 

I think Mr. McLain has misunderstood the connections of the 
three-phase relay. That relay, as Mr. Kennedy has pointed out, 
does not need to beat the switch which it controls. That the cur- 
rent peaks on the 1000 h.p. motor which I show are decreasing 
is merelv accidental. Аза matter of fact, thelast peak as I 
remember is the second highest of the whole cycle. "The ad- 
vantage of the individual series relav is, as I pointed out, the 
adjustment of the various relays for different torques. In 
most cases we adjust them for increased torque, increasing torque 
with the motor speed on centrifugal pumps, and also on excavat- 
ing machinery. This particular instance was exceptional. 
Furthermore, the relays are not energized when the primary 
circuit of the motor is closed. T hey are energized in succession 
as the ditferent clappers are cut out and the resistance decreases. 
That is clearly shown 1n diagram Fig. 13. 

Mr. McLain also criticised the use of d-c. contactors on coal 
bridges where d-c. 1$ used for dynamic breaking, on the ground 
that it would add to the number of links which might stop the 
equipment. The most important thing on the hoist 1$ to prevent 
the load from overhauling the motor, in other words, to prevent 
the bucket from dropping. That is the reason why we put in 
direct current for dynamic breaking. We would rather have the 
equipment stop with our d-c. supply, than to have it go on and 
hoist and vive us no indication that we cannot lower our load 
with safety. So that th® use of d-c. contactors in that particular 
instance, I believe, 15 an additional safety rather than a weakness 
in the method of control. 

Mr. Knight has mentioned that a phase failurerelay will be 
put on the market soon. There is one on the market already, 
which prevents not only failure of phase, both during running and 
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during the standing still of the motor, but also protects against 
phase reversal. 

Mr. Knight further says that the oil-type switch 1s a good one 
where infrequent operation is encountered. I have given some 
data referring to frequent operation of oil switches. 

Mr. Knight also mentioned something about standardization. 
That brings me to a subject which I have had in mind for 
many years, but I alwavs ran against astone wall. Thatisat 
least the approximate standardization of secondary currents and 
voltages. The operating men here know that when they ask for 
a control equipment foran a-c. motor they always have to specify 
the secondary current limitations. If our motor friends could 
get together and standardize secondary voltages within certain 
limits—we have to allow some leeway to the designer—matters 
would be helped a good deal, I believe. I have made an attempt 
in that direction on various occasions, as long ago as ten years, 
but nothing ever came out of it. Perhaps I was wrong in my 
ideas. 

Mr. Oschmann spoke of the expensive current transformer 
in the secondary circuit. As a matter of fact, while it 1s pos- 
sible to use a transformer in a secondary circuit, we have not 
yet encountered any case where we had to actually use it. It 
was always possible to get a series relav directly into the second- 
ary circuit, and this is much more desirable, because a relay 
on ordinary accelerating service always forms neutral form of 
the resistance, and therefore has, when it isin circuit, practically 
no voltage to ground. As regards the bulkiness of the trans- 
formers, they would mostly run at low frequency, and the iron 
induction can be high. 

President Lincoln also mentioned the use of single-phase 
secondary relays in contrast with three-phase relays. I have 
answered that point. It is significant that in some installations 
where single-phase series relays were used for all of the acceler- 
ating points, it was found necessary to use three-phase relays 
for the last step, which supports the point I make in regard to 
the frequency affecting the sensitiveness. 

Mr. Snyder mentioned Some means for lowering the tank 
used for the oil switches. I believe that most of the oil switches 
of medium and large capacity today are equipped with such 
lowering gear, at least they ought to be. 

When I spoke of the capacity of resistance in the particular 
case, which Mr. Snyder mentioned, I contrasted the reversible 
automatic speed regulator with the non-reversing starter. The 
resistance has to be figured the same way, taking into con- 
sideration the duty cycle, as it 15 dofle on direct-current. 

Mr. Stoltz also spoke about the oil-breaker not being adapted 
for frequent closing. I have answered that point. 

With regard to the plugging of the motor for quick stopping, 
there 1s always the danger that the operator throws his con- 
trol handle over to full speed, reverse, and then leaves the 
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equipment alone, expecting it to stop the motor. We have 
the same trouble as before, so in some cases dynamic braking 
by d-c. тау Бе desirable. I have noticed lately that it has 
been specified by the mill, so that while the particular instal- 
lation I described is several years old, there seem to be some 
operating men who still believe in that method of motor stop- 
ping. 

The necessity of using a three-pole switch for opening a three- 
phase motor circuit or reversing it has been mentioned. It 
seems to me there is no more reason for using a triple-pole 
switch for opening a three-phase motor than there is for using 
a double-pole contactor for opening the circuit of a d-c. motor. 
We often use a contactor only on one side of the line in the 
case of direct-current, and we get the same factor of safety 
if we use a double-pole contactor on a three-phase or three- 
wire circuit in alternating-current. 

Raymond E. Brown: When Mr. McLain introduced the 
question of the advisability of using series or parallel grouping 
of the resistance, that is, in adding additional steps in parallel 
ог by cutting out the steps in series, I thought possibly we would 
find out the reason for the use of these two methods in different 
cases. In buving equipment for about fifty coal and ore hand- 
ling bridges in the last ten vears, our firm has been interested 
in trying to find out why the resistance varies so much in dif- 
ferent cases. We are very much interested in the weight of 
the equipment, as in designing a trolley bridge the weight of 
the electrical equipment on the trolley is an important factor. 
in getting at the weight of the bridge and its cost. Each pound 
of additional weight in the trolley means three pounds of ad- 
ditional weight in providing the span. 

We have so far been unable to find any real uniformity in 
the weight of resistance in consecutive jobs of about the same 
size and voltage. Manufacturers seem to vary this a great 
deal, and one time will offer a control with resistances grouped 
in series, and another time in parallel, with a wide variation 
in the weights. 

Referring to the question brought up this morning about the 
material for the bridge, I hoped to hear some one speak of the 
new material which was recently called to our attention in 
the shape of an alloy which is rolled or drawn into the girders. 
According to the claims of the manufacturer, it will do away 
with most of the disadvantages of cast-iron. It is lighter, and 
the materialfor the entire drum could be one continuous piece, 
no joints between the separate bridges, merely doubling on 
itself and bending around the mounting rope. Outside of the 
circular and one visit of their representative we know nothing 
about that, and there may be other reasons why it is not being 
considered. 

It is usual for steel mills to say they will use resistances with 
a rise of temperature of 100 degrees or 200 degrees, or any 
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other amount vou choose; but the poor manufacturer who is 
designing the machinerv to be sold on а competitive basis has 
to deal with the purchasing agent, who very frequently tabulates 
his bid on the basis of total weight and total price, and appar- 
ently decides them on the basis of price per pound. Under 
these circumstances 1t is hard for the crane or bridge manufac- 
turer to introduce many refinements which would be undoubted- 
ly of great advantage to the operator if they were installed. 
Many times we find after the machine has been in operation 
for some time that these refinements are put in bv the users 
of the machinery, whereas we were unable to obtain anv recog- 
nion of their value when the machine was first supplied. 

With reference to the criucisms about my statement as to 
the advisalility of a large motor for hoisting, the statement 
made Бу Mr. Bright would be correct on a hoist where the lift 
was low, and the time of hoisting was small in comparison with 
the time for closing. In the particular hoist described, the 
height of hoist 1s 90 ft., and as we were able to design it with a 
large leeway at the top, the operator was able to let the load 
coast to a stop in the majority of cases. 

With reference to the question of limiting switches, and the 
advisability of using the geared limiting switch. It seems 
to me that the desirability of the geared limiting switch as 
against one operated by the load itself depends, to some extent, 
on the organization of the mill. In the particular hoist I 
described, it is cared for Бу one department which operates 
and repairs it. In other mills the crane is operated by one 
department and repaired bv another. I think in the case of 
a bridge or hoist it is entirely possible that one department 
will replace the ropes, while the geared limiting switch, being an 
electrical device, is outside of their jurisdiction, and consequently 
is not changed. We know of cases where a new rope was put 
on a bridge, the geared limiting switch not changed. The new 
operator coming on the next shift knows nothing of the change 
having been made, and proceeds to hoist the bucket into the 
drum. In the case where the repairing is done by one depart- 
ment, and the operating done by another department the 
geared limiting switch does not appear to be desirable, but the 
style of limiting switch operated by the dump or skip should 
be used. 


A paper to be presented at the 316th Meeting of the 
American Institute of Electrical Engineers, 
New York, December 10, 1915. 


Copyright 1915. By A. I. E. E. 
(Subject to final revision for the Transactions.) 


THE PRINCIPLES AND SYSTEMS OF ELECTRIC MOTOR 
CONTROL 


BY C. D. KNIGHT 


ABSTRACT OF PAPER 


There is hardly anything which stands out so prominently 
to-day in our industrial activities, as the efficiency obtained by 
the electric driving of machinery. The duty or performance 
cycle of the motor naturally depends on the controlling ap- 
paratus, and the writer, after describing several types of resist- 
ance, endeavors to explain the various forms of magnetic control 
in vogue to-day for both d-c. and a-c. motors, hoping to bring 
out a full discussion on the merits of each, also regarding the 
characteristics embodied in contactor or magnetic switch design. 


NE OF THE main reasons why the electric motor has been 
able to supersede, so generally, the steam and gas engine, 
where power is required for various industries, is the fact that it 
is more easily controlled. It is not within the scope of this 
paper to describe all the industrial applications of motors and 
control, as each industry is a problem in itself, but rather in 
a general way to show the accepted methods and principles 
involved in the present-day control practise. 

As the resistor is the basis of nearly all control devices, we 
will consider for a moment the different types, stating the limita- 
tions of each. 

The tube type unit consists of a tube of preferably fireproof 
insulated material on which the resistance wire is wound and 
generally coated with some heat-conducting material to equalize 
the heat distribution over the whole surface. "This type of unit 
is used where high resistance is required and where the current 
per unit does not exceed approximately 30 amperes. 

The bar type unit consists of a tube flattened or an iron bar 
insulated with asbestos or other fireproof material, on which the 
resistance wire is wound and generally coated with some heat- 
conducting material. This type of unit is used where high 
resistance and low current is required, but is less efficient than 
the tube type unit, because considerable heat is dissipated from 


Manuscript of this paper was received November 17, 1915. 
2915 


2916 KNIGHT: ELECTRIC MOTOR CONTROL [Dec. 10 


the inside of a tube type unit, while with a bar type all of the heat 
must be dissipated from the outside. 

The ventilated wire type unit consists of an insulated support 
on which the resistance wire is wound so as to allow free ventila- 
tion of air around the conductor itself. The resistance which 
can be obtained by this construction is limited by the mechanical 
strength of the wire in case of high resistance, and by the stiffness 
of the conductor for low-resistance units. The current capacity 
of units of this construction varies between, approximately, 5 
and 30 amperes when the resistance material is round wire, and 
may be as high as 80 amperes when the resistance material is in 
the form of ribbon. 

The edgewise type unit consists of a conductor of narrow rib- 
bon wound edgewise on a suitable mandrel, after which it is 
dipped in a thin mixture of fire clay or other fireproof insulating 
material. The turns thus become coated with the insulation 
and the unit is then baked until all moisture is removed. The 
different values of resistance are obtained by using conductors 
of different cross-sections and different materials, and a range 
of current capacity from, approximately, 2 to 60 amperes may 
be obtained. | 

The plate type unit consists of a molded plate of insulating 
material in which are imbedded the resistor wire and the contact 
buttons connected thereto, these buttons projecting through the 
surface of the plate so as to make contact with the switch arm 
which passes over them. 

The cast-iron grid unit consists of a special grade of iron of 
proper shape to secure mechanical strength and at the same time 
to obtain considerable length. Various resistances are obtained 
by changing the cross-section of the unit, and also by changing 
thelength. Because of the size required for mechanical strength 
the maximum resistance per unit is very low. "The usual range 
in resistance per unit is from 0.2 to 0.005 ohm with a current 
capacity varying from 20 to 150 amperes. In designing a line 
of cast grid resistance units, the ratio of perimeter to cross- 
section should be as large as possible in order to obtain the max- 
imum radiating surface. 

A resistor limits the current in a circuit by transforming a 
portion of the electrical energy into heat, which may be stored 
temporarily in the resistor but is ultimately dissipated to the 
surrounding medium, which is usually the atmosphere. Whena 
resistor at atmospheric temperature is connected in a circuit, 
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SO as to carry current, it absorbs energy which is manifested as 
heat. Аз this absorption of heat causes the temperature of 
the resistor to rise, the difference in temperature causes the re- 
sistor to dissipate heat to the surrounding medium. If the 
current is maintained constant for a sufficient time, the tempera- 
ture of the resistor will rise to a value sufficiently above the sur- 
rounding medium so that the heat can be dissipated as fast as 
developed. The property of absorbing energy by storing in 
the form of heat in the resistor, is referred to as the thermal 
capacity of the resistor. The property of dissipating absorbed 
energy by transference of heat to the surrounding medium is 
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often referred to as radiating capacity. (Actually, of course, 
this dissipation of heat is a complex process involving.convection, 
radiation and, to some extent, conduction.) 

As heat cannot thus be dissipated except by an increased 
temperature of resistor above the surrounding medium, and as 
the temperature of the resistor cannot be raised except by storing 
heat in it, it follows that all resistors have, to some extent, both 
thermal capacity and dissipating capacity, although the relation 
of these two characteristics differs in units of different design. 

For instance, Fig. 1 shows the heating and cooling curves for 
a grid rated at 22 amperes. at 200 deg. cent. and 28 amperes at 
350 deg. cent. rise while Fig. 2 shows the heating and cooling 
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curves of another grid unit rated at 100 and 130 amperes at a ' 
temperature rise of 190 and 300 deg. cent., respectively. As 
the material of the units is the same, the units have relatively 
the same thermal capacity. 

The only advantage of a unit with high thermal capacity over 
a unit with low thermal capacity is that it can carry compara- 
tively infrequent heavy loads of short duration. But as a unit 
with high thermal capacity will take longer to reach final temper- 
ature, it will also take a correspondingly longer time to cool 
down to room temperature after the circuit is opened, so that 
where frequent overloads are liable to occur, a unit with ad- 
ditional dissipating capacity must be used. 

With reference to temperature coefficient, the ideal resistor 
for most motor controlling apparatus would be one with a zero 
value. There are certain types of wire that practically contain 
this feature. In the case of cast iron, the temperature co- 
efficient is 0.0007, which from a practical point of view is satis- 
factory when operating within normal temperature conditions. 

The danger point is reached when a material is used with an 
extremely high temperature coefficient, which would cause the 
resistance to increase to such a value that when frequently 
starting a heavily loaded motor, the amount of current allowed 
to flow would be insufficient to permit it to accelerate. This 
might cause the resistance to burn out, and is a condition which 
must be very carefully guarded agdinst. Under these cir- 
cumstances the operator can cut out steps of resistance until 
sufficient current flows to start the motor. 

This will naturally leave very few points for accelerating, and 
under some conditions, it might result in opening the protective 
devices, or if they were set too high, a flashing over of the motor 
might result. 

Manual control, consisting of either dial-type rheostats or 
drum controllers, was considered satisfactory for nearly all re- 
quirements of electric motor control until a few years ago. In 
recent years, for motors of large size requiring a more or less 
complicated control, and for motors which must be started, 
reversed or stopped very frequently, it has become necessary to 
use contactors and auxiliary devices, which have to a large extent 
replaced the hand control apparatus. 

The dial type rheostat and drum controller are comparatively 
simple and quite well known, so that a description is hardly 
necessary. We will consider briefly the different methods used 
to obtain automatic acceleration by the use of contactors. 
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The contactor, or magnet-operated switch, is the basic device 
of almost all automatic motor control systems. Though motor- 
and solenoid-operated dial switches, liquid rheostats, and other 
types of self-operated control mechanisms find certain specific 
applications, contactor control is the type generally employed, 
especially where severe service is demanded. 

Contactor control is largely used with the motors operating 
steel mill machinery, ore bridges, large cranes, hoists of all kinds, 
reversing planers and other machine tools, printing presses, 
railway cars and locomotives, and in fact with almost all applica- 
tions of the electric motor to intermittent duty where the burden 
of the service is thrown on the controlling apparatus. This, of 
course, means that the contactor must be equal to such service 
with a reasonable amount of attention and occasional renewal 
of wearing parts. 

The essential and common parts of all contactors are: contacts, 
blow-out, magnet, frame and pivot bearings. 

The Contacts. Experience has shown that the best practise is 
to use solid copper contacts on which the current is both carried 
and ruptured. The contacts should close with a slight rolling 
motion to prevent the first rush of current from welding them 
together. Two heavy copper contact tips, backed by а sufficient 
spring pressure, will carry a surprising amount of current and 
furnish the best arc-rupturing means when placed under the 
influence of a suitable magnetic blow-out. 

Carbon or other auxiliary contacts serve no really useful pur- 
pose on contactors which are subjected to severe and constant 
duty. In fact, they only complicate the construction of the 
device and add to the possible sources of trouble. 

Laminated brushes for carrying current are also a source of 
trouble and can be profitably used only on contactors of such 
large capacity that the solid copper contacts will not carry the 
current. Such large contactors (above 1000 amperes) are not 
often called upon for such frequent operation as the smaller sizes. 

The Blow-out. The blow-out coil is in series with the circuit 
through the main contacts and the latter are between the poles 
of the blow-out. This part of the contactor demands very careful 
design, as the instant suppression of the arc, forcing it out in 
the right direction and without injury to the insulation, is of 
prime importance in the life of the device. 

The Magnet. The requirements as to the magnet are that it 
will, when energized, not only promptly and positively close{the 
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contacts, but will do this on a range of voltage which may be 
anywhere from 20 per cent below to 10 per cent above normal. 
(These percentages apply to industrial work. The variation is 
considerably greater in railway service). The coil must be, 
for the sake of economy, made as small as possible to do its work, 
and as any number of voltages and frequencies (if a-c.) enter into 
the problem it can be readily seen that the design of the magnet 
for any contactor entails considerable study. 

The insulation of the winding must stand considerable heating 
and the coil should be impregnated against the attacks of mois- 
ture, acid, etc. 

-A shunt contactor magnet should preferably be designed to 
stand continuously across the full control circuit potential. 
It is possible to ‘‘ soak " the coil and then introduce by means 
of an auxiliary contact a resistance in series when the contactor 
is closed. This added complication, however, is a weakness 
which experience has shown should be avoided. 

The Frame. The contactor frame is designed with the follow- 
ing factors in view: Mechanical strength, capacity for the mag- 
netic flux developed by the coil, permeability of the core and, 
in the case of a-c. contactors, laminated structure. It is, of 
course, essential when the coil is de-energized, that the magnetism 
breaks down instantly and permits the contactor to open in the 
quickest possible time. 

Pivot Bearings. The nature of service necessitates having 
bearing pins in the main pivot of the moving member and in the 
pivots of the contact tips. These parts should be readily remov- 
able for inspection and repair. In fact, all parts of the contactor 
аге so put together as to permit quick taking a part and equally 
quick reassembly. . 

Auxiliary Parts. These are mechanical interlocks with other 
contactors, electric interlocks and other auxiliary contacts, 
current-limit interlocks, shunts for the pivots, terminals, etc. 
All play a part in the determination of the design of any contactor. 


VARIOUS TYPES OF INDUSTRIAL CONTACTORS 


D-C. Shunt Contactor. This, as the name implies, is operated 
by a magnet connected across the control circuit, which is usually 
the same as the circuit on which the motor operates. Shunt 
contactors are used as line contactors, also for accelerating, in 
which latter case they are brought into action by means of 
current-limit relays, time-limit relays, or some kind of pilot 
controller. 


_ cap de e. uum" „Жы m олай ен al * dpa dim. = аЗ. 1 ioe «Бен db em dali «а dim od ge rn eee es come арй d adi nm muc Pl andi aem eee mo p man азайта re qnnm 
- - ——— . -y ж-:.. -..--а- e 


SYOLOVINOD 31Oq-314IN[], 'IOVLI1OA-HOIH 'd3320T831N[ ATIVOINVHOS3]N os Lg "DELI 
[LHƏINA] 


PLATE CLXIX. 
А.Е. 
VOL. XXXIV, МО. 12 


банды Google 


1915] KNIGHT: ELECTRIC MOTOR CONTROL 2921 


Shunt contactors provided with adjustable air gap are used 
for accelerating with their magnets connected across the motor 
terminals. 

Series Contactors. These are provided with a series coil only 
and are so designed that the contactor will hold open above a 
predetermined current setting and will close as soon as the current 
falls to or below that value. Series contactors are used for 
accelerating points on d-c. motor control. They cannot be used 
for partial speed control by means of a master controller as their 
coils are in circuit with the motor armature. 

A-C. Contactors. A-c. contactors are generally operated by a 
coil connected across the control circuit, which is usually taken 
from one phase of the circuit if polyphase. On two- and three- 
phase circuits double-, triple- and four-pole contactors are em- 
ployed, energized in each case by a single magnet. For high- 
voltage service, a potential transformer is used to reduce the 
voltage of the control circuit, as the coils cannot feasibly be 
designed to operate directly on voltages above 550. 

For automatic acceleration, a-c. contactors are connected 
electrically with current-limit or time-limit relays which insure 
proper sequence and limit the rate at which the acceleration 1s 
accomplished. 

For voltages exceeding 1000, two types of contactors are used: 
either the air-break or oil-immersed. 

Air-break contactors have been developed for heavy duty, 
such as mine hoist operation for which in some cases they are 
called upon to operate once or even twice every two minutes 
under the most severe conditions. This type has been designed: 
and operated up to 6600 volts. See Fig. 3. 

For infrequent operation, oil-immersed contactors are in 
successful operation at potentials as high as 3300 volts. "Where 
employed on heavy duty cycles the carbonization of the oil is a 
great handicap, making it necessary to replace it frequently, 
-~ adding greatly to the operating expense. 

For d-c. motors, several methods of automatic control are 
used, as follows: 


COUNTER ELECTROMOTIVE FORCE 


This method of control is more satisfactory for use with shunt 
. than with series motors because the counter e. m. f. of the latter 
depends upon the current as well as the speed, and it might be 
possible, if the motor is starting under heavy overload, to obtain 
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sufficient counter e. m. f. to close all the contactors before the 
motor has had time to accelerate properly. 

The proper closing of the contactors used to short-circuit steps 
of starting resistance is accomplished by connecting the contactor 
coils in multiple across the armature, the contactors being ad- 
justed to provide different air gaps between the core and Ше 
armature of the contactors in the open position. 

As the motor accelerates, the contactor having the smallest 
air gap will close first, short-circuiting a portion of the resistance, 
which continues the acceleration of the motor. As the counter 
е. т. f. increases, the next contactor will close and this is repeated 
until all the resistance is short-circuited. Sometimes instead 
of adjusting the air gap between the core and armature, contactor 
coils are used which have different ampere-turns. А typical 
connection for counter e. m. f. control is shown in Fig. 4. 
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Fic. 4—CouNTER E. M. i ALL OF CONTROL 


. As the counter e. m. f. of a shunt motor varies directly with 
the speed for a given ficld strength, it is necessary that the speed 
be fairly constant in order that the contactors will operate 
properly. 
CuRRENT-LiMiT METHOD OF CONTROL 

There are two general methods of obtaining current-limit 
acceleration, one using one or more current-limit relays, which 
control the closing of accelerating contactors, and the second 
method using series contactors, which combine within themselves 
the functions of current-limiting relay and accelerating contactor. 

The first method, as generally used for d-c. motor control, 
depends on current-limiting relays, which may be mechanically 
connected to the contactors so that after the contactor closes, 
its relay 1s released for operation after the armature current has 
dropped to a predetermined value, due to acceleration of the 
motor. Fig. 5. 
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Series contactors, so called because the contactor coil winding 
is in series with the motor armature, can only be used for the 
accelerating points, making it necessary to close the main circuit 
by means of a shunt-wound contactor, knife switch or equivalent. 
Fig. 6.* This method has all the advantages of the current- 


Fic. 5—CuRRENT LIMIT CONTROL USING SERIES RELAYS 


limit relay scheme, using individual current-limit relays, and 
the wiring is much more simple, as shown by reference to the 
wiring diagrams. 

= For a-c. motors, different methods of control are required, 
depending on the type of motor. 


Shunt Field 
Fic. 6—CuRRENT LIMIT CONTROL USING SERIES CONTACTORS 


SQUIRREL CAGE TYPE OF Мотов 


The proper starting current is obtained by reducing the pri- 
mary voltage impressed on the motor, by means of a resistor or 
an auto-transformer. A resistor transforms the energy of the 
excess voltage required for starting the motor into heat, while an 
auto-transformer acts as a step-down transformer with very 


*See А. I. E. Е. TRANSACTIONS Vol. XX X, 1911, рр. 1522-25, 1538-40. 
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little loss of energy. On the auto-transformer (compensator) 
coils are provided with several taps to give different starting- 
current values. Two coils are used for two-phase motors and 
two or three coils may be used for a three-phase motor. For 
automaticcontrol using either a resistance or an auto-transformer, 
contactors are used for first connecting the motor to the line 
through the starting element, and after the motor has accelerated, 
the second contactor is closed, connecting the motor directly to 
the line. 

All sizes of motors require but one starting point because of 
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Fic. 7—CONNECTIONS OF КЕ- Fic. 8—CONNECTIONS OF CURRENT 
SISTANCE TYPE SELF-STARTER LIMIT CONTROL OF AUTO-TRANS- 
FOR Two-PHASE SQUIRREL CAGE FORMER OR COMPENSATOR FOR USE 
MOTOR WITH THREE-PHASE MOTOR 


the fact that any voltage which will start the average low-resis- 
tance motor will bring the motor nearly to normal speed. Either 
a time-limit or a current-limit relay may be used to energize 
the second contactor. Fig. 7 shows the wiring of a resistance 
starter, and Fig. 8 the wiring of an auto-transformer. 

For use with 2200-volt motors, the contactors are immersed 
in oil to provide better insulation and to help rupture the arc. 
A potential transformer is used to reduce the voltage of the con- 
trol circuit and a current transformer for operating the time- 
limit or current-limit relay. 
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SLIP-RiNG TYPE oF MOTORS 


These motors are started by means of a resistor connected 
to slip-rings on the motor shaft, which in turn are connected to 
the secondary circuits of the motor. 

As a general rule, both two- and three-phase motors are de- 
signed with a three-phase secondary and the resistance per phase 
is divided into steps, the number depending on the size and ap- 
plication of the motor. 

The closing of the accelerating contactors which short-circuit 


L3L2L1 


Control Switch 


b IL» 


| к ta 


Fic. 9—CONNECTIONS OF CONTACTOR PANEL FOR USE WITH THREE- 
PHASE SLIP-RING TYPE MOTOR 


the resistance in the secondary circuit is generally controlled 
by means of two, or more, current-limiting relays, except in the 


case of small motors requiring but one step of resistance, where ` 


but one relay is necessary. Fig. 9 shows the connections of a 
four-point starting panel. 

For use with 2200-volt motors, the primary contactor is im- 
mersed in oil to provide better insulation and arc rupturing 
capacity. А potential transformer 1$ used to reduce the power 
circuit voltage to 500 volts or lower. 
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Тіме Limit METHOD OF STARTING 


Another method sometimes employed for starting both d-c. 
and a-c. motors makes use of some form of time-element device 
for governing the time required for cutting the starting resistance 
out of circuit. This may be asolenoid-operated switch retarded 
by a dash pot or its equivalent, or it may be a motor-driven 
switch. For small and medium size motors, the switch will 
handle the motor current directly and for large motors the switch 
is used as a master switch for energizing the coils of magnet 
switches or contactors. This method of starting is recommended 
for use with motors liable to be stalled or to become overloaded 
during the starting period, such as a plunger pump liable to 
become clogged or frozen, where, with the current-limit type of 
starter, the current would not fall to the point where the next 
accelerating contactor could close, but with a time-limit self- 
starter the fuses or circuit breaker would open after the starting 
resistance had been cut out. 


DyNAMIC BRAKING 


One very important feature peculiar to the d-c. motor is the 
possibility of operating the motor as a generator for quick stop- 
ping or for limiting the lowering speed when overhauled by a 
suspended weight as in crane service. For this purpose a re- 
sistor is connected in the armature circuit, which dissipates the 
stored energy as heat. This method is called “dynamic braking." 
For quickly stopping an a-c. motor use is sometimes made of 
a low-voltage direct-current circuit, which is connected to two 
of the primary phases, after the motor, has been disconnected 
from the line. The more usual method called “plugging” is to 
reconnect the motor and apply power in the opposite direction, 
but the circuit must be opened as soon as the motor has stopped 
or the motor will run in the reverse direction. 
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DiscussION ON “ Сомт1мооч$ Waves ІМ  LonG-DISTANCE 
RADIOTELEGRAPHY.’ (FULLER), New York, APRIL 9, 
1915. (SEE PROCEEDINGS FOR APRIL, 1915.) 

(Subject to final revision for the Transactions. | 

Alfred ЇЧ. Goldsmith: As Mr. Fuller has truly said, the paper 
will be of considerable assistance in enabling us in the future 
to proportion a transmitting set to the distance to be covered, 
at least under conditions such as he has mentioned; that is to 
say, transmission over waters similar in absorbing power to 
those of the North Pacific. 

In my judgment, radio engineering 1$ one of the most inter- 
esting branches of electrical engineering imaginable; in fact it 
is unique in that we are compelled to employ novel units of time 
and space. The unit of distance for our purposes is logically 
the distance which an electromagnetic wave travels зп a second. 
We deal with almost incredible velocities, namely, those of the 
light waves themselves. However, the electromagnetic waves 
employed differ from the extremely minute light waves in that 
the wave length ranges from several hundred feet to five or six 
miles, or more, as indicated by Mr. Fuller. 

We deal here with frequencies quite outside of the range 
normally employed in a-c. engineering. They run from 15,000 
to 20,000 per second for our long wave, well up into a million or 
more cycles per sec. All of these unusual conditions of 
working lend to radio engineering a certain fascination, which 
never fails to keep men in that field, once they enter it. There 
is hardly any possibility of their leaving it thereafter. 

To pass to continuous wave transmission, it is extremely 
interesting to note that sustained wave transmission 1$ practi- 
cally the mecting ground of ordinary electrical engineering and 
the radio engineering of the present. We gre dealing here with 
true alternating currents in the antenna, generated by methods 
which are or should be familiar to every electrical engineer. 
They may be handled, received, detected, neutralized or manip- 
ulated, in general, exactly as are the ordinary alternating currents 
used in engineering, and the laws which govern 60-cycle currents 
govern them equally well. That is something which cannot be 
said, without mental reservation, when we come to the highly 
damped wave train, used in the older spark radiotelegraphy. 
Furthermore, the devices employed to produce continuous waves 
are of a type easily comprehensible to every skilled electrical 
engineer; for example, a device like the Goldschmidt alternator, 
which is, as Professor Kennelly has aptly termed it, nothing more 
than “а nursery for higher harmonics.” It is a device in which, 
instead of eliminating these troublesome visitors of higher fre- 
quency, they are nursed and brought to resonance and finally 
radiated from a properly arranged electrical system. 

We have with us this evening a gentleman who has been very 
prominent in the production of alternators which produce in- 
credibly high frequencies, from 100,000 to 200,000 cycles per 
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sec. His work in this field has been of a pioneer character, 
and later on it will be a pleasure to hear what he has to say about 
sustained waves. Some of the alternators designed by him are 
provided with a rotor having a rotational speed of 20,000 rev. 
per min., with 800 to 1200 poles; and to load them, they are 
directly connected toacapacity and a resistance of proper value 
so that fullenergy may be drawn from them. Such alternators 
are of interest to the electrical engineer, if only to emphasize the 
fact that not all alternators need to be connected to a water 
rheostat in order to absorb their output. 

In connection with the use of sustained waves, certain new 
effects have for the first time become of interest and prominence. 
The first of these 15 unquestionably that of reflection or inter- 
ference of the sustained wave. I recall some time ago hearing 
Dr. de Forest present a lucid description of this phenomenon 
before the Institute of Radio Engineers. He was at that time 
with the Federal Telegraph Company. The results he pre- 
sented were perfectly clear so far as they affected the reflection 
of waves. 

We deal here with a vast out-door laboratory. Imagine 
waves thousands of meters long, which strike cloud layers, or 
conducting layers. They are reflected downward and interfere 
definitely with waves which have pursued a shorter path directly 
along the surface of the earth. Clearly there will be points at 
which waves of a certain length are destructively interfered 
with, and consequently signals will become quite inaudible; 
and yet at points situated differently, without interfering radia- 
tion from the reflecting layer, the same waves may produce 
powerful effects. We.have here a highly novel reflecting effect, 
one worthy of study, and which may lead to important contri- 
butions to our knowledge of the nature of the upper layers of 
the atmosphere.  * 

The sustained wave methods of radio transmission have also 
led to the development of new methods of reception. They 
have led to the introduction of that curiously mysterious device 
the tikker, particularly the rotary tikker. This instrument 
consists of a metal wire resting on a rotating metal wheel. It 
acts as a commutator which periodically discharges a condenser, 
this condenser being charged slowly by theincoming energy. The 
discharge passes through the telephone receiver and produces 
the received signal. We know that these effects exist; but it 
is not clear why only certain combinations of metal should be 
satisfactorily operative. I trust that some light will be shed on 
these points in the near future. 

There is a device known as the tone wheel, used by the 
Goldschmidt company, which is nothing more nor less than a 
carefully designed commutator. This interrupts the incoming 
energy at a frequency slightly different from the incoming fre- 
quency, and produces something which is not quite a beat 
phenomenon, but which fortunately renders the incoming energy 
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available to deflect the telephone diaphragm at an audible fre- 
quency. This would be a device of no great use with damped 
wave trains. And finally, the use of sustained waves has led to 
the development of that extremely efficient method of reception 
known as the heterodyne system of receiving, wherein the in- 
coming energy which, of course, 1s nothing more nor less than 
a normal radio-frequency alternating current, 1s caused to pro- 
duce beats with the locally generated alternating current. 
These beats are of audible frequency, and frequently the energy 
represented by the beat may be, and practically always is, much 
higher than that of the incoming energy itself. We thus have 
an extremely efficient device. On a small scale, it is nothing 
more nor less than the beat effect produced by two alternators 
which are not quite in step. The synchronizing lamp flickers 
up and down, and at a frequency less than that of either of the 
alternators. Similarly, the telephone diaphragm moves to and 
fro at a frequency which is the difference between that of the 
incoming energy and that of the locally generated energy, and 
much lower, therefore, than either. We have, consequently, a 
device that is efficiently possible only when we are using sustained 
waves. 

The arc as a generator is a device that some time ago seemed 
to be practically hopeless. No onesupposed that so erratic and 
irregular a device as an arc could be used to produce a steady 
flow of very high frequency alternating current.. Every one 
knows the arc has the negative characteristic; that a slight 
increase in voltage will produce an increase in current, and 
vice versa. It is essentially unstable, and series resistance 
will be required in general to maintain the stability of an arc, 
unless a special form of d-c. generator be used with it. 

It is, therefore, a scientific tour de force that we have been able 
so to build and control arcs by circuits connected to them that 
they have now become satisfactory and reliable generators of 
considerable amounts of sustained energy. Of course, in the radio 
station, 50 kw. is a large amount of energy. 

The arc apparatus is distinguished by unusual simplicity. 
When looking at the picture of the arc in the paper, one looks 
at practically all there is of the station except a few switch- 
boards, a key, and a loading antenna inductance. The station 
is simple, readily worked, and easily accessible in all its parts. 

We can imagine the predicament in which Mr. Fuller would 
have been had he been forced to change his transmitting wave 
lengths rapidly, using the very high speed radio-frequency al- 
ternator. In slowing down or speeding up such an alternator 
hastily, dangerous strains would have been developed. This 
brings up a point of interest to those who desire to apply radio 
apparatus to military purposes; namely, that it is desirable to 
avoid interference by the enemy’s transmitters, or to interfere 
with them, if desired. It is also valuable from the commercial 
point of view in that if a certain wave length is found tọ be un- 
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suitable for transmission at a given time, it may be changed; 
and consequently the possibility of a rapid change of wave length 
is extremely valuable. Those who are going to work on the 
production of sustained oscillations should bear in mind that 
one of the prime desiderata of a generator of this type is the 
possibility of rapidly changing the wave length. 

In this connection, Mr. Fuller has brought out the ‘‘ sunrise 
effect", which is of great interest to us. Somewhere between 
two stations which are widely separated there may be a dividing 
surface between the light and darkness. In an admirable paper 
presented to the Institute of Radio Engineers some time ago, 
Professor Kennelly brought out the fact such a surface of dark- 
ness and light would act as a fairly good reflector for waves which 
strike it. It 1s a region where there may be considerable ion- 
ization of the upper layers of the atmosphere, due to the sun- 
light falling on one side. In consequence, we may expect to 
find a sudden diminution of received energy as the sun rises and 
the ionization boundary layer sweeps along between the stations, 
and this effect 1s found to exist. This leads to an interesting 
speculation of another sort. Ifthe atmosphere, indeed, produces 
such great changes in transmission, is it not possible that only 
the earth’s atmosphere and ground have properties which make 
radio transmission over long distances possible? The earth, in 
effect, is a slightly conducting sphere. A non-conducting layer 
of air surrounds it, and then above this ‘are upper layers of air 
which are certainly fairly good conductors, being at apptoxi- 
mately the same pressure as exists in a normal Geissler tube. 
Above this, there is a region of absolute non-conductivity. 

The boldness of the early experimenters in this field is to be 
commended, particularly the experiments at Newfoundland, 
where Mr. Marconi attempted to receive the S signals sent out 
from Poldhu, near Cornwall, England, at a distance of several 
thousand miles. Such boldness was commendable, because 
there was littlereason to expect that energy would followthecurve 
of the earth. To-night we have experiments described where 
energy travels along the earth in spite of the fact it might have 
been radiated off into space. It is obvious that such waves 
must have their fect attached in some way to the earth, or are 
reflected from the upper layers of the atmosphere. 

Obviously, we have a peculiarly fortunate arrangement of 
conducting layers on the earth, so proportioned physically that 
long-distance radiation is possible. The great degree to which 
radio transmission depends on these physical conditions leads 
us to wonder whether the earth is not the only planet on which 
long-distance radio communication is possible. 

J. Zenneck: I should like to call your attention to the following 
points. The formula, on which all measurements of Mr. Fuller 

care based, is equation (7): 


P = RI? = 3.2 X 10 Ay 
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It indicates that the audibility factor А; in Mr. Fuller’s device 
was proportional to the received watts. Now the audibility 
factor is proportional to the current in the unshunted telephone 
circuit, supposing that the main current in this circuit is not 
changed by shunting the telephone. Therefore, in Mr. Fuller's 
arrangement the telephone current must have been proportional 
to the received watts. 

Mr. Fuller used as a detector,atikker. Therefore we should 
expect that the telephone current be proportional to the re- 
ceived current J itself, but not to the received watts and there- 
fore not to the square of the current. I should be very much 
obliged to him if he would kindly give us more details regarding 
this fundamental point. 

Mr. Fuller by comparing his results with those of Dr. 
Austin comes to the conclusion that the divergence of the con- 
tinuous waves used by himself is smaller than the divergence 
of the damped waves used by Dr. Austin. 

Now of course two sets of measurements can only be compared 
if they are made under the same conditions. 

Identity of conditions in wireless work in the first place means 
identity of atmospheric conditions. As the values of Mr. Fuller 
vary very much from day to day (see Figs. 4, 6 and 9 of his papers) 
it would be a little embarrassing to say, at what time the atmos- 
pheric conditions over the Pacific in 1914 have been identical 
with those over the Atlantic in 1910 and 1913, when Dr. 
Austin made his experiments. I fully agree with Mr. Fuller . 
that in such cases nothing else can be done than comparing the 
average values of the measurements. But I think that he will 
agree with me that this 1s not what is really wanted. 

Further, in all cases where the waves are passing from the 
surface of the land to the surface of the sea or in the opposite 
direction, there must be a reflection of the surface waves, because 
the dielectric constants and the conductivity of solid ground 
and sea water are quite different. "Therefore, two measurements 
are only comparable, if in both the reflection takes place in the 
same way. This condition is very troublesome too, as we do 
not know anything about the laws governing this reflection of 
surface waves. 

Finally, as the divergence factor largely depends on the wave 
length, only such observations which are made with the same 
wave length should be compared. Now Dr. Austin made 
his experiments with wave lengths up to 4000 m., and Mr. Fuller 
with wave lengths from 3000 to about 10,000 m. Therefore 
their measurements are only comparable between the limits 
of 3000 to 4000 m. I have plotted curves, using the wave 


lengths as abscissas and the values of the exponent E of the 


Ж 
divergence factor as ordinates. In Fig. 1, curve A represents 
the values based on Dr. Austin’s empirical formula and the 
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curve F those derived from Mr. Fuller’s empirical formula (the 
curve 5 is that according to the theoretical formula of Professor 
Sommerfeld). You see that within the limits from 3000 to 
4000 m. of wavelength the values derived from Dr. Austin's 
equation and those corresponding to Mr. Fuller’s formula agree 
excellently. | 

If we were justified in extending an empirical formula beyond the 
limits within which it 1s verified by experiments—for instance, 
Dr. Austin’s formula for wave lengths above 4000 m. we 
should get the dotted line A,and we should really come to the 
conclusion, as Mr. Fuller does, that the divergence factor for 
his undamped waves is smaller than that for Dr. Austin’s 


damped waves. But if we would extend Mr. Fuller’s formula 
on values below 3000 m. (see the dotted curve F), we should get 
just the contrary result. 

Under these circumstances it seemed to me more attractive 
to combine the results of Dr. Austin and Mr. Fuller than to 
point out any discrepancy betweenthem. This may be done in 

—0.0019 | 


various ways: Putting the divergency factor = e АУЗ. we 
get the dash curve Z,, or using as divergency factor the simple 


- 0.0019 4 


term =e ^ , we get the dash-dotted curve Z3. Both 


curves, especially the first, agree fairly well with the results of 
Dr. Austin and Mr. Fuller at the same time. 
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Lee de Forest: Without wishing in any way to violate our 
neutrality, I might sav that this paper tonight should make 
Americans who are at all interested in the progress of the radio 
art feel very happy. The work which Dr. Austin and Mr. 
Fuller has done stands alone to date. There have been no 
observations of the sort made anywhere else in the world to my 
knowledge. Of theoretical formulae we have had a plenty, 
but they lack the interest which an empirical formula based on 
actual observations of such a thoroughly practical character as 
this possesses. 

It was my good fortune to be with the Federal Telegraph 
Company at the time this matter of the interference bands and 
absorption and reflection was first observed, and I believe that 
you may be interested in a brief account of how it happened to 
come about. І might say that the chances аге it would not have 
been observed to this day had we been using the alternator 
instead of the arc. 
` As you doubtless all know, the system used by the Poulsen 
Company is this—the antenna is connected through an induct- 
ance to the arc and thence to earth with the transmitter key 
put across a certain relatively small amount of the inductance. 
The key is normally a back contact key, that is, the contact is 
broken when the key is depressed. Signalling therefore is by 
change of wave length, up or down, or relatively 5 per cent. 
Suppose a station is working with 3000 meters with the key up, 
it will be radiating at 3300 to 3500 meters with the key down. 

We had observed repeatedly, and chiefly in the early hours of 
the evening, and during the first part of the night generally, 
that the strength of signals would fall off between San Francisco 
and Los Angeles, or vice versa; and that at the time when the 
signals were failing they might within a few minutes change from 
40 or 50 times audibility down to zero audibility. At the same 
time the compensating wave signals, of the wave radiated on the 
upward stroke of the key, a shorter wave or longer wave, would 
be heard with undiminished intensity or even increased intensity. 
In order to hear the compensation wave signals it was merely 
necessary to change the “ tuning " adjustment of the receiver 
slightly. It was easy to make such observations, and time 
and time again the operators observed these facts. Іа such cases 
they merely told the distant operator to change his wave length, 
which he did by cutting in a different amount of inductance on 
the transmitting helix. Or they sent their messages on the 
commutation wave until the signals came in loud, until such a 
time as these signals would in their turn begin to fade, when they 
would then find the compensation wave signals coming in loud, 
and change back again to the original wave lengths. Such 
experience became the common talk, although we were quite at 
a loss to explain the phenomenon. It is simple now to under- 
Stand it, but at that time it was a tremendous puzzle. As we 
had a great many fogs at that period, we thought it might be due 
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to absorption, but could not understand why a wave three thous- 
and meters long should be largely absorbed, while a wave thirty- 
three hundred meters in length was not, in the same degree. 
This phenomenon of the huge interference bands in the upper 
atmosphere forced itself upon us, and all of our observations 
have established the truth of the explanation more and more. 

The interference effect is easily understood. If we suppose an 
upper reflecting layer parallel to the earth’s surface, and from 
twenty to one hundred miles above it, then the energy which 
travels along the earth’s surface is, at certain distances from the 
transmitter, in phase with the energy reflected downwards from 
some definite zone of this upper layer. Likewise at another 
point where the difference in the lengths of the two trajectories is 
one half wave length greater or less than before, the two energies 
will be in opposite phase. 

If we had means of knowing the exact points of reflection, for 
example, if at the middle of the arc traversed or any point, 
provided the angle of the reflecting layer there were known, we 
could, of course, knowing the wave length, compute the eleva- 
tion of the reflecting layer, which would be of interest. Not 
knowing anything about the position of the layer or layers, nor 
of the angles involved, we are unable to determine that. 

The clause towards the end of Mr. Fuller’s paper calling atten- 
tion to the fact that the interference bands are not over eighteen 
miles in width is to me one of the most interesting statements in 
the physics side of the radio art. Imagine an invisible aurora, 
the bands of the aurora hanging down from the regions of upper 
atmosphere and wavering аз you sometimes see the visible 
aurora wavering on a winter night. Something akin to that 
phenomena is going on, but only the observer who is listening to 
the undamped wave signals from a distant wireless telegraph 
station can realize that this really beautiful phenomenon exists. 
In daylight this phenomenon generally ceases, although I observe 
these other striking curves of Mr. Fuller show the same effect, 
to a certain extent, in daylight. Іп our work in 1910, '11 and '12 
at San Francisco and Los Angeles, using shorter wave lengths 
over shorter distances, these daylight effects were seldom ob- 
served. They are most prominent at night when the altering 
meterological conditions of daylight merging into darkness bring 
down these ionized strata or bodies of conducting air into a great 
variety of shapes and angles. 

It is only those who have worked frequently with the undamped 
wave method of transmission who can realize the importance of 
being able to change the transmitted wave length at an instant's 
notice, in order to maintain anything like reliable communication. 

While we are observing these things and plotting curves 
of the actual interference phenomena in this country, I 
have been astonished to see in the foreign papers, notably in 
the columns of the London Electrician, long series of disputes 
between distinguished solons, on the theoretical possibility of 
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this reflecting or refracting layer. One says it conceivably 
might exist, and another says that mathematically it cannot 
exist, and here it is as well and as indubitably established as is 
the fact that we can transmit messages through space at all. 

A. J. Hepburn: The importance of Mr. Fuller’s work em- 
bodied in this paper is obvious in view of recent developments 
in the art and the almost universal recognition of the superiority 
of the undamped wave for long distance communication. The 
experiments described are the most thorough and conclusive 
that have come to my attention and it seems to me that this 
paper is the most valuable contribution to the science, as regards 
the particular phase treated, that has been made since the 
publication of the Austin formula. In the somewhat hurried 
consideration I have found it possible to give to this paper, there 
has appeared to be nothing to criticize as regards conduct of 
the experiment, analysis or deductions, provided that one does 
not go back of the fundamental assumptions. 

The number of radio engineers engaged principally with the 
problems of long distance communication, to whom such work 
as this is of special importance, is but a small proportion of the 
total number; and the number of those engaged in a purely 
executive capacity with the technical direction of a large radio 
system is smaller still. When one of this small number finds 
himself in a position absolutely unfettered by allegiance to any 
system, or the necessity of protecting investments in patents 
and manufacturing plants, and responsible only for producing the 
most efficient and the most economical results by any means 
known to the art, it may be conceded that his point of view is 
likely to be unusual. If the following remarks seem to question 
some of the most authoritative pronouncements in the matter 
I trust that the unusual point of view will be taken into con- 
sideration. 

Briefly, I believe that we need a transmission theory more than 
we need a transmission formula. Almost any sort of suggestion 
as regards possible factors affecting transmission receives а 
respectful hearing in the present state of variant opinions on 
that subject, but all efforts to evolve a more accurate formula 
are made very conservatively, not to say gingerly. This 1$ 
curious in view of the fact that the formula is but the mathemati- 
cal statement of the theory. I ascribe it to the restraint imposed 
by the great weight of authority behind the mathematical work 
that has been done. 

I believe that there 1s promise of most valuable progress 
toward the establishment of a complete theory in a course of 
experimental work such as that which has been contemplated 
by the Navy Department for several years, but which has been 
prevented by the pressure of routine work. The plan con- 
templates the use of the station at the Washington Navy Yard 
as a transmitting station and the stations at the Bureau of 
Standards (6 miles distant) and that at Annapolis (23 miles 
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distant) for measurements of received energy. Starting with the 
Austin formula as a trial basis each separate factor would be 
independently investigated, as well as some other possibilities 
that do not appear in that formula, such as decrement and re- 
flection. For example: The height of the transmitting antenna 
would be systematically varied while all other factors are kept con- 
stant; then the height of the receiving antenna; then the antenna 
amperes; then the wave length; then the decrement due to added 
ohmic resistance; then the decrement due to increased radiation 
resistance, that is, different forms of antennae; and soon. These 
experiments would of course have to be repeated in a different 
locality and over greater distances to determine the constants 
that might appear, but operation at close range where the utmost 
nicety of measurement is possible would be the first requisite. 
This 1$ a suggestion rather than an outline of the work planned. 
If it illustrates sufficiently well the method of attacking the 
problem, the ramifications of the work will be self-evident. 

I cannot but feel that the result of such experimental work 
would lead to some notable changes in the complexion of the 
present transmission formulas. In this hasty comment I have 
no opportunity to submit anything approaching a full statement 
of the reasons that have led to this point of view, but I 
would call attention to the few following points, not as presenting 
any ordered argument but simply as significant in themselves. 

(a) The remarkable instances of unusual communication, 
familiar to every head of a radio station, which do not accord 
with any known theory. For every instance explainable on the 
theory of reflection, for example, one may be cited in contradic- 
tion; and the same as regards wave length, land or sea effect,etc. 
A single discrepancy of this nature 15 sufficient ground for in- 
vestigation. 

(b) On the theory of an upper conducting layer of atmosphere 
to which the waves are “attached " as to the earth, how conceive 
reflection from that layer more easily than from the earth itself ? 

(c) Mr. Fuller's statement that the received energy did not 
always increase with the antenna current above a certain limit 
is very significant in view of many observations on this head by 
others. 

(d) The indication of interference bands noted by Mr. Fuller 
is rather striking, but would not this phenomenon of itself 
invahdate the quantitative measurements founded on wave 
length taken at a single fixed station? 

(e) I have not had an opportunity to calculate by Mr. Fuller's 
formula the relative increase of received energy due to sustained 
oscillations over that given by Austin's formula for the same 
radiation in the form of wave trains, but my impression is that 
the consistent results of actualday to day work would show the 
superiority of the undamped wave to be very much greater than 
indicated by the formula. This, of course, independently of the 
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more efficient receiving apparatus which is generally used for 
undamped waves. 

(f) We cannot imagine the conductivity of the earth or sea 
varying to a great extent, certainly not commensurately with 
the wide variations noted in received energy. Is this factor 
then of small importance? Every theoretical writer and every 
practical engineer accords it first place in his consideration of the 
subject. Whatever its importance it seems to deserve a place 
in the transmission formula. It is certainly subject to quantita- 
tive measurement. 

Considerations of this nature might be added at great length. 
The point I want to make is that if we limit our efforts in experi- 
mental research to refinements of more or less empiric formula we 
thereby set a limit to our final knowledge. Of course this work 
had to come first. Such work as that of Mr. Fuller cannot be 
too highly commended. Are we not now prepared to go some- 
what deeper? 

E. F. W. Alexanderson: Mr. Fuller has, as already stated, 
brought the art of radio engineering very close to the electrical 
engineer by his paper presented tonight. The matter of the 
transmission of radio messages has become simply a matter of 
transmission of alternating current. The formulas for calcu- 
lating the efficiency of transmission have been рлуеп and what 
is more important these formulas have been explored throughout 
a wide range of practical experience. 

If a system for radio transmission is to be designed in view of 
the knowledge we have now, we will need to determine the 
frequency or eventually the range of frequency that is most 
favorable, the power necessary and the voltage for which the 
aerial must be designed. For instance, if we consult the formula 
given more generally, we find that 1n some particular cases it 
can be figured out that a certain rate of transmission requires 
100 amperes in aerial. If we assume to use, as suggested here as 
a typical example, 0.01 microfarad capacity, we find immediately 
that 100 amperes flowing through a certain aerial will raise the 
potential of the overhead wires 30,000 volts in the case of 50,000 
cycles, or 60,000 volts in case the frequency is 25,000 cycles. 
An installation for radio-frequency is quite a different matter 
from such frequencies as electrical engineers ordinarily deal 
with. The losses from corona are extraordinarily high, and 
while such corona losses would not be considered to amount to 
anything ordinarily, they may absorb almost all the energy 
which is available. Insulators, also, may absorb a great deal of 
power, and therefore as a whole a condition is easily found where 
the voltage may be excessive, and consequently the lower limit 
of frequency may, under certain conditions, be determined by 
the feasibility of the insulation and the maximum voltage. 

If we then further examine the data given on the variations 
that occur due to refractions and other weather phenomena, 
it is apparent that a certain range of frequency is much 
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more favorable. It appears from these curves, as if under the 
conditions the frequency should at least correspond to some- 
thing lower than 6000 meters, in other words, lower than 50,000 
cycles. It will be very valuable for the design of apparatus 
for radio frequencies if some practical rule can be given for 
the range of frequency that is most efficient, in addition to the 
general formula and theoretical considerations. 

The curves given in the paper suggest that possibly for dis- 
tances of over 2000 miles we might say that the frequencies 
should range between 15,000 and 25,000 cycles. If that is 
so, a basis would exist for the design of alternators for genera- 
ting that power. I must ask indulgence if my mind runs 
into the channel of alternator designs and what bearing that may 
have on the problem. 

We are just now testing in Schenectady an alternator for 
long distance work, which was designed for 50 kw. at 50,000 
cycles, and it is particularly gratifying in view of the information 
we have tonight to be able to state that the alternator has proven 
to give a good deal more than 50 kilowatts throughout the whole 
range of frequency from 25,000 to 50,000 cycles. The import- 
ance of varying the frequencies in order to accommodate the 
apparatus to the weather conditions prevailing has already been 
brought out sufficiently by other speakers as well as in the paper. 

I want to explain how this particular alternator can be used 
for varying frequency. The alternator has a speed range from 
1800 to 3600 rev. per min., and for these corresponding fre- 
quencies no other tuning is needed than the tuning of the antenna 
itself. The capacity that the alternator needs for bringing out 
this power in the antenna and the tuning device, is the regu- 
lar loading coil. Therefore, if the antenna is tuned for any 
one frequency, it is only necessary to speed up the alternator 
until it automatically falls in synchronism with the antenna, and 
then the load is applied by the power flowing from the alternator 
and the speed is prevented from getting any higher. Test has 
shown that the speed under these conditions is stable enough for 
heterodynereceiving. For accurate work additional refinements 
of speed regulation are, however, needed. 

Returning to the question of the frequencies which are really 
desirable for radio communication, it 1s, of course, premature 
to speak about standardization, but the designer must have 
some definite idea in mind in order to advance the art at all, 
and the paper we have presented tonight has brought us a good 
deal further forward in the knowledge we really need. 

G. H. Clark: These days, the formula in connection with 
wireless seems to have just about as much immunity from at- 
tack as the average patent connected with wireless does, and 
this formula of Dr. Austin’s seems to fare pretty badly in this 
respect. In order to show that even in the field of spark tele- 
graphy there was wide divergence between the absolute results 
and the results when calculated by the Austin formula, a test 
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may be referred to which has already been mentioned in Mr. . 
Hepburn’s communication. In this test two spark transmitters 
of widely different efficiencies were coupled to the same antenna 
and were so adjusted that the same radiations were obtained 
in each case. On measuring the decrement from the two trans- 
mitters it was found that one gave practically twice the damp- 
ing of the other. The received current was measured, and it 
was found that the received current was practically twice as 
great in the case of the transmitter having the smaller damp- 
ing. There is a case where, according to the Austin formula, 
it would seem there would be no difference between the two. 
The conditions were the same, the distance was the same, and 
yet the decrement had a marked effect in determining the 
receiving energy. Therefore, that experiment is in line with 
the wide divergence between the conditions as derived from 
Austin’s formula and the result obtained in connection with 
Poulsen’s experiments. 

There is another test I would call attention to, which was 
carried on recently by the U. S. Navy Department at the 
stations at Tuckerton and Arlington. The object of the test 
was to show the results of different wave lengths obtained from 
a common arc transmitter. The condition in each case was 
that the power delivered from a 500-volt generator should be 
aconstant. The arc was of the usual type of series arc, directly 
in the aerial. At various wave lengths the power was adjusted 
to be exactly the same, and the radiation noted and a curve 
drawn showing the radiation at different wave lengths. The 
power was chosen as 30 kw. in each case. It was found in both 
cases that a very marked maximum was found in the radiation 
curve. At Tuckerton, where the antenna is of the umbrella 
type, the natural period of the system was 2500 meters, and the 
wave length at which the maximum was obtained was 7500 
meters, just three times as much. At Arlington, where the 
antenna is of the flat type, with a natural periodicity of 1900 
meters, the best wave length was 5700 meters. It is known for 
modern quenched gap transmitters, the most efficient wave 
length for transmission is between 1.75 and 2 times the natural 
period of the aerial, but in these two cases of arc transmitters 
it looks as if the best wave length is three times the natural 
period. 

In Mr. Fuller’s experiments, he has shown us in,his paper 
that he did not proceed by the method of keeping the energy 
delivered from the source constant, but, on the other hand, 
he kept the current in the antenna constant, and їп such case 
it would seem there would be a hump at the transmitting sta- 
tion corresponding to the most effective wave length for that 
antenna, and it would be only reasonable to expect that the 
same maximum would be shown in the receiving signals. Al- 
most all the curves Mr. Fuller shows from Honolulu to San 
Francisco show maxima at 7000 meters, and the object of 
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all these remarks I have made is nothing more than to ask 
Mr. Fuller if the natural period of the aerial at Honolulu is 
not one-third of 7000, or 2300. 

L. F. Fuller: Mr. Clark’s deductions in regard to the natural 
period of the Honolulu aerial are quite correct; it 1s approxi- 
mately 2300 meters. 

Referring to his description of the experiments with two 
damped wave transmitters, of widely different decrements, it 
is interesting to note that Dr. Austin’s latest published damped 
wave absorption formula includes a correction factor for the 
decrements at both transmitter and receiver. The earlier for- 
mula did not do so, and I presume itis tothis Mr. Clark refers. 

Dr. Goldsmith has mentioned the complicated theory of 
operation of the rotary tikker used in these measurements. 
This complication may, I think, be seriously considered in con- 
nection with the fundamental point raised by Dr. Zenneck 
(in regard to formula 7 of my paper) that we should expect to 
find telephone current proportional to the received current it- 
self. Prior to the beginning of these experiments, this point, 
being fundamental, was thoroughly investigated with the re- 
sult that contrary to what might be expected theoretically the 
telephone current with the type of rotary tikker used, is propor- 
tional to the received watts. This may be explained at present 
only by the peculiarities of tikker electrical characteristics. 

We have had many theoretical formulas covering radio 
transmission and but two empirical ones, namely—that of 
Austin for the damped wave, now corrected for decrements, 
and that proposed in this paper for continuous waves. I 
agree heartily with Dr. Zenneck that these empirical formulas 
can only be compared, even in a general way, over a one thous- 
and meter range of wave lengths, since the Austin data do 
not go above four thousand meters, and our continuous wave 
data have not been taken below three thousand meters, and 
further since the Austin experiments were over the Atlantic, 
and the continuous wave data were taken over the Pacific 
many months later, under widely different conditions. 

As men familiar with the making of radio measurements 
realize, the difficulties encountered in taking data of this char- 
acter are severe, and it will require years of experimenting be- 
fore the ultimate formulas with proper constants and factors 
are determined. 

The best that can be done at present is to compare the many 
theoretical and two empirical formulas with a full appreciation 
of the limiting features of each. 
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Discussion ON ' ANSWERS TO SOME QUESTIONS ON ELECTRIC 
Arc WELDING,” (LINCOLN), CLEVELAND, OHIO, MARCH 
19, 1915. (ЗЕЕ PRocEEDINGS FOR Marcu, 1915). 
(Subject to final revision for the Transactions.) 

Е. S. Zuck: Mr. Lincoln states on the first page of' his paper 
that all metals can be welded. This is true from a theoretical 
standpoint. Practically it is open to question, especially if 
the welding is to be done by the electric arc process. I would 
like to ask Mr. Lincoln whether he would recommend an elec- 
tric arc welding outfit for a foundry or a machine shop doing 
cast iron work exclusively: 

Among the difficulties encountered in connection with the 
application of arc welding, Mr. Lincoln mentions the lack of 
skilful operators. I believe that this constitutes at the present 
time the greatest obstacle in the way of the more extensive use 
of this valuable process. It is practically necessary in all cases, 
for concerns equipping themselves to make use of electric arc 
welding, to train their own operators. The results for the 
first few months are naturally indifferent and in some cases 
have been so poor as to give electric arc welding a “ black eye.” I 
do not agree with Mr. Lincoln that operators of average in- 
telligence, after one week's instruction, are sufficiently skilful 
for average arc welding. The time required to train a thor- 
oughly skilful operator is much longer, and his experience 
should extend over a considerable range of work. 

Regarding the strength of welds—another way of stating 
the answer to this question is that in general the strength of 
the weld will average 75 to 80 per cent of the original metal 
with no reinforcing of the weld. Many welds have been made 
of higher strength, and of course welds improperly made will 
be low in strength. Furthermore, recent tests indicate that 
there is apparently little difference in the strength of the weld 
whether it is made by the metallic electrode or by the carbon 
electrode process. In general, the strength of the weld depends 
ТЕ оп the skilfulness of the operator than оп апу other single 
actor. | 

Undoubtedly the motor-generator set with its accompanying 
control equipment provides the most flexible and satisfactory 
equipment where welding is done to any considerable extent. 
Mr. Lincoln calls attention to a machine which will deliver the 
required voltage of the arc without the use of a series resistance. 
Very little, however, has been said regarding the character- 
istics of this machine. I would like to ask Mr. Lincoln whether 
it is possible with this machine, for a number of operators, 
using either metallic or carbon electrode, to work simultaneously; 
or is the machine adapted for one operator only? By far the 
largest number of cases require that several operators, some- 
times as many as 6 or 8, work simultaneously from the same 
source of power. This is particularly true in railroad practise, 
where the greatest amount of activity in the arc welding field 
is now to be found. 
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Mr. Lincoln calls attention to the power consumption of a 
motor-generator set as compared with the special machine 
which he has mentioned. It is true that the straight motor- 
generator set when used with a series resistance, 1s not a very 
efficient arrangement from the standpoint of power consump- 
tion. However, there are other factors which considerably 
overshadow the question of efficiency. Foremost is the con- 
sideration of flexibility and ease with which the proper amount 
of current for the work in hand can be obtained. Also reli- 
ability of operation is of considerable importance, and I Ъе- 
lieve that the straight motor-generator set with plain resist- 
ance control constitutes a much simpler and far more flexible 
arrangement than any other system. Although not thoroughly 
familiar with the machine which Mr. Lincoln has mentioned, 
it is my recollection that it is more or less complicated and 
does not offer as great flexibility as the motor-generator system. 
It would be interesting for Mr. Lincoln to describe his machine 
in detail and explain how it operates. 

L. P. Crecelius: The statement has been made that this 
arc welding scheme finds its application principally in railroad 
shops. I think that is true, and in our shops in particular, 
you will find both types of arc welding and the acetylene gas 
welding outfits, with preference universally accorded to the 
acetylene-oxygen flame, because the flame can be concentrated 
on a metal structure which is usually engaged in the circuit 
with the electrical arc welding arrangement, without regard to 
the movement which takes place of the arc fanning around; 
and better work can be done. 

It has been said that this process is considerably more ex- 
pensive than the arc welding process. I would be very much 
pleased to have these experts state the comparative costs of 
the two processes for railway work. 

A. S. Bemis: The figures which Mr. Lincoln gave as rep- 
resenting the approximate cost of power required by electric 
welding machines under ordinary conditions are several times 
greater for the carbon arc process than for the metallic. 

For fear that some might interpret this as meaning that the 
cost per weld made by the carbon arc 1$ greater than if made 
by the metallic, I should like to say that in by far a greater 
number of cases, the contrary is true. This 1s primarily be- 
cause of the greater speed with which a weld can be made by 
the carbon arc process. 

D. B. Rushmore: The electric arc welding machine is not 
a thing which can be sold over the counter, and that 1s a peculiar 
feature of the electrical business. It renders a very large over- 
head expense necessary, and requires that a certain amount 
of selling engineering go with the industry. All this makes it 
necessary to educate the customer before he can use certain 
lines of apparatus with satisfaction, either to himself or to the 
manufacturer. 
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The point I want to illustrate requires a little story in regard 
to the oxy-acetelyne sct, and it is one of the new possibilities 
in the industrial field. A short time ago a gentleman in New 
York who is selling oxy-acetylene told me this story, and it 
may be worth while telling here in connection with the dis- 
satisfaction there has been with the brush arc welding set, be- 
cause of the lack of skill and understanding on the part of the 
purchaser in its use. This gentleman told me that he was 
called in by a firm manufacturing oxy-acetylene sets to tell 
them what was the matter with the business. Не said that he 
and another man were on the job for a year and studied the 
Situation and then recommended something that would con- 
serve the very considerable investment that had been made. 
After a few months it became very evident that this was one 
of many lines of business in which a profit on the sales would 
not pay for the cost of exploitation. That is something not 
very generally recognized, but there are many lines of busi- 
ness in which such a condition holds. What he arranged to 
do, as you gentlemen familiar with the oxy-acetylene welding 
in railroad shops know, was not to sell the apparatus, but to 
sell service, including the apparatus as an incident; and by 
selling a supply, in this case oxygen, get back his profit. With 
this further arrangement, a strict accounting system was put 
in, and the cost of every operation with oxy-acetylene (just as 
it should be with electrical welding or with anything) was 
properly recorded. Any other method of performing that opera- 
tion was also put down. In welding a connecting rod, for 
instance, a comparison was made with every other way of 
repairing, and the cheapest way was discovered and recorded. 
If no other way was known, an extra operation was performed 
to find out the cheapest method, and by adding up the columns 
on the right, showing the saving by each operation, the customer 
had at the bottom of the columns the saving to him during the 
course of a year in the use of certain processes. He compared 
that saving with the extra cost of oxygen and was entirely 
satisfied. 

Charles S. Powell: Mr. Lincoln might tell us about some 
other uses of electric welding. One he did not mention was 
that of the cutting of metals. One of the first important uses 
of oxy-acetylene was in the cutting off of risers from steel cast- 
ings. This same method has been followed in electric arc 
welding with the carbon electrode. A great deal of the com- 
petition between gas welding and electric welding apparatus 
has been based on the ability to cut metals with either system. 
It has been found that the oxy-acetylene is much more 
efficient for small work than the electric arc method, due probably 
to the speed of the cutting and also to the condition of the 
work after it is finished. For large work like cutting off of 
risers or the repairing of large steel castings, the electric arc 
method is cheaper. 
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J. F. Lincoln: Cast iron welding with the arc not only can 
be done, but is being done and is being done a whole lot cheaper 
than in the other way. If you weld a piece of cast iron. with 
the arc, you run into the difficulty spoken of in the paper; and 
if it is a large piece, and you weld on one spot, you will have 
a chilled condition around the spot welded. "That will act the 
same as if you take a hot casting and chill it by putting it in 
water or exposing it to the air. You must keep it hot long 
enough for the carbon to separate out into graphite, to make 
a soft grey iron casting. If the casting is of а shape where 
unequal heating will set up internal stresses, preheating is 
necessary whether the welding is done by the oxy-acetylene, 
the arc, or in any other way. If it is a small casting, and there 
is no danger of cracking, preheating is not necessary. If these 
precautions are taken there 1s not the slightest doubt that you 
can do the work cheaper than by any other process, for the heat 
costs less with the arc than by any other means. 

The next question was regarding the time required to train 
an operator to do efficient work. We have a couple of operators 
at our factory who are pretty good welders and they have had 
experience on all kinds of work. After they have taught a 
man how to do welding work of a certain sort and after the 
new man has been at that same work for three or four months 
he can easily beat the man who taught him on that particular 
job, as he has had more practise. If that same operator were 
put on some other class of welding, then the results he would 
get would be different and the man with more general experi- 
ence probably would be considerably faster. In other words, 
practise will increase skill in welding just as it will in any other 
operation. 

Regarding the question of strength of the finished weld 
when made with the metallic electrode or the carbon arc, the 
resulting weld if properly made by either method will be of 
approximately the same strength. There is, however, a very 
good chance in either case for getting slag into the weld if not 
properly done, which would result in a joint verv considerably 
weaker than it should be under proper conditions. One great 
advantage that the metallic electrode has is the fact that the 
amount of heat which is liberated at the weld is very small 
so that warping of the rest of the piece is practically elimi- 
nated, while with oxy-acetylene or with the carbon arc, warp- 
ing of the rest of the piece on account of the unequal expansion 
is often marked. For this reason, the metallic electrode is used 
almost exclusively in the thinner metals and in all sheet work. 
However, the actual strength of the weld does not depend on 
whether the metallic or carbon electrode is used but on the 
perfection of the weld and the elimination of the slag. In 
most cases, if the weld is properly made, the strength will be 
equal to the strength of the filler in the cast form, which means 
that it is practically equal to the strength of the original piece. 
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In answer to Mr. Zuck’s question regarding the character 
of the machine which I have described, I did not go into this 
matter fully in the paper because the machine is manufactured 
by us and naturally I did not want to talk of it in my paper. 

It is a constant-current machine throughout the range of 
voltage which is actually required by the arc. The no-load 
voltage under normal conditions is about 80. The actual volt- 
age of the machine then will vary as required by the arc and 
in actual service will vary from 0 to 50 volts. Within this 
range from 0 to 50 volts, the machine will deliver a constant 
current. This means that the rate of heating and the amount 
of heat liberated will be a constant under varying arc condi- 
tions; the ideal condition for arc welding, since, particularly 
with the metallic electrode, the rate of melting must remain 
constant in order to insure homogeneous welds. 

In answer to Mr. Zuck’s question regarding more than one 
operator working simultaneously on the same machine, since 
this machine is a variable voltage machine, it necessarily follows 
that it must be a single operator outfit. However, taking the 
worst conditions from a point of current cost. where each operator 
will require a separate machine, the matter then comes down 
to a question of whether with the greater first cost, the greater 
interest on investment and with the less operating cost on 
account of the elimination of the loss in ballasting resistance, 
this type of machine will be the cheaper. The actual cost 
of operation, as stated in my paper, will be from’ one-third to 
one-half with the constant current machine than it will be with . 
the constant voltage machine. This will mean that the differ- 
ence in cost will be made up within a few months or at worst 
within the first year’s use. Further argument on this point 
would seem unnecessary. 

Answering Mr. Crecelius’s question regarding the cost of 
welding with the arc and gas—the actual cost of welding with 
the arc is less because a certain amount of heat can be delivered 
at the weld for less money with the arc than is possible with 
gas. An actual comparison will show that the gas weld will 
cost from three to thirty times as much as the arc as far as 
the heat itself is concerned. There may be other limiting 
conditions on special jobs which will make this advantage very 
much less, but in all sheet metal work in which the gage of the 
metal is greater than 1/16 inch, the advantage of the arc over 
gas is marked and the advantage increases as the thickness of 
the metal increases. The arc also has the advantage of elim- 
inating the warping because the heat does not get far up in 
the weld. This is a great advantage over the gas weld where 
the entire sheet is certain to be warped on account of unequal 
heating. 

Regarding comparative cost of welding by the use of carbon 
arc and metallic electrode, this question can be easiest answered 
in the following way. 
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Wherever the carbon arc can be used to advantage, it should 
be used on account of its greater speed. In all other cases, 
use the metallic electrode, the speed of which, while not being as 
good, is still enormously greater than any other method of 
welding known. 

In answer to Mr. Powell’s questions regarding the matter 
of cutting off risers or cutting sheet metal by the use of the oxy- 
acetylene torch, the comparison is obviously in favor of oxy- 
acetylene for the following reason: 

With the oxy-acetylene it is possible to get а spot incandes- 
cent, then turn on a jet of pure oxygen and actually burn the 
metal up. This process is very rapid. With the arc, it is 
not possible to do this. The only way that cutting can be done 
is by actually melting the metal off. The only place where 
the arc is better than acetylene for cutting, is where the thick- 
ness of the piece to be cut is beyond the capacity of the acetylene 
torch. The limit is about 6 or 7 inches. Above this there is 
no way of doing it economically except by the use of the arc. 
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Discussion ON ‘‘ CONTROL оғ DtRECT-CURRENT Holsts IN 
IRON AND STEEL Ми.1.5$ ” (STOLTZ AND LuM), AND “ Di- 
RECT-CURRENT CONTROL FOR HOISTING EQUIPMENT IN 
INDUSTRIAL PLANTS ” (SNYDER), PITTSBURGH, PA., APRIL 
16, 1915. (SEE PROCEEDINGS FOR May, 1915). 

(Subject to final revision for the Transactions.) 

Н. D. James: The paper by Messrs. Stoltz and Lum brings 
out the importance of continuity of service. 

The theoretical calculations in connection with the arcing of 
electric switches are difficult owing to the many factors that 
enter into the problem, yet it is the most important item that 
has to do with the maintenance of an electric contactor. The 
mechanical construction of a switch is easily analyzed and passed 
upon Бу а good mechanical engineer. The question, however, of 
the life of contacts, freedom from freezing and wear on arc shields 
and surrounding parts of the switch is still somewhat obscure. 
So many data on this question are of doubtful value because 
some of the factors are not available and others are not accurately 
determined. 

When the arc is ruptured under oil, the arcing contact receives 
a deposit which is largely made up of carbon. In many cases, 
this improves the electric contact between these surfaces. The 
objection to an oil break switch is the inaccessibility of the parts 
submerged in oil. 

When the arc occurs in the air, an oxide is deposited on the 
surface which 1s a non-conductor and unless removed, will 
decrease the carrying capacity of thecontact. Several methods 
of overcoming the difficulty are in use. The well known drum 
controller tends to remove this oxide bv sliding contact. Most 
switches attempt to transfer the arcing from the current-carrying 
part tothe tip. Іп some cases this Ир is made of graphite. The 
most effective way to eliminate trouble of this kind and also to 
assist in rupturing the arc is to use the magnetic blow-out. The 
strength of the magnetic ficld depends largely upon the amount of 
current passing through the blow-out coil. On high voltage a-c. 
work some difficulty 1s experienced in rupturing small currents 
due to the absence of a strong magnetic field. This is partly 
Overcome by providing a horn gap, the are always tending to 
rise and extinguish itself on such a gap. 

When a contactor switch is closed and the contacts first touch, 
they tend to bound apart, causing a small arc. Although this 
arc is not nearly so large as the arc at opening the circuit, it may 
cause much more damage as the contacts are immediately closed 
after the arc, and if any of the metal of the contact becomes fused, 
the contacts will have a tendency to weld together. This fact 
15 often overlooked. 

The tendency to arc at closing is materially reduced by a long 
rolling action, somewhat in the way two gear teeth mesh. This 
rolling action easily breaks apart any spots which have a tendency 
to weld. Unless this rolling action is theoretically correct, 
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which it never is, there will be a slight sliding action sufficient 
to keep the contact surfaces in good condition. Where the action 
at closing is largely a sliding one, the rough points on the contact 
surfaces have a tendency to prevent the sliding, and any spots 
that weld together require considerable pull on the magnet to 
separate them. If the surface becomes quite rough, the sliding 
action will be stopped by the contacts locking together and this 
will prevent the armature of the magnet from entirely closing. 
The motion of the contacts upon each other transfers the arc 
from the part of the contact which carries the current to the tip 
which can be burned away without injuring the capacity of the 
switch. The action of the contacts should be sufficient to allow 
for considerable burning. 

The arrangement of the magnetic blow-out is very important 
as the quick rupturing of the arc reduces the burning on the tip. 
The design of the magnetic field is well understood and can be 
easily figured. Where a narrow contact is used, a better field 
can be obtained on small current values, which is one of the 
limiting features in rupturing the arc. 

It is well known that the arc flares against the arc shields, and all 
designs of blow-out structures make an attempt to keep this arc 
in the center of the gap. Some designs have been much more 
successful in this particular than others. 

During the last ten years a new form of magnet switch has 
been introduced, known as the series lockout switch. The 
operation of this switch is now well understood and need not be 
amplified here. The principal advantages of such a switch are: 

(a) The substitution of a series coil for a shunt coil. 

(6) The elimination of the electrical interlock and current 
relay. These advantages have often tempted the engineer to 
use series Switches on services for which they are not adapted. 

Since the switch is held closed by a series coil, it follows that 
when the current reaches a predetermined minimum, the switch 
will drop open. It then requires a certain increase in current value 
to again close the switch. A sudden drop in the line voltage due 
to starting another motor may cause a momentary reverse in 
the current through one of these switches, and open it so that a 
switch designed to hold in at even a small current value will not 
always remain closed. Іп some cases the series coil is not heavy 
enough for continuous service and may burn out if the switches 
fail to close. Designers have attempted to make these switches 
hold in and also to close at a minimum current. This tends to 
make the switch delicate in operation and easily affected by 
vibration. These facts should be borne in mind when series 
switches are specified. "The seriesswitch is asplendid addition 
to our line of contactors and when applied in the proper way, has 
materially decreased the complications of contactor control. 

W. С. Kennedy: In regard to the above papers, I would like 
to refer in particular to the blast furnace skip hoist controllers, 
as that seems to be one of the most important points under 
discussion. 
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The point brought out in Mr. Snvder’s paper, that the blast 
furnace hoist should be designed such that a very accurate stop 
is not essential, is a good one. Some types of furnaces designed 
several years ago were often of such a construction that, in order 
to obtain the proper slow-down speeds and accurate stopping 
positions, the controller must necessarily be very complicated. 
This point refers in particular to equipments in which the skip 
bucket was suspended in such a manner that, if the slow-down 
speed was made уегу rapidly, the bucket would start to swing 
and it then became impossible to obtain an accurate stopping 
position. Fortunately in all recent furnace applications, con- 
struction has been modified to such an extent that the control 
problems are very much simpler. 

In connection with blast furnace practise, undoubtedlv the 
most essential thing 1s continuity of operation and this means 
safety, not only in the controller but also in the motor equipment. 
It is, therefore, important to have the proper safety features 
incorporated in the automatic controller, such that a positive 
operation of the slow-down and stopping mechanisms 1s insured. 
Due to the fact that the load conditions vary under such limits 
on blast furnace equipments, some means for automatically 
varving the armature shunt resistance, as brought out in Mr. 
onvder's paper, is imperative in most cases and this feature 
should be such that the resistance would varv according to the 
load on the skip. | 

Messrs. Stoltz and Lum state: ‘ This shunt resistance causes 
a definite current to flow through the starting resistance and 
the series field of the motor." I presume that, in that type of 
slow-down, the current drawn from the line during the slow- 
down period is practically independent of the load. In order 
to get an accurate stop, therefore, under all conditions, I believe 
the slow-down current would have to be excessive, as it prac- 
tically amounts to impressing a low voltage on the motor arm- 
ature terminals and obtaining a low speed, which 1s practically 
constant regardless of the load on the motor. This means а 
large current consumption, but, on the other hand by providing 
an automatic means for varying this resistance, it 1s possible 
to reduce the current consumption during the slow-down period 
and moreover obtain more accurate slow-down and stopping 
conditions. 

There is another point which 1s very desirable for skip hoist 
control: That is, some absolute means of shutting off power 
in case the slow-down switches fail to operate at the right 
period. For example, with a skip running approximately 400 
ft. per min., depending upon the conditions, in order to make 
an accurate stop possible, the speed must be reduced to approxi- 
mately 10 or 25 per cent of its normal value. With such a 
large speed reduction, it is easily seen that it is absolutely 
essential that the slow-down feature be certain to work, or 
else power should be immediately shut off from the motor be- 
fore the skip approached its final limit. 
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There are two different wavs of accomplishing this: One of 
the best is the installation of an over-speed governor or similar 
device. "This governor is preferably of the centrifugal type and 
should be so designed that it will be capable of standing a 
normally high speed at hoisting and should be sensitive at the 
lower slow-down specds. 

Another limiting device that has been installed for a number 
of years 15 known as the contingent limit. This feature is usually 
designed to operate so that, if any of the functions fail to take 
place during the proper slow-down period, all power is im- 
mediately shut off from the hoist and brakes applied. 

In regard to the question of temperature rise of resistance 
mentioned in Mr. Snvder's paper, this brings up not only the 
question of the resistance material itself, but also the method 
of installation. It is absolutelv essential that all resistance be 
installed such that a free circulation of air is obtained. In 
many cases the writer has seen resistance break down com- 
pletely which was of ample capacity and would have been en- 
tirely satisfactory had the proper ventilation been obtained: 
T herefore, the specifications for resistance should not onlv cover 
the resistance material alone, but also should pav particular 
attention to its proper installation. 

E. H. Martindale: Mr. Snvder in his paper stated that 
cast-iron was not desirable for grids, because of its liability to 
breakage. We can probably find objections to almost anything. 
I wonder whether cast-iron, evervthing considered, is not the 
best thing to use. He stated also that mica was not satis- 
factory for insulation purposes, because of its liability to fail- 
ure, due to moisture, oil and other things. I think the author 
of the paper, in criticising the construction of the grids, should 
make some positive recommendation as to something better. 
We might state, for instance, that individual motor drive 1s 
unsatisfactorv, because it takes more wire, but we believe it 1s 
better than line drive, and if the cast-iron grid and mica insula- 
tion is not better than something else, then I think he should 
state what would be a better substance. He also 1n speaking 
of the grids mentioned the millivolt drop between joints, stat- 
ing it was from 1 millivolt to 6 millivolts in tests which he had 
made, and called that a 600 per cent variation. I think it 
should be taken as the percentage of the resistance of the grid 
and not in percentage of the joint. For example, the machine 
that he considers carries 634 amperes fully loaded, and the re- 
sistance of the grid runs from 0.01 of an ohm to 0.08 of an ohm. 
With 634 amperes the 6 millivolt drop in the joint is ощу from 
0.1 of one per cent to 0.01 of one per cent of the resistance in 
the grid. The resistance in cast-iron grids themselves varies 
as much as 10 per cent, and 0.1 of one per cent would hardly 
be comparable. 

He also speaks about the hoist of the bucket going down 
about half as rapidly as 1t rises, and states that this saves wear 
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and tear on the equipment. I am wondering why it would 
not be advisable to slow down the hoisting and speed up the 
return a little, to make that about even. That would permit 
the use of a smaller motor and also reduce the wear and tear 
on the hoist; instead of having a hoist which is as rapid as the 
design, why not even use a smaller equipment, which would 
reduce the load slightly on the power house? 

J. H. Albrecht: | was very much interested in Mr. Snvder's 
discussion of the means he emploved for operating the variable 
slow-down on the light and heavy loads. He said he had а 
maximum over travel allowable of 28 inches. It has been ту 
misfortune to encounter the older tvpes of furnace where the 
operating men told me that an over travel of 8 in. would be 
apt to cause the bucket to go into the bumpers and tear the 
bicycle wheels from the furnace top. 28 in. is a уегу good 
margin but when vou get down to the clearance of 6 to 8 inches 
the stop must be very accurate. We have tried and abandoned 
the scheme of the accelerator-generator attached to the motor 
shaft. That is a very delicate arrangement. Under this plan 
the set up switch must work on a small voltage variation es- 
pecially in the newer tv pes of motors where the speed regulation 
is very good. In such cases the set up relay must work on 
a voltage variation of 10 per cent. Anv one familiar with relay 
design will realize that it is extremely difficult to make a 
relay work accurately and reliably on a variation of 10 per cent 
in voltage. 

There is another scheme that we tried which is simple in 
theory but does not work out in practise. We tried using a 
lock-out switch for varving the slow-down resistance. The coil 
of this switch being in series with the main line. The idea was 
that on light load the switch would come 1n, short circuit some 
of the slow down resistance and give the severe slow down which 
is necessary to stop the fast traveling light bucket. On heavy 
load, the line current would be high and the switch would 
remain out and thus give а more gradual slow-down. This 
scheme is all right in theory but Mr. Snvder’s ammeter curve 
shows a very marked kick and line current following the appli- 

cation of the slow-down switch. It has been our experience 
that the kick is much more pronounced than is shown on Mr. 
Snyder’s ammeter record, and that the current will kick prac- 
tically to zero, depending of course on the speed of the motor. 
On the light load where it is most essential that the switch 
should operate the kick is most pronounced due to the high 
armature speed. It is very evident that this fact will knock 
the operation of the lock-out switch or anv similar device de- 
pending on armature current. It might possibly be made to 
operate bv a very delicate adjustment but would not be accur- 
ate or reliable. 

After trying these schemes we went back to basic principles 
and succeeded in getting an accurate stop under all load con- 
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ditions by a simple adjustment of the slow-down switches. 
We applied the first slow-down switch a little further out of 
the “ hole " and allowed a sufficient interval between that point 
and the point of application of the second slow-down to allow 
the motor to reach a constant speed under all load conditions. 
We then set the second slow-down at a point about 15 inches . 
from the end of travel or after the skip-bucket had started 
over the " knuckle." The second slow-down was very severe 
being practically a short circuit on the armature. With this 
setting we were able to get a stop which did not vary more 
ee l inch from a light bucket to a bucket carrying 9000 lb. 
of ore. 

As to Mr. Kennedy’s question concerning the height of the 
current during the slow-down period we limited the line current 
on the slow-down to 650 amperes which is slightly over 150 per 
cent full load on the motor. "There is another point which Mr. 
Kennedy brought up, and that is the question of ' protection in 
case of failure of voltage ". In the case of a balanced hoist 
where the down-bucket 1s going up with a coke load and the 
up-bucket is coming down after having discharged an ore load, 
you may often encounter the condition where possibly half of 
the ore load has frozen or stuck in the descending bucket. If 
the line breaker should blow the heavy descending bucket 
will cause the motor to reach the dangerous speed, and the magnet 
switches on the control board will hold in on counter e.m.f. of 
the motor. To guard against such condition the only satis- 
factory device we have at present, is a mechanical over-speed 
device attached to either the motor or drum shaft. This device 
is not entirely satisfactory as the motor must reach a considerable 
speed before it will operate and if the breaker should blow when 
the cars are about 15 ft. from a limit of travel it would not operate 
in time to prevent a smash-up. 

Paul Caldwell: At yesterday’s session there were some general 
remarks on features which enter into crane hoist operation and 
also trolley operation. Nothing was said of the bridge motion, 
which I think presents some problems which are peculiar to 
itself, and different from either the trolley or hoist motion. 

When the new series type contactor was put on the market 
there was а strong tendency to apply it to the operation of the 
bridge motion of cranes with only one running speed point in 
either direction. This was the case, not only with small in- 
dustrial cranes but with larger gantrvs and with ore bridges. 
After some experience with this form of control, several problems 
have come up which limit such application and 1n some cases 
eliminate it entirely. 

First, the question of speed of the bridge is a factor of prime 
importance. In mv opinion, a series contactor type controller 
with one running speed point will satisfactorily operate a bridge 
providing the ultimate speed does not exceed 50 or 75 ft. per min. 
Where the bridge is geared to run as high as 200 ft. per min., the 
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rate of acceleration with only one speed point is apt to be too 
great and cause the wheels to slip, especially if the track is wet 
and oily. For speeds up to 200 ft. per min. a two speed point 
controller would be advisable as it would permit the wheels to 
grip the track before being finally accelerated to full speed. 

For speeds above 200 ft. per min. it would be advisable to use 
from three to six selective speed points, the number depending 
on external conditions as well as ultimate running speed. 

Second, there is another important factor which requires 
consideration both for indoor and outdoor cranes, and that is 
the question of dragging loads. It frequently happens that 
cranes will be utilized for pulling or dragging heavy loads or 
cars from place to place and this work usually falls on the bridge 
motion. 

A common example of this on outdoor cranes is the '! spotting ” 
of railroad cars for the purpose of loading or unloading pigs or 
billets, and it is not unusual to see a crane drag five or six loaded 
cars in this manner. 

This same condition arises indoors in connection with open- 
hearth charging machines, where the bridge motion is always 
used to spot the cars in front of the charging doors. 

It is unreasonable to expect a controller designed with one 
speed point control to handle satisfactorily the operation of the 
bridge motion of such cranes where the imposed load will vary 
over so wide a range. | 

Third, the question of swinging loads on cranes is another 
point which should receive consideration, particularly where 
the loads are heavy and the lift a high one. It is difficult, if 
not impossible, for an operator to successfully handle a hot metal 
сгапе for example with a single speed point control. А соп- 
troller with several speed points is much preferred. 

In connection with outdoor cranes, there are three elements 
which enter into bridge operation that make series contactor 
type control undesirable. First, the conditions of the rails; 
in rainy weather they become slippery and the tractive effort 
is of course not as great as in good weather, when the rails are 
dry. An adjustment of the contactors, which would be satis- 
factory for good fast operation, under latter conditions, would 
cause slippage of the wheels under the former. This can only 
be overcome by employing two or more speed points which will 
permit of a slower acceleration when required without a constant 
change in the adjustment of the control panel. 

Second, windage is a factor which seriously affects the opera- 
tion of outdoor cranes, particularly if the crane is of the gantry 
type, as on ore bridges. А strong wind blowing directly against 
the crane will cause the series contactors to lock out and as a 
result the motor would never accelerate but runat avery lowspeed 
оп resistance. When attempting to move in the reverse direc- 
tion, with the wind, the motor would accelerate so fast that the 
wheels would either slip on the track or the resultant overload 
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due to such fast acceleration would blow the breaker. These 
difficulties can be overcome by using a controller with two or 
more points of speed control, and making the adjustments to 
meet the worst condition. 

Third, another point which infrequently occurs is a slight 
grade in the track or run-way. A crane run-way put on a soft 
ground level is apt to settle a little at one end, which would pro- 
duce the same effect as windage and cause the crane to accelerate 
slow in one direction and fast in the other. This can be over- 
come also by use of additional speed points. 

In fact, most, if not all of the difficulties in bridge operation 
can be overcome by using controllers having not less than two 
speed control points. The additional number of such speed 
points would, of course, depend upon the existing conditions to 
be met and each case would require individual consideration. 

R. A. Black: We have no hoists, except those we use on our 
cranes, and the question Mr. Caldwell has brought out about 
the bridge motion of trains is one that requires, I think, a great 
deal of consideration. That is the type of crane which some- 
times gives us trouble in starting with a one-point acceleration. 
The bridge is so long that if there is a little dampness or grease 
or anything of a slippery nature on the rails, the crane will tend 
to start one end ahead of the other and cause considerable trouble, 
sometimes even to the breaking of gears. I think two or more 
points of acceleration is a very good thing, and should be applied 
to cranes, especially for outdoor service. 

The question of the series switch acceleration on hoists is a 
thing which has given us some trouble, especially in the building : 
of the hoists—not so much after the plant isin operation. For 
instance, the operating department of a plant has installed a 
40-ton crane for a certain class of work out of doors, where it is 
required to lift shafts. We have one case where we lifted an 
80-ton shaft with a 40-ton crane, which, of course, is 100 per cent 
overload. The automatic control in that case gave us some 
trouble. It was necessary for us to send a man up to short- 
circuit the relays. If the plant in which the cranes are to be 
used would buy motors large enough for the work they have to 
do then the control would be perfectly satisfactory; but they do 
not always do that, so that something in the way of standard- 
ization along that line would probably help out considerably on 
control problems. In that case the different speed points would 
be of value so that you could throw on a second or third notch 
and cut out more resistance in order to get vour heavy loads 
started. | 

The question of resistance that Mr. Snyder brought out is 
quite important, but one of the principal things is to get the 
resistance properly located. We often put resistances in 
places where they are very much exposed. A good deal of 
dirt accumulates on them and consequently we get into a lot 
of trouble from heating and the burning up of the grids and 
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other parts. The type of grid is very important; also that we 
get a grid which can easily be replaced. For that reason, I 
believe that the semi-enclosed eye is better than the eye wholly 
enclosed, because it is so much easier to remove the grid and 
replace it. 

Mr. Snyder brought up the question of the acceptability of 
mica. Asa means of insulating I do not know anything better 
that we could use. No doubt we have a good deal of trouble 
in replacing our grids from the fact that the mica insulation tears 
and gives trouble in other ways. I have tried asbestos and other 
forms of insulation, but have not been able to find anything 
better than mica. A little care in locating as well as properly 
arranging your points of distance so that they will not heat 
will be a considerable help. The conditions of hoisting vary 
so much that it is really hard to make any general rule. Theo- 
retically you can work out the proposition very nicely, but when 
the man in the mill savs he must get a certain operation, regard- 
less of conditions or effect on the electrical apparatus, you as the 
electrical man must sit up and take notice. The electrical man 
under those conditions must get the work out regardless of the 
wear and tear on the apparatus. 

J. W. Welsh: I would like to make the suggestion that per- 
haps the great multiplicity of automatic and protective devices 
which the more modern systems of control involve needs to be 
supplemented by something more simple. For example, we 
have recently installed an automatic electric control on the 
Castle Shannon incline of the Pittsburgh Railways Company, 
on the south side. Work of this character requires a very close 
stop, perhaps within an inch. This control is very elaborate in 
its protective devices. It is, in the first place, of course, of the 
remote type. There is an auxiliary generator supplying the 
voltage dependent upon the speed of operation, and the difference 
between the voltage of this generator which is separately excited 
from the main line and the line voltage is used to operate the 
relavs which actuate the accelerating switches and retarding 
switches. In addition to this, there are, of course, the relays 
themselves 4 an additional link in the chain. There are on the 
main drum of the incline stop-motion switches operating through 
a screw, which at the end of the travel will start the retarding 
process. "There is an overspeed device in connection with the 
main drum of the incline, and in these various wavs the incline 
would be brought to rest bv automatic and safety devices. 
There is also a “ dead man's" handle on the main controller, 
so that in case it is released the retarding process will be brought 
into play. 

The point I want to bring out 1s that all of these safety, pro- 
tective and automatic devices which have a very useful function, 
offer just that manv additional links in the chain and that many 
additional opportunities for failure. Before this system was 
introduced, everything was manual, and, of course, everything 
depended on the operator. 
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In this case the continuity of service is absolutely a primary 
requisite, and I would like to make the suggestion, that perhaps 
there should be some simple throwover device whereby all of 
these automatic devices by one throw of a switch could be cut 
out, and a simple manual resistance type of control substituted. 
Any system of remote control also has to bear the additional 
expense of maintenance, that is, the maintenance of these ad- 
ditional devices. It seems to me there is a balance between the 
cost of this additional maintenance and the cost of repairs of the 
straight manual device, where you do not have the advantage 
of the automatic features. 

John D. Wright: Regarding the allowable temperature rise 
on grids, of which Mr. Snyder spoke, I think he is rather too 
conservative in limiting it to 100 deg. cent. Since 600 deg. 
cent. is about dull red heat I believe 200 deg. rise would not be at 
all objectionable. 

I would like to learn if Mr. Snyder has any substitute for cast 
iron for grids. 

Mr. Snyder states that " Protective resistance in series with 
magnetic switches is a possible source of trouble, which should, 
when practicable, be avoided ”. I think almost every one agrees 
with him in that respect. 

Then he says, “ The absence of any attempt at standardizing 
high-resistance units requires very careful attention to insure 
always having on hand spare units of the proper capacity and 
resistance value". I believe there are in the market resistance 
units from 0.1 of an ohm to 10,000 ohms that are standardized. 

Another subject that was not brought up in connection with 
automatic hoist control is that of limit switches. I would be 
interested to hear what type of limit switch Mr. Snyder used on 
his ash hoist. Was it a drum type geared or direct-connected 
to the hoist drum, or a track type operated by movement of the 
skip? 

T. E. Tynes: It has been my experience that the continuous 
duty coil is far better than to complicate your mechanism by any 
external resistance coils in series with your operating coils for 
intermittent duty. The number of applications where you 
require a quick snappy action and use a lower voltage coil in 
order to get that action, are so few compared with the operations 
where you could use a standard coil, I do not believe we are 
justified in complicating out control equipment by adding these 
various resistance coils in series with the operating coil. In 
fact, we have cut them out entirely where we can, and get along 
very well. I think the automatic control should be as simple as 
possible to do the work, and in all cases we have been able to get 
along with our standard continuous duty coil. 

In regard to grids, our experience has led us to believe that 
the closed eye grid is the best grid to use. We can build a 
resistance grid unit that will stand up, and have some 1n service 
now which have been in service four or five years. The drop 
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across the joint is just as small as the day they were put in, 
and we have had no occasion to change any section of the grid. 
A very much larger area of contact between the sections of 
the grid 1s obtained by having the solid eve rather than the 
Utypeeye. Insome of the earlier resistances there were failures 
in between the sections of grids, and on some of these grids we 
found as high as 40 per cent of the total ohmic drop through 
the grid was in the joint. By cutting out the failures and 
making the eye solid, and putting them cye to eye, and of 
large area of contact, we cut down that joint resistance and 
cut out all trouble. The resistance is where it ought to be, 
that is,in the material of the gnd rather than in the connection. 

Paul Caldwell: I was interested in Mr. Welsh’s remarks 
regarding the electrification of the Castle Shannon incline, in 
the city of Pittsburgh. Mr. Welsh mentions the complexity 
of the control required and its excessive up-keep, and makes 
some claim for manual control as being more practical for the 
work. 

I know of one incline installed in the City of Johnstown, Pa., 
which is operated by an a-c. motor from a power source of 
2200 volt, 3 phase, 25 cycles. The control for this motor is 
very simple, consisting of two oil immersed primary reversing 
contactors, sufficient accelerating contactors and two current 
limit accelerating relays. The equipment has been in opera- 
tion for a period of two and one-half years and never had a 
single failure. The cost of up-keep on the controller, outside 
of oil used for the primary switches, would probably not ех- 
ceed $5.00 a year. 

This equipment was made to successfully accelerate the in- 
cline under the widest variations of load, without requiring 
any changes in the adjustments of the controller after its first 
installation. 

I cannot agree with Mr. Welsh that the installation of mag- 
netic control is more expensive than manual from the stand- 
point of maintenance, or that it 1s more intricate to operate. 
In many cases it is more expensive to install but this item is 
nearly always off set by the resultant saving in up-kcep. 

С. S. Dauler: I agree with Mr. Caldwell on bridge control 
for some types of bridges. If the one or two point series switch 
controller is not satisfactory for bridge travel, on account of 
Switches locking out and preventing operation or acceleration 
when the bridge is called upon to handle loads that are unfair 
and in excess of the work for which the bridge was designed; 
why will a selective speed controller with series relays and shunt 
switches be any improvement. The series relay will, of course, 
lock out and prevent closure of accelerators and fail to cut out 
the accelerating resistance the same as the series switch, if 
the series rclays are set at the same closing value as the series 
Switches in order to give the motor the same protection. 

J. A. Albrecht: I agree with the last speaker in regard to 
the objection to the series switch on the point of starting 
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heavy loads when it is adjusted for light loads. This objection 
is inherent in any system of current limit control. If the series 
switch will not accelerate, the relay acting on the shunt switch 
will not. If load conditions vary widely, we must come to a 
time limit device. There is no other way. You cannot make 
a current-limiting device work. I have met this condition often 
in mine work. With wide fluctuations in voltage and load, 
you cannot do any better than to put a dash pot time- 
limiting device of some sort on the apparatus, as the current 
limit will not work under those conditions. 

C. S. Dauler: I would also add that I believe it was Mr. 
Black who brought up the point that the crane 1s often called 
upon to handle loads on the hoist greatly in excess of what 
the crane was designed for. I have a case in mind where a 
75-ton crane, magnetic switch, dvnamic brake controller was 
tried out. The first load hooked on the crane was the bed 
plate of a mill engine, weighing 122 tons. The crane was 75- 
ton capacity, 75-h.p. motor on the hoist, and the relays on 
this controller were set for handling a 73-ton load. This 122- 
ton test load was handled and juggled around and raised and 
lowered rapidly without any adjustment whatever of the relays. 

Paul Caldwell: I do not think that the point I was trying 
to bring out was correctly caught by cither of you gentlemen. 
What I was trying to say was this— That where we havea con- 
dition of wet track, as in out-door crane operation, the con- 
troller with only one spced point will accelerate so fast as to cause 
the crane wheels to slip, assuming of course that the contactor 
adjustments are not changed from normal operation. By т- 
troducing a second or slow speed point in the controller, it can 
be successfully adjusted to тесі the varying conditions, pro- 
vided the speed is within the limits previously mentioned. 

This second or slow speed point is primarily introduced to 
limit the energy input to a value sufficient to break static fric- 
tion and put the crane in motion, after which the current limit 
acceleration will bring it up to full running speed. Under such 
condition current limit acceleration is just as satisfactory as 
time limit, or any other automatic method. 

I agree with both gentlemen that the current limit effect is 
equallv as satisfactory with series contactors as with shunt 
contactors and series relavs, and if the load 1s of such value 
that one will lock out, so will the other. 

As regards current limit against time limit acceleration, a 
current limiting device controls the acceleration of the motor, 
depending on the armature current, which is a factor in its 
operation, while a time limiting device is governed by an ele- 
ment entirely independent of the motor. 

With the use of current limit acceleration, the relays or 
series contactors can be adjusted to limit the accelerating peaks 
to a safe value which will not cause sparking or excessive heat- 
ing of the coils. The time rate of acceleration with such con- 
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troller would be automatically governed bv the load current 
and would increase with light loads and decrease with heavy 
loads. This is exactly what is desired to secure the most 
efficient acceleration with maximum protection to the motor. 

Should a load be imposed on the motor, which could not 
be accelerated, with the relays set at maximum safe value, any 
other means which might be emploved to force acceleration 
would result in serious overloading of the motor and inevitable 
commutation trouble. This is just what would occur with the 
application of time limit acceleration. which simply acts as a 
means of forcing acceleration regardless of the load 1mposed on 
the motor. 

The second point on the controller, as I mentioned before, 
is added merely to insure the motor starting without slipping 
the wheels of the crane, after which the current limit feature 
will successfully bring the motor to its full running speed. 

Francis J. Burd: I have noticed that not much has been 
said on the question of the limiting switches. It seems to me 
this is an important part of the equipment. I believe а limit- 
ing switch should be positively connected mechanically to the 
winding drum and the contact ought to be made double-pole, 
and also should be of the air-break tvpe. I speak of the air- 
break type on account of it being free from the possibility of 
surface contact being formed, as might occur on the sliding 
contact type, through particles of metal being worn off the con- 
tact by abrasion. These metal particles would in time tend to 
prolong the opening of the circuit, which would result in the 
bucket being carried beyond the stopping point. An additional 
safety limit could be easily provided by the use of overtravel 
switches so connected that if they were opened by the equip- 
ment moving beyond the safe point, all power would be cut off, 
putting the hoist out of commission until a competent person 
could be called to find the cause of the overtravel. This over- 
travel switch would also act as a check on the brake, as it would 
tend to call attention to sliding from this source. 

Another question is that of the master controller. Mr. 
Coev spoke vesterday of having a substantial master controller. 
1 agree with Mr. Coey’s remarks on this, as I believe a good 
husky master switch should be used. There is one other point, 
the question of brakes. I believe the brake on the hoisting 
equipment should receive very careful attention and should 
be made large and husky, and of ample heat radiating 
Capacity. 

J. S. O’Donovan: There has been a great deal said here 
from the standpoint of the manufacturer of the apparatus. 
A number of operating men have spoken. I think that the 
Operating men today are verv fortunate. In 1898, Mr. A. E. 
Maccoun, an electrical engineer, started out to build a blast 
furnace skip hoist. Mr. E. Е. Slick was chief draftsman 
and Mr. Thomas Morrison was the general superintendent. 
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Mr. Maccoun had much trouble in convincing the manage- 
ment that the electric motor would work on a skip hoist. It 
took him some time. Finally Mr. Morrison gave his consent 
to try the experiment. We tried it on the B furnace. I had 
the pleasure of building the apparatus to operate this hoist 
from the ideas as given to me by word of mouth. We built a 
semi-automatic control, with which Mr. Albrecht, I believe, 
is familiar—thev were working ten years аро. 

J. H. Albrecht: They are still working some of them. 

J. S. O':Donovan: We had a limit of about eight inches. 
If we exceeded that limit we broke the I-beams at the top of 
the hoist. We had the experience of breaking quite a number 
of these beams, from broken shunt fields and different other 
causes such as the breaking of the brake band. We did not 
seem able to overcome any of these things at the time. There 
were no contactors built, there was no manufacturer who built 
contactors. We made our own contactors. They are not big, 
and I think it would be worth the while of every engineer who 
is building that sort of apparatus today to get an opportunity 
to see some of the old hoists, to see what we had to contend 
with. 

Much has been said about time limits on the blast furnace 
hoist control, and some of the speakers seem to confuse the 
time limit features with the blast furnace control and crane 
hoist operation. The time limit feature is absolutely essential 
on blast furnace hoists and is the one thing which will be re- 
tained. Nothing is gained by eliminating it. А definite time 
of hoisting 1$ sufficient to burden the furnace and have plenty 
of time left for melting. Ав to the crane time limit feature, 
we should not consider anvthing of that kind. 

Nothing has been said regarding the overloading of cranes. 
In the plant where I have charge we have twenty-eight travel- 
ing cranes, and we do not allow any man to exceed the capacity 
of the crane with a lift at any time. If we have a lift and the 
craneman is suspiclous regarding the size he refuses to lift. 
The electrician in charge of that department is called upon, 
and if he passes on it we make the lift. The electrical depart- 
ment in our plant has absolute control over all electrical ap- 
paratus and the men who operate it. The man on the floor 
and the people who do the work have nothing to say about 
such details. For that reason, we arc able to have “safety 
first " better than in any other way. 

Mr. Palmer, who attended one of our meetings, asked me the 
question—How is it that you do not have more accidents in 
the use of cranes? I said—Mr. Palmer, I cannot answer you 
that question in full, but I will sav this—that one reason 1s, 
we employ men who are of equivalent capacity to street car 
motormen and we also have absolute charge of our cranes in 
the electrical department. We do not allow side pulls on a 
crane. It is liable to pull a cable off a drum. We absolutely 
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do not allow it. The craneman has strict orders not to move 
a crane if a side movement is intended or any pulling sideways 
is to be done. It is a dangerous thing. If the cable gets ой 
the side of the drum in any way, you cannot guard it to stop 
it. The cable will be cut and it is not noticed. Later on in 
making a lift the cable breaks. Some people say— Perhaps 
you do not work your cranes hard. "There are two cranes in 
one department in which we wear notches in the bottom of 
both hooks, and we renew them every eight months. That is 
some work on a crane. We travel our loads over the heads 
of the men, continually, carrying pipe; and the men never dodge, 
never think of getting out of the way, and we have never dropped 
а load. In the last nine years in the operation of the butt weld- 
ing department—it is a threading department, where a great 
deal of material 1s handled by cranes—we have never broken 
a cable on a crane. We inspect these cranes twice a week, 
and we replace the cables every six weeks, whether they re- 
quire replacing or not. That is our regular custom. In that 
way we get as near perfect safety as itis possible to secure in 
the operation of cranes. 

Paul M. Lincoln: "There is one point which has been touched 
on a number of times, and that is the temperature limit which 
Mr. Snyder puts on his grids, etc. I believe these are too low, 
the facts of the matter are they are lower than the temperature 
limits which the new Standardization Rules of the American 
Institute of Electrical Engineers put on the copper insulation 
of electrical machines. 

Some recent tests have been made which show that the mica 
in the generators which were installed at Niagara Falls twenty 
years ago and have never since been rewound, have been sub- 
jected to a temperature, at their full load condition, of some- 
thing over 200 deg. cent. They have been running at that 
temperature for about twenty per cent of the time for the last 
twenty years. И the insulation of generators can stand tem- 
peratures of that kind, I do not see any reason for limiting the 
temperatures which we can allow: upon grids, rheostats, and 
apparatus of that kind. 

J. H. Albrecht: The resistors used on the old hoists consisted 
of sheets of $ Бу 5/32-inch steel hoop suspended from supports. 
This crude resistance is still in operation after about seventeen 
years of service, and has outlasted many equipments of our 
modern grids, although at the present time Mr. Friedlaender 
has no complaint to make on the modern grid resistance in use 
in his plant. 

M. А. Whiting: I think if Mr. Snyder wishes to limit the 
temperatures on iron grids to anything like as low values as he 
gives, perhaps what he has in mind is not so much limiting the 
temperatures to 50 deg. rise, as it is limiting temperatures to 
something like 100 to 200 deg. rise under several times nor- 
mal load conditions. It would seem that the result might 
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be attained with less tendency toward the development of trouble 
if inquiries called for resistances, subject to normal practise in 
temperature rise, and specified those resistances for different 
current capacities representing the extreme probable operating 
conditions. The manufacturers are always glad to sell as many 
tons of iron grid resistance as they are called upon to supply. 
The manufacturer in a given case will include in his proposition, 
if he has no information to the contrary, we will say, five hundred 
pounds or so of iron grids, where he might possibly have found 
an excuse for running 1n and trying to get away with two thous- 
ands pound of grids. There are two reasons from the man- 
ufacturer's standpoint. One is that if in his opinion 500 Ib. of 
resistance is satisfactory, he owes it to his customer not to try 
to run in a lot of unnecessary material at an increased price. 
The other is that if he does try to put something over and recom- 
mends unreasonably heavy and expensive equipment, the 
manufacturer who is in with a proposition which seems to be 
trimmed down nearer to what is required, will probably obtain 
the business. Therefore, in all such cases where extreme 
resistance capacity must be provided, I think it 1s well for the 
purchasing company to specify in detail in the inquiries what 
they wish to have in the way of resistance capacity in ex- 
cess of what is commonly accepted as average practise. In 
that case the various manufacturers will understand the require- 
ments of the purchaser and their propositions will be comparable. 
Ordinarily, if an inquiry calls for four or five times the amount 
of resistance material that would be used normally for the work, 
if the manufacturers' representative does not see the reason for 
it, he will admit that the customer may have a good reason for 
specifying it. He will make a proposition on that basis, but will 
also put in his proposition an alternative corresponding to the 
ordinary practise, and will expect that both propositions be 
given consideration on their merits. 

I think there is room for a closer understanding on the part of 
purchasers as to what they are calling for when they put out their 
specifications on rheostats for use with the various classes of 
control. 

G. E. Stoltz: I think the discussion on the part of the various 
members shows a rather unanimous opinion that a series lockout 
switch is hardly applicable to bridge type control, that is, on 
the average crane. In applying control to the bridge of a crane, 
or any piece of apparatus, we consider the average conditions and 
these can be well met. But if we overload the crane, it seems 
to me it is a matter of bad management or poor organization 
which we should not take into consideration in designing the 
control, nor should the control be blamed for any accidents 
under those circumstances. Probably other apparatus 1s being 
saved merely due to the fact that the control will not allow the 
operator to start up under those conditions. 

With regard to the comparative simplicity of manual against 
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different types of magnetic control, the control for an inclined 
plane, of course, naturally is in a different field from that of 
steel mill control. The former is a proposition that must have 
constant attention and requires a skilled operator. Other con- 
siderations will take place than merely the satisfactory operation 
of the apparatus. In mill apparatus, on the other hand, there 
are panels and motors which get very little attention—probably 
the only time the inspector sees them is when something happens. 
Of course, that state of affairs could not be allowed on an in- 
clined plane. The upkeep and repairs of a complicated control, 
as on an inclined plane, may be very small, but it seems to me we 
have got to balance the attendance that is given that apparatus 
against probably the repairs on a more simplified mill control. 
In the end you will come out about even. 

W. Т. Snyder: In regard to Mr. Kennedy’s remarks in refer- 
ence to stopping the skip hoist in case of failure of the slow-down 
resistance, we have an arrangement on our skip hoist which 
accomplishes that end, by means of a relay in circuit with the 
armature shunt resistance. In case the circuit is not made the 
relay operates and cuts off the line current, and allows the ap- 
plication of a series solenoid-operated band brake. It was men- 
tioned that the method of assembling the grids was important. 
If we can keep down the temperature rise by some new method 
of assembling the grids, all right. 

Mr. Martindale asks us to suggest a material better than iron 
for resistance grids. It was my purpose to tell the manufacturers 
of some of the troubles that operating men were having. І said 
that cast iron is not a desirable material, and I also said that it is 
probably the best we have today, but I do not believe we should 
be satisfied with it, because it isnot good enough. But we do 
not have any positive recommendations other than that there 
should be some material that would be better than cast-iron, 
especially for the smaller sections, so that they could not be so 
easily broken. I think the same statement applies to mica, 
which is as good as anything we have, but is not satisfactory. I 
do not believe we should put up with it, but I am not in a position 
to tell the manufacturers what material should be used. 

In regard to President Lincoln's remarks about mica, it has 
Occurred to me that the mica of twenty years ago was not the 
mica of today. 

Mr. Martindale referred to the millivolt drop which I gave, 
and compared it to the current-carrying capacity of the resist- 
ance. The resistance which I refer to is not a resistance used on 
the machine which was considered in mv paper, it was just a 
bank of resistance which happened to be lying around and we 
had it measured up. It was a small bank of resistance de- 
signed for a 35-h.p. motor, somewhere around 125 amperes. 

Mr. Martindale also made reference to the resistance of the 
different grids varying as much as 10 per cent. I also made 
Some investigations along that line and picked up a few old 
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grids that happened td be taken out of a resistance bank which 
had been in service four or five years, and measured the re- 
sistance of each grid. The grids had identical marks on them 
and were supposed to be identical grids, in current capacity 
and resistance value. They were supposed to have a resist- 
ance of 0.036 ohms, and we found they actually had a resist- 
ance of 0.054 to 0.079 ohms, which was considerably more than 
ten per cent. Мг. Martindale may have referred to new ге- 
sistance, and my remarks referred to resistance which had been 
in use for several years. 

One of the speakers also brought up a point about slow re- 
turn on the ash hoist which is described in my paper. I was 
on the point of explaining that when going through my paper. 
This hoist was an old crane trolley for which we had no use 
and we put the apparatus to work lifting ashes from the gas 
producer, leaving the speeds as they were. I do not know that 
it would be of any advantage to cut down the speed of the hoist- 
ing operation in order to get more speed lowering. I think it 
is easier to control the thing going up than it is to control it 
going down. 

Mr. Albrecht referred to the small kick shown on our am- 
meter curve in connection with the skip hoist slow down. The 
peak shown at the first slow-down point was the accelerating 
switches opening and inserting the starting resistance in series 
with the armature. 

In regard to Mr. Albrecht's point as to what would happen 
in case the line voltage goes off, anywhere along the length 
of travel. This would result in the solenoid operated band 
brake applving and the skip would come to rest and it would 
automatically accelerate when voltage comes back. 

In cold weather, if the ore was not dumped out of the car, 
and one car was coming down half full and the other going up 
fully loaded, the buffer would take the blow of the car coming 
down, so it would not add to the blow of the up car when 1t 
hit the top. 

Mr. Wright referred to the matter of standardizing high-re- 
sistance units. I have here a list of resistance units giving 
their ohmic resistance and current capacity. Неге is one unit 
having a resistance of 550 ohms and 0.37 amperes capacity; 
another 33 ohms, 0.5 amperes capacity; another 2.6 ohms and 
5.4 amperes capacity. It is very probable that these units can 
only be duplicated as a standard commodity by the manu- 
facturer who supplied them. It would be very desirable if 
the manufacturers would adopt standard values for these units 
as far as is practicable. We very often find that there are units 
of different sizes and capacities on the same control board. 
They look alike, but unless we have the proper information at 
hand, we are apt to get mixed up. 

I do not believe Mr. Wright got my point correctly about 
not needing limit switches. I referred to the coal hoist only, 
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іп that connection. There are so many other things to watch 
that I do not believe an overtravel limit was needed on that 
particular job. We do have overtravel limits on the hoisting 
crane, skip hoist and ore bridges. The limit switch we have 
on the ash hoist is a geared limit. 

For the information of Mr. Tynes, I would say that the 
millivolt drop which I gave was across the joints between 
the grids. The grids had a closed eye, and the drop averaged 
from 1.1 to 6.5 millivolts. 

President Lincoln said our recommendations on tempera- 
ture rise were low. Resistance working at high temperature 
with the present method of assembling resistance banks gives 
trouble due to contraction and expansion. This loosens up 
the connections and the clamping, causing burning and sputter- 
ing between the grids, unless they are very closely watched. 
When the temperatures get high, you have oxidation of the 
grids, changing the resistance value. Better results are ob- 
tained at the lower temperatures. 
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DISCUSSION ON “ SOME TROUBLES ENCOUNTERED IN THE OPER- 
ATION OF CARBON BRUSHES ON DIRECT-CURRENT GENER- 
ATORS AND Motors,’ (MARTINDALE), CLEVELAND, OHIO, 
Максн 19, 1915. (SEE PROCEEDINGS FOR Marcu, 1915.) 

(Subject to final revision for the Transactions.) 

D. B. Rushmore: Every designer of d-c. machines owes a 
debt of gratitude to Professor Arnold for his clear and careful 
elucidation of the phenomena of commutation. The phenomena 
are so exceedingly complicated, when vou consider all the 
e.m.fs. involved, and all of the variables that can enter 
in the shape of quality and condition of the commutator and 
the carbon brush, the width, the pressure, distribution, and 
wear, etc. Ц was not until we got thelittle X-rav apparatus, 
known as the oscillograph, that we could begin to find out what 
was going on. The development of the electrical industry, and 
especially the d-c. machinery, is dependent upon this little 
carbon brush, and upon the peculiar qualities of contact resist- 
ance that we get with it. 

One question I would ask Mr. Martindale is, whether there 
is anything else in sight, anything new in carbon brushes. Апу 
new construction of the carbon brush, which will help us reduce 
the design of electrical machinery to a point bevond the limita- 
tions imposed abroad. — Direct-current machinery 15 not the only 
kind using carbon brushes now. The inherent nature of the 
a-c. motors running at constant speed is being diverted by the 
use of commutator motors to get variable speed. You will 
find in this city some large a-c. motors of this kind. What 1$ 
the future possibility of 1mprovement, of change, of substitution, 
of variation, in the manufacture of carbon brushes? 

H. В. Edgecomb: Several points in this paper need to be 
particularly emphasized. The first 1s that the brush is the 
weakest link in the whole chain of connectors or conductors or 
joints in the machine. 

The next point is the necessity of good mechanical conditions. 
It is surprising how little dimensional separation is required 
between brush and commutator suriace to cause sparking and 
the resultant cumulative troubles. A brush rated to carry 
30 amperes per sq. 1n. under ordinary running conditions, тау 
carry five times that amount without distress, if the brush 
contact is mechanically right. The causes which are back of 
an intermittent separation of as little as one mil between the 
brush and commutator are many, and it is safe to predict that 
unless they are removed there will be trouble. It is futile to 
change resistance of windinys, brush resistance or any electrical 
characteristics until these mechanical troubles are removed. 

A gentleman just called my attention to the fact that he had 
a machine which he polished carefully, and the mica part was 
so hard that he got a separation between the copper and the 
mica, after having turned it. The very slight motion, the move- 
ment which it receives largely in turning, was sufficient to cause 
all the trouble necessary to put the machine out of business. 
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The third point is the cumulative effect of any disturbance 
which takes place at the contact surface of brush. Troubles 
of this class never decrease with continued service. For 
example, the heating of the brush makes it a better con- 
ductor, causes it to carry more than its share of the current, 
and this selective etfect becomes greater until the brush finally 
glows and incapacitates itself and the commutator for further 
use. 

What is the percentage effect of accumulated oxide or carbon 
deposits on the contact drop and friction? I mean by that, the 
cumulative effect in the test apparatus. What percentage 
effect they had on readings, for contact drop and for friction? 
If you wipe the ring regularly with a clean cloth, would the 
percentage drop rise, and how much? 

One more point, the danger of trving to identify commutator 
troubles by sound. I remember one machine on which the 
experts from two brush manufacturers spent nearly a week 
trving to solve the question of commutator troubles, or the 
brushing quality of the motor by sound and noise, and it 
happened one day the machine was started up without the 
d-c. brushes down and the noise was there just the same. The 
noise resulted from causes outside of brush contact or brush 
separation; it was a siren effect which came from the passage 
of air through the leads. 

R. H. McLain: . There is one cause of poor commutation that 
is not directly caused bv the brushes, nor bv anv fault in the 
machine. I hope it is not getting too far away from the com- 
mutator to mention this cause of trouble. It is in the matter 
of control apparatus for motors which start and stop so fre- 
quently that the sparking which mav occur during that period 
would seriously detenorate the commutator, and get the brushes 
and commutator 1n bad condition or at least start them 1n the 
wrong direction, and allow the running of the machine after that 
to continue the deterioration. I think in hunting for commu- 
tator troubles you should not stop until vou examine the con- 
trol apparatus of a machine that is frequently started and 
Stopped. 

To illustrate some of the conditions, I know of a series-wound 
motor whose rated amperes are 200. The machine was reversed 
at full speed across the line, without any resistance in series, 
and it did not spark so that vou could notice it. As near as 
could be told the current went up to 1100 or 1200 amperes, not 
by oscillograph, but ammeter. People would naturally pro- 
nounce that machine perfect as to commutation—you could not 
make it spark. However, if vou used that same machine on 
dynamic braking, weaken the field sufficient to get it up to high 
speed, and then try to stop it by short-circuiting the resistance 
in one step, you would get the worst form of sparking. Of course, 
1n machines not as good as that particular one, if the resistance 
is not laid out for starting in the proper manner, you may have 
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the proper number of switches to start the machine, the proper 
number of resistance blocks; but the peaks, being unequal and 
some extremely high, start commutating trouble. 

I will give an example of a bad case of commutation caused 
by a controller. The motor was rated for 550 volts and about 
300 amperes. The load in hoisting was about 300 amperes. 
The load in lowering was about 200 amperes. The lowering 
speed was 25 or 30 per cent above hoisting speed. It was 
stopped by the starting resistance. The first block of resistance 
that was cut out was exceedingly high. It was all right for 
starting purposes, but when it came to stopping the machine, 
you would have a machine running at 30 per cent over speed 
developing momentarily 1100 volts and 900 amperes. It was 
a good motor, and had good brushes, but it sparked. 

D. M. Petty: There is one point in connection with the 
discussion on carbon brushes which has not been touched on. 
It is the question of lubricants in the brushes. In the operation 
of a large number of machine tools we found that the motor 
builder used a brush impregnated with some kind of lubricant. 
After the brush has been in use for some time the lubricant is 
heated, runs out, and sticks to the brush holders. І feel that 
the brush manufacturers ought to be able to get out a brush 
' with some kind of dry lubricant, so that the brushes would not 
stick to the boxes. The lubricant seems to be all right and 
serves its purpose very well, so long as it does not get on the 
brush holders, and the motor is kept running. As soon as the 
motor stops the brushes stick ир in some position not in 
contact with the commutator, and when started next time the 
trouble accumulates. 

The idea of the standardization of brushes, as brought out 
by Mr. Martindale, is one, it seems to me, all users of motors 
will welcome, because we find that almost every manufacturer 
has a different sized brush for even the same size of motor. If 
vou have уегу many sizes and makes of motors in your plant, 
you very soon have to carry such a stock of brushes that it 
becomes a burden. 

W.C. Kalb: Mr. Martindale spoke of the difference between 
hardness and abrasiveness, a very important point and one 
that is greatlv confused. I have also found commutator wear 
resulting from brushes that were strictly non-abrasive when 
properly operated. I have felt, in the majority of these cases 
upon examination of the conditions, that it was due to a burning 
action. I know of one case where the brushes were operated 
under a very light tension. The result was pitting, the dis- 
integration of the faces, such as Mr Martindale described, a 
very dirty commutator and very high temperatures. In looking 
under the brush from the end of the commutator you could see 
an arcing condition there. That commutator was wearing 
badly, but by cleaning up the brush faces, and increasing the 
tension sufficiently to produce firm contact, it polished up nicely, 
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and there was no further wear. The brush had absolutely no 
gritty material in it, so that the wear in that case must have 
been purely a burning action. 

In the line of field troubles, there was a case I encountered 
on a large generator in which the brushes on certain studs would 
spark, and in the first attempt to remedy the trouble several 
kinds of brushes were tried, always with the same result. A 
further examination, however, showed that this machine had 
cast іп pole pieces; that 1$, the laminated pole pieces were cast 
into the frame, and the pole pieces themselves were unequally 
spaced. This introduced a condition that could not be entirely 
corrected by shifting the brush studs. You could shift them to 
correspond to the position of the pole pieces, but then you 
introduced a different number of armature coils between the adja- 
cent studs. Thedisplaced brushes had different voltage between 
different studs, and localized short circuited currents between 
them, so that a compromise was all that could be had, and the 
. best result could not be obtained for that condition, without 
reshaping the shoes of the pole pieces so as to equalize the spacing 
of the field poles. 

The matter of the type of brush holder used is often a very 
important factor in the operation of the brushes. Mr. Petty 
referred to the trouble with lubricated brushes. Of course, the 
majority of manufacturers make brushes that are artificially 
lubricated, with some wax-like substance, possibly paraffine, 
possibly some other wax, and also brushes that depend on their 
graphitic make-up for lubrication and have no artificial treat- 
ment. А case such as he speaks of could undoubtedly be over- 
come by putting in a brush that had natural lubrication. This 
trouble is particularly pronounced on holders of the reaction 
type, where the brush is held against the plate of the holder 
by considerable pressure, the top of the brush being beveled, 
and the position of the spring or pressure arm being designed so 
as to bring a pressure against the plate. If these brushes are 
treated and operated at a temperature sufficient to drive some 
of the lubricating substances to the surface, when the machine 
stops, there is actuallv a freezing of the brushes; the material 
hardens and the brush is attached to the plate. It may be that, as 
it cools, the contraction of the ring will be such as to draw the 
brush away from the commutator, so that in starting up, one 
or many of the brushes will be actually out of contact. The 
result is that you start up with an arc, and as one man put it, 
you have a combined heating, lighting and power unit. 

Another cause of brush troubles I have found at times, 1s 
with commutators that have been rebuilt or repaired, especially 
where it was necessary to loosen up the clamp ring. This applies 
to the type where the clamp ring screws on to the shaft and is 
not drawn in by bolts. In tightening this ring, the bars mav 
have been given a twist, or it may be through carelessness in 
inserting mica, or otherwise, a little dirt has gotten in between 
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certain bars, giving them an offset. Now, if a brush is covering 
approximately an even number of bars, that twist may be enough 
to throw them over on to an additional] bar at one end, just as 
though the brush stud were crooked. That 1s often the cause 
of serious sparking which can be overcome by care іп clamping 
up the commutator and having the bars perfectly straight. 

J. H. Lapp: In my opinion, the trouble is not so much in 
the brushes, as it 1s in the mica in the commutator. I had an 
instance of a machine which continued to spark. I set my 
brushes and did evervthing possible with the machine, and we 
could not get anv better results—the machine ran at less than 
half load, with tremendous heating. I finally took the commu- 
tator out—it was а little flat on one side—turned it, and put 
it back 1n the machine, and it continued to spark and heat. I 
examined the mica bars and found the mica was so hard that 
in turning the commutator it seemed the tool just jumped over 
the mica bars and left them high. I took the bars all down, 
and the trouble was over, the machine running nicely.: | 

L. P. Crecelius: I would like to sav a few words in regard to 
a change in policy which is very noticeable on the part of brush 
manufacturers, and which seems to have taken place within the 
last three vears. Before this period current densities of 30 to 
35 amperes per sq. in. of carbon brush were about as far as we 
could carry the load on brushes. Now, however, considerably 
larger current densities are permitted, indicating that the sub- 
ject of brush design has been seriouslv considered by the manu- 
facturers, and seems now to be much better understood. 

Recently in this city there were installed some fifteen 60-cycle 
svnchronous converters, on which the commutators, principally 
on account of high speed, and partly also for economical reasons, 
were made very small in diameter, requiring therefore a very 
narrow brush, having fundamentally poor mechanical charac- 
teristics. Notwithstanding this serious limitation, proper 
brushes were subsequently found, but the point I want to raise 
is this: obviously the manufacturer of this electrical apparatus 
had entirely overlooked the fact that the brushes supplied with 
these machines were so weak that it was impossible to operate 
the apparatus. It was necessary for us to submit the difficulty 
to brush manufacturers who thereupon, after carefully studying 
conditions, submitted a design and the former brushes were 
replaced by the latter, with very satisfactory results, showing 
that it required but a small margin of improvement to bring 
about satisfactory conditions. 

John P. Mallett: Of course, the size of the brushes is im- 
portant, but there is another phase of the proposition which 1s 
also important, the pigtail problem. Mr. Martindale men- 
tioned the possible standardization of the length of the pigtail, 
but the connection between the pigtail and the brush I have 
found to be an extremely important point. Most of you know 
that when any one wishes to remove a brush from the holder, 
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he will take it out by the pigtail, and the result is the pigtail is 
liable to become loose. When it becomes loose the tendency is 
for it to become looser, because it burns from the poor contact. 
When it becomes very loose it is practically of no value, and if 
the design of the machine is such that the pigtail is required at 
all, you will get poor operation. Therefore, I think it isimportant 
that this question of the pigtail should be given careful con- 
sideration. 

The point may be raised that certain manufacturers have 
patented methods of attaching the pigtail, and therefore, they 
would not deviate from that method. That, again, will give 
rise to this condition—after such machine has been in use for 
some time and new brushes are required a brush is obtained with 
some other kind of a pigtail, when the original 1$ absolutely 
necessary. Thereisno question but that we can standardize on 
the pigtail, the method of attachment, etc., and it is quite as 
important as the dimensions of the brushes. 

A. M. MacCutcheon: In regard to this point of standard- 
ization, the question has arisen in my mind whether the brush 
manufacturers are considering doing anything to reduce the 
number of kinds of brushes and narrowing down the number 
of qualities of brushes. We in the motor manufacturing bus- 
iness, do not want the carbon manufacturers to reduce the num- 
ber and kind of brushes if they cannot do so without interfering 
with the solution of our problems. We have many problems 
coming up which require different qualities of brushes, but 
if it were possible to reduce the number of qualities of brushes 
and still furnish as many answers in the solution of our 
various problems, we would be glad to see that done. I think 
our shop superintendents would be delighted if the engineers 
were not able to try as many different kinds of brushes 
on the motors as they do today. I would be glad to have Mr. 
Martindale inform us whether any action is being taken bv the 
carbon manufacturers to try to reduce the number of qualities 
of brush, and yet be able to answer as many problems as arise. 
I do not suppose it would be a mistake to say there might be 
twenty-five or thirty qualities of brush. If you divide the 5000 
brushes Mr. Martindale mentioned by the twenty-five or thirty, 
you have immensely reduced the number of different types. 

E. H. Martindale: I think the discussion this morning has 
brought out the fact that there are many troubles not caused by 
the brushes. 

In regard to standardization, I visited the works of -a 
large manufacturer a short time ago and the gentleman to whom 
I was introduced said they would standardize on one length, 
two widths and five thicknesses. The length was to be 2 in.; 
the width 3 in. and 12 in., and the thicknesses # in., 4 in., $ in., 
ł in. and lin. That reduces the possible sizes to ten. 

I see no reason why practically every manufacturer could not 
adopt about ten, or at the most, fifteen standards, to meet the 
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needs of all machines, except the small special machines, such as 
the dental motors and vacuum cleaner motors which will prob- 
ably alwavs have to remain special. 

Mr. Rushmore asked if there was anything new in sight in 
brushes. There has been great development in the past few 
years in the manufacture of carbon brushes, and with the de- 
mands that are being made during the past few years in the 
manufacture of carbon brushes and with the demands that are 
being made by the manufacturer for higher current density and 
higher speeds it will be necessary to develop something else, or to 
limit the manufacture. If the machine will run at twice the 
speed, vou can get nearly twice the power from the same weight. 
It is advantageous to get as high speed as possible. The turbo- 
generators have shown the great development which has been 
made in the capacity of machines of equal weight. 

А great advantage of the carbon brush lies 1n its high contact 
drop with its comparatively high carrying capacity. The con- 
tact resistance of carbon brushes is approximately ten times the 
specific resistance. If we can find some material which will 
maintain the same contact drop as carbon brushes have at present 
with a resistance of half or less than the present carbon brushes; 
it will immediately give us something better to work on, provided 
it has the other characteristics of a carbon brush, such as long 
life and low friction. It is a question in my mind whether 
there is any other material that will answer that purpose. 

My. Edgecomb and Mr. Lapp both spoke of the hardness of 
mica, and the difficulty of cutting mica with a tool. I think 
there is one point that may be of help in turning a commutator, 
it is that oil tends to reduce the cutting on copper and tends to 
soften mica. И oil was applied to the commutator perhaps 
several hours before the cutting was started, and then oil used 
during the cutting, the mica would cut down even with the 
copper much better than it does at the present time. However, 
this practise should not be generally recommended, as oil is a 
dangerous enemy of mica. 

Mr. Edgecomb also asked regarding the effect of oxidation. 
The contact drop 1s a very difficult thing to reproduce exactly. 
It 1$ largely due to the oxidation of the ring, but the method we 
have used is to let the machine run until the contact drop be- 
comes constant. It may be fifteen minutes, and it may be three or 
four hours before you can get a contact drop constant. By rubbing 
a clean cloth over the ring, or your hand, or any object, a contact 
drop тау go away up and it may go down. I have been watch- 
ing a machine when there were no currents of air around and 
apparently nothing could change the contact drop, and it in- 
creased almost double. If we get any vibratory chattering of 
the brush, the contact drop will be greatly increased, due to the 
intermittent jumping of the brush from the commutator. The 
jumping is so rapid that with the ordinary volume of contact the 
voltage will seem constant; but it is more like the effect of the 
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automatic voltage regulator, cutting in a high resistance, and 
cutting it in so rapidly that the resultant is of constant value. 

Mr. Edgecomb also spoke of the noise due to air. I had a 
case at Defiance about two weeks ago where there was a click 
every time the commutator came around, that sounded like a 
high bar, but you could not locate it. We found the pigtails 
on the negative studs were vibrating. There were two pigtails 
on each brush, and at every revolution the two pigtails would 
come together, corresponding with that click; but we did not 
find out what it was. 

Mr. McLain brought up the question of dynamic braking, 
which is a very serious problem. Its main use, in the experience 
that I have had, is in ore unloaders, where the bucket is going 
down to the boat and when nearly to the bottom the dynamic 
brake is used for quick stopping. 

Mr. Kalb touched on the point which Mr. Petty brought up 
in regard to lubrication of brushes. Now, a great many users 
still insist on getting the cheapest brush they can buy. The 
cheap brushes are abrasive, from the materials which must be 
used, and the lubricant is put in largely to reduce the high 
friction. In the cheap brushes the material to be used for lu- 
brication must necessarily be cheap in itself, and this will fry 
out under nearly normal conditions. Some lubricated brushes, 
that 1s where the artificial lubrication 1s used, are made so that 
the wax will not fry out until the brush reaches a high tem- 
perature, higher than it should reach in normal operation. 
Lubricated brushes can be used if the machine has no short- 
circuiting current or other serious heating, which raises the tem- 
perature of the brushes. 

As brought out by Mr. Kalb, however, it 1s better to keep 
away from any lubricant, on reaction type brush holders. 1 
had a case where the commutator was about 1/32 in. out of 
true, slightly eccentric. Every night the brushes would freeze 
to the holders and in the morning the engineers would have to 
go around with a hammer and knock the brushes down on the 
commutator before starting. It was a shunt machine and 
could not give anv voltage until this was done. 

Mr. Petty spoke about a good many sizes of carbon brushes 
looking good to the carbon manufacturers, but it does not. 
It is true, you get more orders to start with but the users do 

It isimpossible for the carbon manufacturers to keep brushes 
ready to ship, especially with the large number of sizes and grades 
used at the present time. Ifthesizes could be reduced to a small 
number, they could carry in stock brushes of all the sizes which are 
standard and ship them the same day that the order is received, in- 
stead of waiting a week or ten days. When material is carried in 
rough stock, which it must be with the present method, the 
material is sent to the first department in which it is cut to 
the approximate sizes. After that it must be edge-planed, end- 
planed, and side-planed to exact size. At every machine there 
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must be three to four orders waiting for the operator to work 
on; otherwise, if we tried to have a man working on every order 
as fast as it came, we would have to have about three times as 
many men as we could use in the low part of the load. Itisa 
question of load factor of orders: On Tuesday, with the heavy 
mail received on Monday, we would probably need three times 
as many men as in the rest of the week. 

The points brought out by Mr. Kalb were very interesting, 
especially oxidation and the unequal spacing of cast poles. 

Mr. Mallett spoke of the standardization of the pigtail con- 
nection. We would like to do that very much, but all the good 
ones are patented, either by us or some one else. We cannot 
standardize a patented pigtail connection. Something might be 
done in standardizing pigtail connections by limiting the voltage 
drop between the brush and the pigtail to a certain definite value; 
and, as a further specification, making the pigtail mechanically 
secure in addition to a low-resistance electrical contact, so that 
after long operation the pigtail will still be intact. 

Mr. MacCutcheon spoke of the number of different kinds 
of brushes. We have fifty-two at present that are commercial, 
and quite a number of laboratory brushes on test. We hope 
to have fifty-seven pretty soon. I do not know that I should 
say we hope to have, but we probably will have. It is not 
necessary to have so many kinds of brushes as we have from 
an operating standpoint, but it is from the carbon manufac- 
turer’s standpoint, because there are more than that many 
variations. There are at least six or eight different kinds of 
coke used in brushes, and at least fifteen or twenty different 
kinds of graphite. All these graphites have a different ash, 
and it 1s the ash constituent that largelv influences the brush 
in regard to friction and abrasive action. The ash in the 
graphite may be mica, or quartz, or iron oxide, or silica, or any 
one of several other materials which are ordinarily found in 
graphite. Тһе reason we need so many different varieties is be- 
cause somebody sends іп a brush and says “© please send us so 
many brushes per sample, of such a grade." We carry a great 
varletv of brushes, and can duplicate any brush on the market. 
That is the reason why we have so manv, and not because they 
are needed from an operating standpoint. 
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Discussion ON “ SEARCHLIGHTS " (MCDOWELL), NEw York, 
FEBRUARY 18, 1915. (SEE PROCEEDINGS FOR FEBRUARY, 
1915.) 

(Subject to final revision for the Transactions.) 

В. В. Chillas, Jr. (by letter): In taking up the discussion of 
this paper, it is particularly worthy of note that the author has 
brought out the desirable characteristics of the searchlight 
arc, since a consideration of these or very similar principles has 
resulted in a decided improvement in the present standard 
{уре of searchlight carbons. While this has not been carried 
quite so far as has been shown in the Beck lamp, neverthe- 
less, it 1s quite probable that a wider application will be 
obtained. 

It has been pointed out bv Lieutenant McDowell that the 
arc length has an important bearing on the efficiency. The 
limiting condition is fixed by the stability of the arc, and is 
measured bv the number of outages permissible in a given 
time. Experiments have shown that there is а considerable 
difference in the inherent steadiness of the are when different 
textures of carbon are used in the negative, in a large part due 
to the tendencv of the arc to wander about or to remain at one 
spot. In taking advantage of this fact, it was found possible 
to reduce greatly the diameter of the negative carbon and to 
effect a still further improvement bv selecting such a size as 
would tend to burn witha slightly tapering, rather than a blunt 
tip. The necessary current carrving capacity is secured by 
copper plating. 

Observation then showed that the arc on such a negative was 
particularlv steadv, could be operated at an increased voltage, 
with a resulting increase in length, and did not tend to wander 
about on the positive. In fact, the positive crater would become 
so deep that the arc would finally travel to the sides of the crater 
and become unsteadv. It was then found that the diameter 
of the positive carbon could be materially reduced, which re- 
sulted in an increase in efficiency from the higher average tem- 
perature of the positive tip. It should be noted that the area 
of the Beck carbon is 200 sq. mm. ($ in. or 16 mm. in diameter) 
as given in the paper, and the arca of the crater is nearly as 
great since the vapor cooling prevents spindling. In the im- 
improved trims the carbon area 15 650 sq. mm. (1¢ іп. 
ог 28.6 mm. ш diameter) but owing to the spindling that takes 
place, the crater area is about 280 sq. mm. (3 in. ог 19 mm. in 
diameter). 

These changes have resulted in improvement in the direction 
of the first thrce characteristics mentioned in the paper, namely, 
an increased arc length, due to the higher arc voltage, with a 
resulting increase in the energy concentration at the positive 
crater; a decrease in the shading of the crater by the negative, 
and a decrease in the tendencv of the arc to wander about on 
the positive, thus maintaining the crater more nearly at the 
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focus. Incidentally it is found that the light rises rapidly to 
full candle power, upon starting. 

The fourth characteristic, uniformity of carbon, brings up the 
important question of the relative rates of consumption of the 
positive and negative carbons, or burning ratio. With carbons 
selected to fulfill the above characteristics, it is found that there 
is a certain average natural ratio of consumption in the carbons 
for each different curve. 

Deviation from this ratio must of course be expected, following 
the probability curve. In the Beck lamp, the automatic focus- 
ing mechanism takes care of these variations and keeps the 
positive crater in position, regardless of the rate of consumption. 
The operator, of course, must give his attention to feeding the 
negative at very frequent intervals. In the lamp mechanisms 
having a fixed feeding ratio, the natural deviations from the 
average burning ratio results in a movement of the positive 
crater from the focus, so that the operator must shift the whole 
lamp mechanism backward or forward in the drum. The im- 
portance of having the feeding ratio of lamps of this type the 
same as the burning ratio of the most efficient carbons cannot 
be too strongly emphasized. Any changes in the carbons, 
necessary to cause them to burn in focus must be paid for by 
a decrease in efficiency, a feature which has caused a great deal 
of poor operation in the past. It is suggested that in lamps of 
the fixed feeding ratio type, a set of three change gears be incor- 
porated in the design of the lamp, so that approximately a ten 
per cent variation either way in the feeding ratio may be made 
by shifting an idler gear. 

As an illustration of the nature of the changes that have been 
made in the carbons for the different currents, the following 
tables give the comparative sizes: 


SEARCHLIGHT CARBONS 
TABLE I.—PRESENT SIZES. 


Size Rated Carbon dimensions Lamp 
of current Arc feeding- 
Positive Negative ratio 


mirror amperes voltage 


7/16 x 3-1/2 іп. | 1.65 to 1 


9 in. 10 j x 5-1/2 in. 
(23 cm.) (13 x 140 mm.) 11 x 90 mm.) 

13 in. 20 5/8 x 6 in. 1/2 x 4-1/2 in. " 
(33 cm.) (16 x 152 mm.) (13 x 115 mm.) 

18 in. 35 13/16 x 8-1/2 in.) 5/8 x біп. т 
(45 ст.) (20.6 x 215 тіп.) | (16 x 127 mm.) 

24 in. 50 1 x 12 in. 3/4 x 7 in. т 
(60 cm.) 25.4 x 305 mm.) | (19 x 178 mm.) 

30 in. 80 1-1/8 x 12 in. T/S 2 Tin. z 
(76 cm.) (28.6 x 305 тт.) | (22 x 178 mm.) 

36 in. 120 1-1/4 x 12 in. KET it: s 
(91 cm.) (32 x 305 mm.) | (25.4 x 178 mm.) 

60 in. 200 2 x 15in. 1-3/8 x 12 in. M 
(152 cm.) (51 x 380 mm.) (35 x 305 mm.) 


Digitized by Google 
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TABLE 2.—IMPROVED SIZES. 
Size Rated Carbon dimensions Lamp 
of current Arc feeding- 
mirror amperes voltage Positive Negative ratio 
9 in. 10 46-49 0.51 x 4.75 in. 0.31 x 4.37 in. 111 
(23 ст.) (13 x 120 mm.) (8 x 110 mm.) 
13 in. 20 48-51 0.63 x 5.5 in. 0.35 x 5 in. “ 
(33 ст.) (16 x 140 mm.) (9 x 130 mm.) 
18 in. 35 50-54 0.63 x 7 in. 0.35 x 6.25 in. " 
(45 cm.) 16 x 180 mm.) (9 x 160 mm.) 
24 in. 50 50-54 0.75 x 10 in. 0.39 x 9 in. “ 
(60 ст.) (19 x 250 mm.) (10 x 230 mm.) 
30 in. 80 55-59 0.97 x 10 in. 0.45 x 9 in. “ 
(76 ст.) (25 x 250 mm.) | (11.5 x 230 mm.) 
36 in. 120 58-62 1.12 x 10 in. 0.51 x 9 in. ка 
(91 ст.) (28.5 x 250 mm.)| (13 х 230 mm.) 
60 in. 200 05-72 1.37 x 15 in. 0.63 x 12 in. 1.35 to 1 
(152 cm.) (35 x 380 mm.) (16 x 300 mm.) 


It should be observed that a material decrease has been made 
in the cross section of the corresponding carbons. Also that 
the new trims are adapted to the present type of lamp, provided 
the feeding ratio 1s changed. 

Candle power measurements of the new trims show about a 
30 per cent improvement over the present standard trim in 
effective flux on the mirror, together with a greatly improved 
steadiness and quality of beam. In obtaining these fig- 
ures, the method used was as follows: An integrating sphere 
photometer, divided vertically into two hemispheres was used, 
together with a high candle power incandescent lamp as an 
auxiliary standard. This lamp was mounted in a metal reflector 
so that all of the light would be delivered in one hemisphere. 
First, determine the mean spherical candle power of the auxiliary 
standard lamp in the sphere; second, remove the rear half of 
the sphere, mount this lamp so that its entire flux falls within 
the hemisphere and read the photometer. Third, place the 
searchlight lamp on the horizontal axis of the hemisphere, with 
the positive crater at such a distance from the rim that the solid 
angle subtended by the rim is the same as that subtended by the 
mirror, and read the photometer. For these readings, namely, 
the total flux from the auxiliary standard lamp, the illumination 
produced by it on the hemispherical surface, and the illumination 
produced by the searchlight on the same surface, the total 
effective flux in the solid angle 0 subtended by the mirror may 
be calculated, 

Effective mean spherical c. p. of searchlight — mean spherical 


(Illumination from searchlight) 
(Illumination from standard) 


. This affords a very convenient and rapid method for determin- 
Ing the candle power; the values given by this equation are in 


C. p. of standard lamp X 
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terms of mear spherical candle power falling on the mirror, that 
may be converted to mean effective intensity in the direction of 


the mirror by multiplying by the factor "E Е the ratio of a 
1 - cos 2 
total sphere area to that within the effective solid angle 0. 

Several questions have arisen to which we would be pleased 
to have replies, namely, the normal volts and amperes, and rate 
of consumption of the Beck carbon. Are the mirrors ground 
toa parabola on both faces, and to what extent does a departure 
of the crater from the focus cause a noticeable effect in the 
beam. 

Karl Georg Frank: Schuckert is not the only man to 
whom credit should be given for the parabolic mirror for the 
searchlight, but it was Professor Munker, in Nuremberg, who 
did the theoretical calculations and he and Schuckert worked 
together, thus being able to manufacture and put on the market 
the best searchlight mirror that is obtainable. Everybody who 
has ever used these mirrors, knows of their one special feature, 
and thatis the quality and uniformity of the product. It is not 
very difficult for any optical man to get a good parabolic mirror 
once in a while, but to get a parabolic mirror of first-class quality 
all the time, that is the secret, and it is very difficult to obtain. 

I am very glad to see that the searchlight has: joined that 
class of apparatus which in recent years has contributed so 
much to the use of electricity in the army and navy, and it is aptly 
said 1n the paper, that for a period of twenty-five years no special 
progress has been made in the matter of searchlights. I believe 
Mr. Beck's achievement is very creditable, and there is really 
shown a tendency toward further improvement. 

The author speaks of the lamp mechanism, and there seems 
to be some doubt expressed as to whether that is fully reliable 
and, comes up to the requirements which the navy must main- 
tain. Reliability is, of course, of first importance, and it would 
be interesting to know whether or not those difficulties of which 
the author speaks, have been overcome. 

The author speaks further of the temperature and mentions 
that carbon evaporates at about 1800 deg. cent. I do not think 
that figure is correct. The phenomena which occur in an 
electric arc, are not only thermal phenomena, but electrothermal, 
and if the carbon is heated up to 1800 deg. cent., without an arc 
being formed, then I do not think any evaporation takes place 
at all. Itis very likely that a peculiar phenomenon takes place 
in connection with the ionization of the atmosphere so that little 
particles of carbon are separated from the carbon and are thrown 
with the electrons across the space to form the arc. "Therefore, 
I think the figure of 1800 deg. cent. is not correct. 

I wish to call special attention to the very interesting treatise 
by Professor Lummer, of Breslau who recently measured quite 
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correctly the temperature of the arc and has produced arcs under 
pressure as high as 22 atmospheres, and he obtained temperatures 
up to 6000 deg. cent. It seems to me, also, that the special value 
of Mr. Beck’s achievement lies in obtaining this high temperature 
which Mr. McDowell gives as about 5000 deg. cent. It is, in 
my opinion, impossible to obtain the same effect by any other 
means. The previous speaker pointed out some tests and 
experiments made in this country, and ш connection with that 
I wish to say that a foreign company made similar tests and 
changed the size of the carbon, and also the density of the current 
in the carbon. For instance, the Argentine battleships built 
in this country, have been equipped with foreign searchlights, 
and as far as I remember the size of the carbons has been changed 
and negative carbons of smaller size, say 38 mm. to 40 mm. 
diameter, were used. 

But, according to what we know today, 1t 1s not possible to 
obtain such a high efficiency as, for instance, Mr. Beck obtains, 
by the other process, because it is not possible to obtain such a 
high temperature. It is well known that the intrinsic brilliancy 
of the arc and of the crater does not increase proportionally 
with the current. If you exceed a certain current density you 
will not get a proportional amount of increase in efficiency and 
intrinsic brilliancy. 

Then I wish to call attention to the statement in the next to 
the last paragraph, which is very interesting. It is said 
that the increase of illuminating capacity of four times makes 
it possible to increase the radius of action, so to speak, from 
4000 meters to 5300 meters. You see therefore, that even an 
increase of about 400 per cent in the illuminating capacity brings 
about an increase of only 33 per cent inefficiency. That further 
points out the importance of the absorption of the light in the 
atmosphere. 

I want to point out that the possibility of discerning a distant 
object is, as the author also said, dependent first of all on the 
quality of light received by the object, second, cn the nature of 
the surface illuminated, particularly its color and reflecting 
properties; third, on the transparency of the atmosphere, and 
fourth, on the nature of the objects surrounding that atmosphere. 
Under ordinarv conditions, with a 90-cm. searchlight you can 
figure on a radius of action of about one mile, or а little less, 
but, as mentioned before, it is verv dependent upon the 
atmosphere, because the absorption of the atmosphere varies 
between 2 and 50 per cent and 1f dense fog 1$ present, of course, 
a great deal more. In tests made in Nuremberg, it has been 
found that smaller objects could be seen at a distance of about 
2700 meters, larger objects at a distance of about 7600 meters, 
while with the same searchlight, under similar conditions іп the 
Mediterranean, Egypt and Asia Minor, distances up to 12,300 
metershave been obtained. Therefore, it is noticeable that a 
further problem arises, which might engage the efforts of the 
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engineering profession, and that is to clear from the atmosphere 
suspended particles, mist and fog, and that would mark a very 
great step in advance in this problem. Possibly one of our 
confreres, Mr. Nicola Tesla, would be able to accomplish this, 
as it has something to do with the projection of energy through 
space; it is known that electrical energy of high tension will 
in some way clear the atmosphere. 

Н.А. Hornor: To the practical operating man, the search- 
light must be more interesting on that side rather than on its 
theoretical side. The great improvement in the illuminating 
power of the searchlight is, of course, a very great advantage, 
not only from the standpoint of illumination, but also from the 
importance of its use. 

I should like to ask Lieutenant McDowell to explain a little 
more clearly to us the operation of the lamp. As I understand 
it, the gas is formed by the use of alcohol, and I should like to 
know what the operation of the lamp is in that connection. It 
must be understood, of course, that this searchlight has its 
application upon a floating craft, whose electrical equipment has 
unusual care, but it is doubtful in my mind whether a search- 
light of this particular type would be universally applicable. 
On a naval vessel of any size, such as a superdreadnaught, there 
would be sufficient intelligence of an electrical nature to take 
care of the operation of the lights. I doubt very much, however, 
whether on our ordinary passenger and merchant vessels the 
searchlight could be usefully operated. We have a rule in 
merchant practise that a searchlight must be at least 18 inches 
in diameter, to be useful on an ordinary merchant vessel, namely, 
a vessel of 300 or 500 feet in length. Ап important point 1s that 
the searchlight must operate with a minimum amount of atten- 
tion, as you cannot carry a bodv of skilled electricians on mer- 
chant vessels, except those of large size, such as our trans- 
atlantic liners. 

W.S.Franklin: If you have a mathematical point source 
of light at the focus of a true parabolic mirror, you get a parallel 
beam. If you have a larger source, you get a conical beam, and 
I think the speaker who preceded me is mistaken in thinking 
that there 1s a possible correction of the shape of a mirror which 
will eliminate the necessary divergence which comes from the 
employment of a large source of light. 

I was very much interested in reading this paper by Lieutenant 
McDowell, and pleased to have him clarify his discussion of the 
luminous power of а searchlight. I would like to ask Lieutenant 
McDowell whether, in the actual use of the searchlight for 
picking up something which has not. yet been located, it has ever 
been found advantageous to use what is called indirect or side 
vision, which sometimes shows objects so much better than 
direct vision in dim lights. 

I wish to make one other point, not in connection with the 
paper, but in connection with a matter of terminology in photo- 
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metry and illumination. The two kinds of vision to which I 
have referred are commonly called twilight vision and bright 
light vision, but it seems to me that the two types of vision 
would be designated better Бу the two terms block vision 
and detail vision. It is well known that if you are walking 
out on a very dark night, and a person approaches you, he will 
be very much more easily seen if he is at one side than if he is 
directly in front of you. This so-called twilight vision 
enables one to perceive only a block or blotch with no detail 
whatever and I think it should be called block vision. Vision 
by the central part of the retina, on the other hand, enables one 
to see details, 1t requires a much higher degree of illumination, 
and I think it should be called detail vision. These two words 
seem to me to be much more clearly descriptive than the words 
heretofore used. 

The question I have asked Lieutenant McDowell is simply 
as to whether, in the use of the searchlight, any deliberate 
attempt has ever been made to use block vision instead of detail 
vision, in catching a first glimpse of the distant object to be 
located. 

Clayton H. Sharp: One of the very good points about this 
paper is that it sums up in a comparatively few words а good 
deal of the theory of the searchlight, which theory 15 frequently 
misunderstood. Аз Professor Franklin has said, if we have a 
strictly mathematical point source at the focus of a true parabolic 
mirror, we would get a parallel beam of light, and the flux 
density of light down that beam would be uniform throughout, 
except for atmospheric absorption. The diameter of the beam 
would be the diameter of the mirror. When the size of the 
crater becomes appreciable, the angle made at the surface of the 
mirror by the crater, which is called by Lieutenant McDowell 
the angle of dispersion, sometimes called the angle of divergence, 
determines the divergence of the beam as it leaves the mirror. 
So by increasing the size of the crater the size of the beam at a 
distance is increased, but the maximum flux density in the beam 
remains the same. 

The point in regard to the Beck lamp is that it produces a 
luminous area having a higher average brightness than does the 
ordinarv lamp. It has been prettv generally conceded that in 
the carbon arc the brightness of the brightest part of the crater 
is practically independent of the current density. Ifthe current 
density is increased, the area which has the maximum temper- 
ature is also increased, but the brightness of the maximum part is 
not increased to any great extent. This brightness represents, 
in other words, a temperature corresponding to the vaporization 
point of the carbon. In the Beck lamp the end of a small 
carbon 1$ solidly covered with an intense white light, giving a 
useful area of higher average brightness than the ordinary carbon; 
consequently the beam is homogeneous and the useful output 
of the searchlight is increased. 
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There is a characteristic difference between Fig. 10 of the paper, 
which shows the Beck light curve, and Fig.11, which shows the dis- 
tance curve of the navy standard 60-in. The Beck lamp givesan 
extreme point distribution which corresponds to a small crater. 
The navy standard gives one which is much less pointed, and 
where the point is much lower. That corresponds to the lower 
average temperature of the useful area. 

I fail to see why having a larger crater is in itself a disadvan- 
tage. If you can only heat up the larger area to the same tem- 
perature you will get a larger beam, which I should think must be 
an advantage, and also as high a beam candle power as in the 
other case. 

There are one or two statements in the paper which I think 
require some explanation. “ The sides of this crater reflect 
the light radiation to the focus of this crater, and in addition 
the light from the negative is reflected, so it is believed nearly 
true black body radiation is obtained." The statement is made 
below that the incandescent gas in the crater shows bright lines, 
consequently its temperature must be higher than the tempera- 
ture of the carbon, and on the next page it is stated that the 
temperature of the incandescent gas within the positive crater 
is estimated to be between 5000 and 5500 deg. cent. It seems 
to me that there are some inconsistencies there. If there isa 
true black body, it cannot reflect and it cannot contain a gas ata 
higher temperature. If the temperature of the gasis only the 
temperature of the carbon surface, then the bright lines must be 
due to luminescence of the gas; in other words, the раз gives 
outlines corresponding to a higher temperature than the black 
body temperature. That does not necessarily mean that the 
gas itself has that higher temperature. I should like very much 
to know how the estimate of 5000 to 5500 deg. cent., as the tem- 
perature of the gas, is made. I should also like to know the basis 
of the estimate that the aggregate quantity of blue and violet 
rays in the Beck lamp is about 23 percent. The unit of measure 
there, or the terms on which that is expressed, would help to an 
understanding of the statement. 

Karl Georg Frank: I hope there is no need here for my 
standing up for the theory of 1onization, and while there may be 
different opinions about it, I want to point out the following fact. 
In speakingof the evaporation of carbon, onenaturally thinksthat, 
like all other bodies, the carbon first becomes liquid and then 
evaporates. Not only Lummer, but also Braun made tests 
and Lummer thinks even today he has been able to liquefy 
carbon at about 5000 or 6000 deg. cent., but he is not sure, and 
other people are not sure, either. Other experiments have been 
made to discover at what temperature carbon would evaporate; 
the experimenters used temperatures up to 3000 deg. cent., but 
they could not exactly determine what happened. 

One of the speakers pointed out that the carbon is consumed 
at a lower rate, but that is decidedly not evaporation, but 
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oxidation. In steel making it 1s known that oftentimes, at as 
low as 1000, 1200 or 1500 deg. cent., carbon 1s readily oxidized 
into the form of CO, and we have to deal with similar cases in 
the arc of the ordinary arc lamp. What I pointed out was that 
evaporation, that is to sav, throwing out of carbon particles, 
without oxidation, does probablv not take place at such a low 
temperature as 1800 deg. cent. without the formation of an arc. 
We have a similar, and yet in some ways, an entirely different 
phenomenon occurring in the incandescent lamp where we have 
a carbon filament; a deposit of carbon on the glassis noticed, due 
to the vacuum to some extent, and also very probably, ionization 
takes place. I believe in most similar cases where we have 
to deal with a consumption of carbon at a temperature of be- 
tween 1000 and 2000 deg. cent., it is not, strictly speaking, 
evaporation, but oxidation, a formation of gaseous solution. 
with a possible consumption of carbon itself. 
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Discussion ON “INDUSTRIAL CONTROL IN THE FOUNDRY ” 
(Mc Lain), PITTSBURGH, Pa., APRIL 15, 1915. (SEE Pro- 
CEEDINGS FOR APRIL, 1915.) 

(Subject to final revision for the Transactions.) 

Н. $. Newlin: In the following discussion it is not my т- 
tention to describe any one foundry, but to generalize my re- 
marks, portraying as nearly as possible what I consider the 
ideal foundry control from the standpoint of operation and 
maintenance. 

In the selection of electrical controllers for the foundry, two 
important factors should be considered: First, safety to the 
employee; second, maintenance, with its direct effect on produc- 
tion and cost. 

In no other line of the metal arts is the simplicity and safety 
of the equipment so important. The average foundry employee 
has but the remotest conception of the power which he controls. 
It is only when, through carelessness or the faulty operation of 
one of the old style starting rheostats, he is severely burned and 
the equipment damaged, resulting in foundry delays, that he 15 
brought to realize the dangerous features of the equipment 
which he operates. 

We are all conversant with the ordinary foundry conditions, 
the dust-laden atmosphere, which fouls the contacts and bearings, 
and the general carelessness. The controlling element must 
therefore be as foolproof as possible with the removal of the 
human element as far as possible. This is obtained by means of the 
magnetic switch, with the push-button station at the operator's 
elbow, but the switches at a safe distance, properly protected 
from the atmosphere, yet readily accessible for inspection and 
repair. This tvpe of control is possible on every stationary unit 
of equipment, whether alternating or direct current, continuous 
or intermittent service. 

The operator will readily familiarize himself with its simplicitv 
and its initial cost is soon saved by power conserved in idle 
periods. 

The lifting magnet has proved one of the most essential labor- 
saving devices about the foundry, vet the installation of a magnet 
means nothing if the proper controlling elements are not correctly 
designed and of liberal proportions to receive the kick from 
the induced voltage upon the release of the current. 

The cranes of the foundrv influence the production to a great 
extent;heavy cranes are suitable for certain foundries, whilein 
others the light speedy cranes are adaptable. "The type suitable 
should be carefully decided by the engineer, with the class of 
work and theoretical tonnage in view. One slow crane can limit 
а shop's production more than can be imagined. While the a-c. 
motor is an ideal one for crane operation, this type has not been 
accepted as standard equipment in the steel mills and until its 
adoption I do not think it will be introduced into the foundry. 

The practise of today is to utilize the jib crane with pneumatic 


1915] DISCUSSION AT PITTSBURGH 2985 


hoists for all the floor work, such as drawing patterns and 
handling flasks and molds to and from the molding machine, 
with the large speedy cranes to handle spotting of molds, pouring 
heats, taking out and transferring castings. 

Crane operators, as a rule, are anxious to serve your floors in 
the best possible manner, but unfortunately they at times over- 
tax their cranes by sudden reversals and plugging stops. 
There are two wavs to govern this: 

First, by the installation of complete magnetic control panels, 
using the master controller; second, using the manual controller 
in conjunction with current lockout for preventing heavy loads 
being thrown upon the motor. 

Either type is acceptable, although when installing new cranes, 
I believe that the additional expenditure for the magnetic con- 
troller is a capital investment and will return large dividends in 
decreased repair costs and longevity of motors and equipment. 

Limit switches with complete protective panels reset from the 
саре should be provided. However, the crane presents one of 
the most striking examples of abuse of any unit of equipment 
in the foundry and requires the most careful analysis for its 
economical operation. 

Dynamic braking is becoming general on all types of d-c. 
cranes and its purpose and dependability are familiar to all. 
I will state, however, that accurate lowering speeds, essential 
in closing large molds, have become possible only through this 
method of lowering. 

Automatic control of the power house equipment has also 
worked out advantayeously—the pumping of service water, the 
fire protection system, the varied speeds of stokers regulated by 
steam pressure, and the control of the motor-driven air compres- 
sors, are instances of practical applications of this method. 

In summing up the entire situation, I would advocate the 
installation in all instances of the magnetic control system; al- 
though the initial investment is higher, the lower cost of main- 
tenance and element of safety will readily cover the additional 
expenditure. 

T. E. Tynes: I thoroughly agree with the gentleman who 
has just preceded me in regard to equipping cranes with automatic 
control. We are doing it just as fast as we can, and our ex- 
perience shows that it is a wise thing to do, not only from the 
standpoint of safety but from the consideration of maintenance 
cost. With d-c. control you can get almost anything you want 
now in the way of dynamic braking, both creeping speeds or 
fast speeds, and absolute protection from plugging and severe 
strains due to careless operation. 

Max Hartenheim: Although the author has very completely 
dealt with the speed control, he has not considered the solution 
of the question, where the crane has to be run under widely 
varving loads at a very wide range of speed, if alternating current 
only 15 available. "The solution 1s the installation of a variable- 
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voltage control on the crane. It has been adopted in European 
practise. In America, as far as I remember, it is in use at the 
Panama Canal. For large cranes in foundries, ship-building 
yards, etc., where very exact speed regulation under difficult 
conditions must be obtained, the variable-voltage control gives 
the best means to that end. As the speed of the motor-generator 
set can be very high, the price of the electrical equipment will 
not be so much higher. The complicated connections and large 
rheostats for three-phase motors are done away with, while on 
the other hand a good and simple regenerative control for dy- 
namic breaking can be obtained. In some cases it will be useful 
to compare this solution with that proposed by the author, as 
the increased first costs might be well counterbalanced by the 
additional advantages, especially for the creeping speeds. 

Brent Wiley: There is one point I did not see mentioned in 
the paper, to which I think it would be well to give more attention, 
and that is the question of the control of the trolley motor. 
In foundry service some of the cranes are used for very rapid 
work; in fact, I do not know of any service where a crane gets 
harder work than it does when it is used for handling materials 
on the floor of a foundry. Asa rule, the trolley is geared high, 
and while it is operated by a small motor that has, perhaps, better 
inherent protective features than the larger types of motors, 
thereis nothing in servicein а foundry that is abused more than 
the trolley motor. We have reviewed tests which have been 
made on 220-volt motors of 7.5 h.p. capacity, normal amperes 
about 30, on service of this nature and found that the plugging 
load would often be as high as 120 to 130 amperes. This con- 
dition, undoubtedly, could be improved materially by the proper 
application of a magnetic controller and would not only increase 
the speed of a crane by adding to its working capacity, but would 
also give very material protection to the mechanical features as 
well as to the motor. 

This point 1s given more consideration in the larger apparatus, 
such as ore bridges, where it is, of course, a more important 
factor, and it has been found in a number of cases that the 
machine could really do more work when the gear reduction 
was increased, actually reducing the normal speed of the trolley. 
This shows that with the small reduction, the acceleration was 
being accomplished at too high a rate to be as effective as pos- 
sible. Ithink that present troubles could be reduced and more 
work accomplished if this point were remedied in many existing 
cranes where at the present time the motors are very severely 
overloaded and abused. 

James Farrington: In regard to manual control versus the 
magnetic control, I differ from one or two of the gentlemen who 
have spoken. I have found very good results with manually 
operated controllers, where the motors are small, especially if 
the crane is subjected to outdoor conditions, where you must 
protect your automatic controller. In the use of dynamic 
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braking, as you all know, there is one weak feature, namely, in 
the armature circuit opening up; and if the operator should fail 
either to throw the controller off or pull out the switch, the load 
wil drop. I have overcome that by using a series switch, 
that is, operated in series with the armature circuit, when 
current is above zero. If the armature circuit opens up, the 
series contactor is deenergized and falls open. This opens the 
series field circuit in which the solenoid is connected, allowing the 
electric brake to set. If the operator becomes excited and fails 
to throw off his controller, it will automatically stop the load. 
We had occasion to go into that because an operator became 
excited, and failed to throw off his controller, and we lost ап 
armature by his action. To eliminate the trolley wire trouble, 
we have used iron bars, that is common usage. We have 
eliminated the common returns, another factor of safety. А good 
many of the small crane manufacturers still continue to send out 
a crane with a common return; therefore, if you have trouble on 
one of the trolley wires, it is manifest on several of them. 

S. C. Coey: It is rather interesting to note how much of the 
apparatus used in the foundry 1s in general use throughout the 
plant. Mr. McLain made some mention of lifting magnets and 
of the troubles which develop in them. I might say in connec- 
tion with lifting magnets that with any of the modern magnets 
today we find we have less trouble than with any other type of 
electrical apparatus. The greatest amount of trouble is, as has 
been noted, in the controller, and the control of lifting magnets 
is a problem that is not very easy of solution. I know that 
some years ago I thought I could build a controller myself that 
would be considerably better than those in the market, and I 
built a large face plate controller and it lasted an hour and a half 
before burning up. 

In the matter of arc welding, I believe there is one point over- 
looked quite generally, and that is the effect of the ultra-violet 
and infra-red rays from the electric arc on the eyes of the operator. 
Only yesterday I had a representative of one of the small sheet 
mills come down to see me, regarding arc welding. Не was the 
man who actually did the work. I was questioning him about 
the type of glass they used in the hood, and he told me he had 
obtained a blue glass in town and was using that in the hood; 
but that he did get some headache even with the use of this glass. 
Now, this 1s rather a general experience, and one that cannot be 
dwelt on too strongly. In our own concern, we went through 
the same phases of development. We had a blue glass оп our arc 
welders, and the men who operated the welders alwavs com- 
plained of headaches, and would lay off every couple of weeks for a 
day orso. We knew that the effect of ultra-violet rays, at the tem- 
perature of the electric arc (6400 deg. fahr.), was greater 
than anything wehad around the steel plant, but we did not appre- 
ciate that the effect was so much greater that it would decrease the 
efficiency of our operator. It was not until our medical examiner 


2988 FOUNDRY CONTROLLERS [April 15 


was installed and he had kept a record of these various points, 
that we were brought to a realization of what it meant to elimin- 
ate the ultra-violet and the infra-red rays from the electric arc 
light. There are a number of glasses put out by the optical 
companies now that we believe will accomplish this purpose, 
but we are not absolutely sure. For that reason, this is one of 
the places where it is vitally important that the company should 
install a system of inspection and medical examination of the 
men to see just how that eve strain 1s affecting the operators on 
the arc welding machines. 

Another thing in electric arc work that has been done, and is 
still being done, I suppose, is the use of 220 volts for arc welding 
work. In plants having a 220-volt d-c. system, water or grid 
resistance is often used on the 220-volt circuit for arc welding. 
It is practically impossible to draw an arc, either a carbon arc or 
steel pencil and keep it up to 30 or 40 volts unless 65 to 70 volts 
is the operating voltage. With а 220-volt power line the opera- 
tor at times gets the arc greater, and increases the voltage across 
thearc. The effect of this is to burn the material, and in a num- 
ber of places where they have tried this typeof arc welding, the 
whole application has been condemned, simply because the 
welds made were being burned. I know of two plants where 
arc welding has been absolutely condemned, and on the final 
analysis that was the whole cause for the condemnation. 

I have been asked at what current values we were running arc 
machines. Onvery light work werun aslow as 75 amperes on the 
secondary circuit at about 65 volts. For ordinary welding work 
we are running at 150 amperes at 65 volts, and for some very 
heavy building-up work, we are running at about 400 amperes. 

In crane control for foundry service, the matter of alternating 
versus direct current has been brought up. In the bridge and 
trolley it is practically possible to get as good results with 
a-c. control as can be obtained with d-c. control; but in the 
hoist control I believe the factors which favor direct current 
make it advisable to use it, if possible. On divided power and 
dynamic braking control for hoist motors on cranes, d-c. hoisting 
gives a flexibility that it 1s impossible to obtain with alternating 
current. 

The greatest factor, in my estimation, from our experience 
along this line, is the mechanical brake. At the present time 
we have over one hundred cranes equipped with controllers 
that have the same fundamental electrical characteristic as that 
shown in Fig. 7 of this paper. Before that time most of these 
cranes were equipped with a mechanical brake, and we found on 
investigation that over half of our troubles in the cranes were 
directly traceable to the mechanical brake. We have replaced. 
the mechanical braking equipment with a divided power and 
dynamic braking hoist control, using two series brakes. In 
order to overcome the unsafe point of this control which has been 
pointed out by Mr. Farrington, we have alwavs installed, and 
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are installing double trolley circuits on the armature circuit of 
the hoisting motor. 

Mr. Farrington made the point that he had put a series relay 
in the armature circuit of the hoisting motor to break the circuit 
in case there is an opening of this circuit. I really cannot see 
how that will overcome all the possibilities for trouble there. 
Suppose we have a circuit such as is shown in Fig..7 of the paper. 
If a series relay is put in the armature circuit, after the current 
divides at the middle point, one circuit going through the series 
field, series brakes and resistance, and the other circuit through 
the armature and external resistance, at that point with over- 
hauling load, there will be just sufficient power to drive the load 
and the current in the armature will drop to zero. Then the 
current in the armature circuit will reverse and the motor will 
act as a generator. 

The point I bring up is that 1f the series relay is in the armature 
circuit when the point of zero current is reached, the relay drops 
out and throws the circuit breaker out. If it is in the field cir- 
cuit, then vou can have an open circuit in the armature circuit, 
and will still have the divided power circuit through the brake 
coils, through the series coils and through the resistance to the 
other side of the line; and the series relay 16 not a protection. 

Personally, I have come to the conclusion that the only 
protection against this tvpe of accident 1$ to install in all crane 
cages, notices that in case of the load starting to run away the 
controller must be brought to the off point, and it 1s right there 
where we have to educate our employees. We can protect 
the apparatus to a certain point, but after that point is reached, 
in order to secure safetv, we must have a man in the cage who 
will be able to do something to prevent an accident, if one should 
be impending. 

Now, in any type of crane control, if you have dynamic brak- 
ing, using a-c. control, with a motor-generator set to give you the 
direct current for dynamic braking, and the power goes off, you 
have the same condition. If you have a mechanically braked 
crane, and the shaft of the mechanical brake should break, then 
the operator has to go to the off position, or his load will run away 
and he will cause an accident. I do not see how we can get 
protection on dynamic braking hoist control by апу relay which 
will absolutely protect against an opening of the armature 
circuit. 

There is one other protective feature we are using at present 
and find very satisfactory, and that is on the over-travel in the 
hoisting crane. We use this on foundrv cranes and all other 
cranes in the plant. In the equipment that we are using—and 
the same type of equipment in its electrical characteristics is 
now being manufactured by two different companies—the limit 
switch disconnects the motor from the line, reverses the armature 
leads with respect to the field leads, and then brings armature 
and fields in a closed circuit with resistance. The necessity of 
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reversing the field leads with respect to the armature is simply 
due to the fact that unless they are reversed, the tendency at the 
armature to generate current will reverse the current in the 
field, and the residual magnetization in the field, instead of being 
built up, will be immediately killed, and no dynamic braking 
effect results. Hence it 1s necessary to reverse the leads, in order 
to build up the residual magnetization and get dynamic braking 
power. 

Francis J. Burd: Considerable thought has been given this 
problem of preventing the load dropping, in case the arma- 
ture circuit is opened. I agree with Mr. Coey that it is difficult 
to obtain this protection with the series switch. The best arrange- 
ment I have heard of is the use of a mechanical governor on the 
hoisting motor, and connecting the contacts of the governor in 
series with a shunt switch, to break the line circuit, cutting 
power off in that way to set the brake. 

In regard to crane control, especially as applied to a-c. motors, 
it would seem from Mr. McLain's paper, that a number of con- 
trol points are essential; therefore it would appear that a face 
‘plate type control is more adaptable for a-c. crane motors 
than the drum type, because more points are afforded on the 
face plate than the drum type. Of course, the face plate 
type has the objection of being open, with its live parts exposed 
to the operator and dust which is always present in foundries. 

With reference (о Mr. Coey's remarks on safe limits for cranes, 
he mentioned two types, with one of which I am very familiar. 
This type operates in the manner described by Mr. Coey; that is, 
when the limit stop is tripped by the crane hook, the line power is 
disconnected and the armature circuit reversed and connected 
across the series field in series with a resistance. With the stop 
in this position, it is still possible to lower the hook at a low speed 
by turning the controllerinthe down direction. It would seem 
that safety limits on cranes should be arranged to give absolute 
protection, in view of the possibility of dropping the hook and 
load оп workrnen. I believe it is today carried out along the lines 
suggested by Mr. Rushmore, in that we do try to educate the 
operator toward safety as far as possible in addition to providing 
safety features in the crane control system. I would offer the 
suggestion that the crane limit stops be arranged in such a 
manner that after they are tripped the operator would be put 
to some inconvenience to reset them, or arranged in such a 
manner that the crane could not be operated again until a com- 
petent person from the electrical department could reset them. 
This would have the effect of keeping the crane men alive to the 
job, in that they would be put either to inconvenience or they 
would be open to censure, if they did not handle the apparatus 
properly. 

C. W. Bartlett: We have developed an electric resistance 
furnace, and in the bulk of the work the object has been three- 
fold: To obtain a device which will give us absolute control of 
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the temperature in the working chambers; second, a heating 
chamber which will give us а reducing atmosphere, so as to 
eliminate the losses of oxidation and scaling; and third, to make 
the furnace as efficient as possible. A principle of the design 
is to construct the furnace in general appearance so that it 
closely resembles the ordinary oil-fired furnace, and line it with 
a substance which has a negative temperature coefficient, so 
that when we apply current to the furnace at first it is at a higher 
voltage than we use when operating at the normal temperature. 
Of course, as the temperature rises, more current flows, and if 
we left the voltage constant the temperature would attain a 
value which would cause the lining of the furnace to burn out. 
We provide with the furnace a transformer having sets of taps 
on the secondary side of the winding (for example, 100-50 volts. 
90-45 volts, 60-30 volts) and a panel upon which there are mounted 
two contactors and current limit relays. It is obvious that when 
the current builds up to a predetermined value, which corresponds 
to a certain temperature in the heating chamber, the overload 
current relay drops one contactor and throws over a high-voltage. 
tap to a low-voltage tap across the furnace. The temperature 
tends to lower slightly. The moment it is lowered to the point 
where the temperature in the furnace is decreased a very few 
degrees, the unloaded current relay operates, and throws the 
higher voltage back across the furnace. So the operation is 
continually throwing from a volt to a volt and a half across the 
terminal of the furnace, the furnace itself acting as a huge 
thermostat. The object of having several sets of taps is to 
permit adjustment for voltage constant at 1000 deg. cent., or 
800 deg. cent., or in fact any temperature value from about 600 
or 700 deg. cent., down to 500 deg. cent. 

The life of the furnace is much greater than the corresponding 
oil furnace, because you do away entirely with the blast of the 
oil flame or gas flame, the heat being a slow, penetrating, radiat- 
ing heat. 

Another result is accomplished by this method of heating. 
We put a billet in the oil furnace, which we want to raise to 1200 
deg. cent., and this tremendous blast of heat 15 applied to the 
outside of the metal. Now, the temperature of that flame or 
the heating element, may be considerably higher than the 
temperature to which you wish to raise the material. Therefore, 
the outside of the material may come to the temperature at 
which you want to work it, but the interior of the material is not 
so hot and therefore in forging, if you are using it for that work, 
the metal will not flow uniformly. With the electric heat, you 
do not get in your furnace a temperature above the point at 
which you wish to heat your material; and therefore you can let 
the billet stay in the furnace indefinitely. The interior of it 
becomes just as hot as the outside; in other words, the outside 
does not become overheated, does not burn. This gives a 
billet heated uniformly, so when it is put under the hammer 
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it flows the way the workman wants it to flow. The furnace is 
especially well adapted for annealing work and for tempering 
work, and we are experimenting now with a furnace for brass 
melting work. 

D. B. Rushmore: The chief point involved in this subject of 
control, which has been mentioned a number of times, is how far 
vou can rely on human nature and how far vou can prevent a 
man from doing the work. As Mr. Herbert Spencer says, 
“ Always assume things are going wrong," and work from that 
point of view. 

I was talking with a hoisting man employed by a large mining 
company, and he told me that some time ago when he was hoist- 
ing, his impression at one time was that the skid was down at 
the bottom of the shaft. He looked at his index and saw it was 
at the top. He dropped the handles at once, because he knew 
he had reached the point of mental exhaustion, and knew it was 
dangerous for him to goon. That is one of the many points to 
decide—how much to leave to the operator, and how much to 
automatic features. 

J. S. O’Donovan: I will ask a question regarding the use of 
the electric resistance furnace for tempering. I have had some 
experience along the lines of tempering, and as this subject has 
been touched on, I ask if there is апу one who knows of a way to 
temper high-speed steel successfully in an electric furnace. You 
might sav—'' Why, ves, we can," but in the pipe business a 
peculiar condition exists. We make dies, and retemper them 
frequently. After vou have tempered the dies perhaps three or 
four times, vou find the steel has lost most of its original hardness. 
For instance, we will start out with a temperature of probably 
2600 deg. fahr. Later on, after tempering probablv six or seven 
times with the same steel, vou find that vou have to run the 
temperature so high that vou will blister and spoil the steel to 
get the proper temperature for hardening. I ask the question: 
Is 1t possible in electrical furnaces to overcome that chemical 
action, which must take place in the high-speed steel, to overcome 
that tendency of denaturizing the steel to the extent of not being 
able to get sufficient temper at ordinary temperatures 2 

C. W. Bartlett: I think that 15 more a question of chemistry 
than it is of electricity. I can only say this— I believe there have 
been some forms of electric furnaces of the bath tvpe for tem- 
pering high-speed steel. It has been claimed at times that the 
bath had a chemical reaction upon the steel and absorbed certain 
parts which are in its composition. I am not prepared to sav 
that 15 so or is not so. I will only add that in the electric furnace 
work, we are now making an equipment which we will use 
expressly for experimenting in tempering high-speed steel. А 
few months later we will be prepared to sav more about this 
matter than we are at the present time. 

James Farrington: I would like to take issue on the point 
Mr. Coey brought up about the series contactor on the dynamic 
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brake. If you use an auxiliary holdiny-in coil, that switch 
will stay closed to zero current; but 1n many cases the current 
will not fall below 10 amperes. Should the desired lowering 
speed produce zero current 1п the armature circuit, then you may 
decrease the speed just a little, not enough to be noticeable, but 
enough to eliminate that critical zero current. I think you will 
find it will work. 

Palmer Collins (bv letter): Мг. R. H. McLain gives a descrip- 
tion of the controller for small motors which provides for safety 
most thorouvhlv; however, I should think that it would be a much 
better controller if it were not made to be inoperative when the 
cover is open. If this cover were locked and opened only by 
authorized persons, it would be possible to observe its operation. 
As it is designed at present, 1n case of trouble, it seems to me from 
the description that it would be impossible to operate it and see 
what was going on inside. 

C. D. Gilpin (bv letter): I have been much interested in Mr. 
McLain's analvsis of the operation of a-c. cranes at low speeds, 
and I have worked out a tvpical case based on step 64, Fig. 6. 

Assuming a load of 10,000 1b., a speed of 40 ft. per min. and 
an efficiency of 80 per cent., the normal load on the motor would 
be 15 h.p. The equivalent weight at 1 ft. radius of the rotor 
might possibly vary any where from 25 lb. to 65 1b., depending 
upon the design of the motor and the factor of safety which 
might be allowed as to size. Assuming this value at 50 1b. 
and the full load speed at 690 rev. per min., the equivalent rotor 
weight at rope speed = 50 X 0.8 X (2 690)? + 40? = 470,000 lb. 

Assuming the equivalent weight of gearing is 10,000 1b., the 
total equivalent weight at rope speed = 470,000 + 10,000 + 
10,000 = 490,000 1b. 

Fifteen h.p. is equivalent to 10,000 lb. pull at the rope; 
therefore, if T = motor torque in per cent of torque at 15 h.p., 
and F = force at rope, then F = 10,000 + 100 x T = 100 T. (1) 
Also, acceleration = А = Fy g+W = К 32.2 490,000 = 
F+ 15,200. (2) 

If starting torque = 125 per cent of torque at 15 h.p., the 
average acceleration torque = 7% = (125 ~ 100)+2 = 12.5 per 
cent. Ға = 100Х 12.5 = 1250. 

Average acceleration = 1250 + 15,200 = 0.082. [See (2) ]. 

The normal speed for this controller point = 0.20 X 40+60 

= 0.13 ft. per sec. The time to accelerate to 0.13 ft. per sec. 
= 0.13 + 0.082 = 1.6 seconds. 

If it is desired to notch the controller back by the time the 
speed reaches 10 per cent of normal, the average acceleration 
torque will be 


(25 + 210 x 25) a 18.8 per cent of full load torque. 


2 


Ға = 1880 A = 1880 + 15,200 = 0.124, 
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Since the speed = 0.10 Х 40 + 60 = 0.067 ft. per sec., the 
time to accelerate will be 


0.067 - 0.124 = 0.54 seconds. 


Even with a rotor having half the weight of that assumed in 
this case, it would appear that Mr. McLain’s figures are on the 
safe side. His figures are based on the excess of the friction of 
rest over that of motion, and ignore inertia, whereas I have ig- 
nored the friction of rest and worked from inertia only. The 
true condition, of course, lies somewhere between these two 
assumptions. 

The writer would be interested to know if Mr. McLain has 
made any experiments hoisting at low speeds with one leg of the 
rotor circuit open. 

R. H. McLain: In regard to Mr. Newlin’s remarks and the 
remarks made by several other gentlemen, I will say it is not the 
purpose of this paper to establish the fact that alternating cur- 
rent should not be used at all, or should be used altogether. I 
think it 1s a well recognized fact that direct current can do all 
of this work, but the point is, it is advisable to know for economic 
reasons just how far you can go with alternating current. I 
always made the assumption that we had a good mechanical 
load brake. I have not gone quite far enough with that. I 
should say that the severity of the service often determines 
whether any mechanical load brake which has been so far made 
can actually do the work. When you come to most severe ser- 
vice on lowering, there is no question but dynamic braking 
is the only thing which will stand up. 

As to whether alternating current actually has been used or 
not, I know of numerous installations where it has been used 
with success, but none of these on really severe work, so much so 
as to wear out the mechanical load brake too rapidly. 

Mr. Newlin also brought up the question of magnetic control. 
I heartily agree with all that has been said— magnetic control is 
the thing to be used in all cases, and the only thing that limits 
the use of it 1$ the expense; but we should use it as far as we can 
afford to pay for it. Of course, there are certain small foundries 
handling small material where it is hardly worth while to put in 
a magnetic control—the magnetic control would be larger than 
the crane, but the Pittsburgh steel mill district has none of 
those cranes. 

Іп regard to the variable-voltage control for this class of work, 
it certainly gives ideal results, and 1n general the only reason 
it is not used at present is that it costs more than any other form 
of control, both for first cost, and also for power consumption. 
The motor-generator set would be running light all the time. 
Even the busiest cranes in steel mills are surprising as. to the 
very small amount of power they consume. "The small motor- 
generator set going continuously will consume more power. 
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I was very glad to hear Mr. Farrington come forward with a 
suggestion as to overspeed protection. Personally, I think that 
a good many forms of relavs can be used to give this protection, 
but I am rather inclined to agree with Mr. Burd that the only 
absolute protection would be some mechanical device. А device 
does not have (о be absolute, to be practicable, because something - 
else might break; but to get absolute protection I think some me- 
chanical device would be better than any other form. It would, 
of course, involve complications 1n the wiring. 

In regard to the number of points Mr. Burd spoke of, on the 
controller. That particular controller was of the drum type. 
Of course, the same number of points could be given on any 
other type. There were several other questions raised about 
certain points which I will answer at the same time. 

In regard to the failure of the controller causing the load to 
drop, one gentleman mentioned the advisability of having the 
operator always turn his controller to the off position 
in case anything happened. There are a good many con- 
trollers—two trolley controllers, one bridge, and two hoist- 
ing motor controllers—and for an operator to know just 
which handle to turn to the off position as something is 
happening, might tax his thinking powers at that particular 
moment. I think a better thing to do is to have an emergency 
control circuit panel convenient to the operator, installed 
right along with the master controller. The instructions should 
be that in case anything happens the operator is to strike the 
handle of this panel and disconnect the main line circuit. A 
suitable emergency panel consists of a double-throw switch on 
the back of a slate board, with an insulated knob running through 
the board. It is smooth, easy to see and hit, and by its use there 
is no danger of a shock. When it opens, the entire crane is 
disconnected from the line. That is easier than to turn a con- 
troller to the off position, and has the advantage that there 
is only one knob to think of in case of danger. 

Regarding Mr. Palmer Collins's criticism of the controller 
shown in Figs. 3, 4 and 5, I would say that this is a case where 
"you cannot have your cake and eat it too". This controller 
cannot be operated when the cover is open unless the person 
dealing with the controller knows enough about such a device 
to short-circuit such of the essential parts of the controller as 
will render it operative. By so doing it can be operated with 
the cover open. . However, it is not necessary to open the cover 
in order to make adjustments of the controller, and it is pre- 
ferable in making repairs to take it to the shop, where it will be 
easier to disassemble it and correct any faults. It is fair to make 
the assumption that anyone who knows enough about the con- 
troller to make it operate when the cover is open, will know 
enough to protect himself while making adjustments or repairs 
n the controller, and to this extent it is not only fool-proof, but 
safe. 
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Regarding Mr. Gilpin's discussion, the speed-time curves in 
the body of my paper were calculated just as Mr. Gilpin's cal- 
culations were made. However. instead of assuming specific 
W К squares for the parts as he did, I assumed that the equivalent 
weights of all of the moving parts of the hoist, motor, etc., were 
of such value as to require 100 per cent full-load motor torque 
during one second 1п order to accelerate the total mass to full 
speed. I am glad that Mr. Gilpin added. this discussion 
because, while I had this in mind while writing my paper, I did 
not bring out the calculations in detail. 

Referring to Mr. Gilpin's question as to the slow speed control 
of an induction motor when operating with one of its rotor wind- 
ings open-circuited, I would say that speed-torque curves, 
practically similar to points one, two, three and four in Fig..6, 
can be obtained by single-phase operation. The total ohms 
which have to be inserted in the rotor circuit in order to obtain 
a desired starting torque are something like one-third of the 
total ohms that would have to be used to get the same reduced 
starting torque under three-phase operation. If speed-torque 
curves which give initial starting torque as high as five, six, 
seven, etc., are attempted by single-phase operation, these curves 
become distinctly distorted and have a tendency to lock the 
motor at 50 per cent of synchronous speed. The single-phase 
rotor is very satisfactory for obtaining reduced torque at starting 
for values of torque less than about 50 per cent of the rated 
torque of the motor. This method of control, however, 1s 
liable to give rotor insulation trouble on large motors if they 
are not especially designed for the condition. 
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DISCUSSION ON '' THE ELECTRIC STRENGTH OF AIR— VI” (WHITE- 
HEAD), DEER Park, Mp., JUNE 29, 1915. (SEE PRO- 
CEEDINGS FOR May, 1915.) | 

(Subject to final revision for the Transactions.) 

Percy H. Thomas: May I ask a question. Suppose we cool 
а gas down to a very low temperature—presumably there are 
then no free electrons in the unelectrified air. If so, what is 
the net result? 

John B. Whitehead: So far as I know, the cooling of a gas 
does not result in the absolute disappearance of the free electrons 
present. The conductivity represented by the electrons which 
are present in ordinary atmospheric conditions is so extremely 
small that it is very hard to measure. We can understand that, 
by remembering that air is one of the best insulators that we 
have, but there is nothing in the theory as to the existence of 
these electrons—-it is really more than a theory, because the 
existence of independent electrons has been shown photographi- 
callv—to indicate that they would disappear. Of course, оп 
cooling a gas the velocity of the molecules in their vibration, 
and their energy, will be decreased ; thus the likelihood of the libera- 
tion of electrons will be less and consequently the number of 
electrons should be less and less. Whether they would ever 
disappear, I cannot sav. 

Percy H. Thomas: I had in mind very low temperatures, 
10 or 20 deg. above absolute zero. Presumably, if there are 
only quiescent molecules, the tendency to collision would 
be reduced enormously for these low temperatures. There 
would then be no exciting electron to be considered. 

John B. Whitehead: Suppose vou carry the gas down to 
actual liquidation, vou still have a liquid, and I believe I ат 
right in saving that in liquid there is alwavs some dissociation, and 
dissociation simply means the presence of charged ions. If we 
consider the solids, and take the extreme case of the conductors, 
there is alwavs present a large number of free electrons. 

Percy H. Thomas: I speak of air, eliminating the question of 
liquids and solids. It would seem in the air, which does not 
liquefy until it gets almost down to zero, there is a case in which 
vou would not have that dissociation of solid and liquids. 

john B. Whitehead: I do not see why if we have electrons 
free in gases at ordinarv temperatures, they should entirely 
disappear at lower temperatures. 

Е. W. Peek, ]г.: Dr. Whitehead has done well to bring a 
review of the several electron theories before engineers. "The 
first time that such a review was made for the Institute was in 
January 1911 by Prof. Ryan. 

There are a few facts I should like to point out concerning my 
own work. Mv investigation of corona was begun in the early part 
of 1910. The laws of corona were deduced from data during the 
same vear. Mention was first made of this work in an A. I. E. E. 
discussion in New York, Januarv, 1911; the complete work done 
in this period was not published until June, 1911. 
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The visual corona law which has stood the test of a number of 
investigations, has, from the start, been more than an empirical 
one. I wish to emphasize this point. I will compare my 
development with the recent Townsend development given in 
the paper.* The reasoning given in the development of this 
law in my June 1911 paperf is as follows: the gradient or stress 
to rupture air in bulk in a uniform field should be constant for a 
given air density or molecular spacing. This value is termed 
go, and is 30 kv. percm. Energy is necessary to rupture insula- 
tion. In a non-uniform field, as that around a wire, the break- 
down strength of air is first reached at the conductor surface; at 
an infinitely small distance from the conductor surface the stress 
is still below the rupturing gradient. Hence, in order to supply 
the necessary finite rupturing energy the gradient at the conduc- 
tor surface must be increased to some higher value, g., so that at 
a finite distance away the gradient go is 30 kv. per ст. This 
means that a finite thickness of 
the insulation must be under a 
stress of at least 30 kv. per cm. 
The rupturing energy is in the 
zone between g, and go. Since 
the field is radial the thickness 
of this zone must be a function 
of the conductor radius. 

A study of the data showed 
that when breakdown occurred | | 
the stress was always 30 kv. per : @. 


cm. at 0.301 Vr cm. from the 

wire surface for all sizes of wire; Fic. 1 

the gradient, g,, at the surface | 

was higher for small wires than large ones (r is the wire radius in 

cm.) This is shown graphically in Fig. 1 for a large and small 

wire. 
The law may now be directly written from the above 


Яу 


-- --..-ө.--е----ееее -е---е--еее«ш-- 


и, = 30 (1 + 221) 
For parallel planes or for air in bulk 
Қ = о 
Ev = 20 


Thus the strength of air is constant and equal to 30 kv. per cm., 
but in non-uniform fields it is apparently stronger for reasons 
explained above. If the air is made less dense, that 15 the mole- 
cular spacing 1$ changed, the strength of air in a uniform field 
should decrease directly with the air density, 6. 


g'o = 0 £o. 


*PROCEEDINGS А. I. E. E., May, 1915, p. 863. 
TTRANS. А. I. E. E., 1911, Vol. XXX, Part III, p. 1857. 
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However, for non-uniform fields, the energy distance should also 
change, thus, 


0.301 Vr $ ô 
This relation was predicted before tests were made. It was 


found from tests made in 1911 and published in June 1912, that 
the energy distance becomes 


0.301 xi 


and the complete law 


0.301 ) 


© = TIU 
& g T VET 


Thus far the form of this rupturing energy has not been con- 
sidered as it was unnecessary in order to develop a rational work- 
ing equation. The electron theorv is a useful instrument in all 
of this work. The following application of the electron theory 
was brought out in my 1912 paper.* 

When low potential is applied between two conductors any 
free ions are set in motion. Аз the potential and, therefore, the 
field intensity or gradient is increased the velocity of the ions 
increases. At the gradient of ро = 30 kv. per cm. (ô = 1) the 
velocity of the ions becomes sufficiently great over the mean free 
path to form other ions by collision. This gradient is constant 
and is called the dielectric strength of air. When ionic satura- 
tion is reached at any point the air becomes conducting and glows, 
or there 1s corona or spark. 

Applying this to parallel wires: when a gradient, дь, is Е 
at the wire surface any free ions are accelerated and produce 
other ions by collision with molecules which are in turn ac- 
celerated. The ionic density is thus gradually increased by 


successive collisions until at 0.301 Vr cm. from the wire surface 
where go = 30 ionic saturation is reached or corona starts. 
Air must thus be stressed over a minimum finite distance at a gra- 
dient of 30 kv. per cm. or above тп order to bring any portion of 
it up to tonic saturation by successive collisions. The distance 


0.301 V/r cm. is, of course, many times greater than the mean free 
path of the ions and many collisions must take place in this 
distance. "Thus, for the wire corona cannot form when the grad- 
ient of go is reached at the surface, as at any distance from the 
surface the gradient is less than go and a sufficient number of 
ions cannot be supplied to bring any finite thickness of the air 
up to ionic saturation. 


*F. W. Peek, Jr., Law of Corona II, III Jan. 1912, 1913. 
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The gradient at the surface must, therefore, be increased to gp, 
so that the gradient at finite distance away from the surface 


(0.301 Vr cm.) is gy. That is to say, energy is necessarv to start 
corona. g-, the strength of air, should varv with 6; g,, however, 
cannot vary directly with 6 because the greater mean path of the 
ions at low air densities the greater energy distance is necessary. 
6, thus enters in the expression for the energy distance 0.301 


m. | ; 
и ғ There сап be по doubt that согопа 1$ spark from соп- 
ductor to space.* 
The corona sparking distance c—a as discussed by Dr. White- 
head is 


9 


Since X, = 30 + VE 
a 


с-а = 03 Va 


as а is the radius. 


0.3 Va is “ту energy distance," or the finite thickness of air 
that must be broken down in the process of rupture, 


0.3 Vr cm., 


As clearly brought out in my first paper. 
This is also true for the further development of the formulas 


when 
с— а = озА/ 5 


which is also my energy distance or breakdown distance. 
Prof. Ryan in his 1911 paper also referred to a ‘‘striking dis- 
tance." 

This particular theory, discussed by Dr. Whitehead, assumes 
that the average gradient in a radial field produces the same 
effect as the gradient in a uniform field over the same distance; 
that corona 1$ spark across distance c — a. Оп these assump- 
tions 1t 1s shown that the corona law corresponds to an empirical 
spark-over law. 


*F. W. Peck, Jr., " Dielectric Phenomena in High Voltage Engineering, 
Chap. IV." 
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I would like to call attention to the fact that for a wire in a 


«€ <3, corona and sparkover are 


cylinder, and ratio 


simultaneous though the distance from cylinder to cylinder may 
be much greater than с — a. | | | | 
Referring to loss measurements on polished wire which 


Transformer 


0.3Уг 
Fic. 2 Pic: < 


Load 
3 


Dr. Whitehead suggests: such measurements have been made.* 
These measurements check the loss law. 

I might state here that early in 1912 I rectified appreciable 
power at 200 kv. by corona. That it was possible to do this 
was brought out by a stroboscopic study that I made which showed 
that the positive corona extended out a considerable distance 
from a point, whereas the negative corona did not do so. By 


Volts 


АҒАҒА. 


Fic. 5 


placing an electrode between two points, and connecting this elec- 
trode through the load to the neutral of the transformer, the mid 
electrode was always positive by contact with the corona stream 
first from one needle and then the other from half cycle to half 
cycle.t The diagram of connections, stroboscopic photograph, 
and oscillogram of rectified current are shown in Figs. 3, 4 and 5. 


*F. W. Peek, Jr, “ Dielectric Phenomena in High-Voltage Engi- 
neering.” 

TDr. Steinmetz suggested the application of this principle to rectifi- 
cation. 
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During the past two years I have investigated the corona 
due to transient voltages of extremely short duration. Visual 
corona may be produced by transient voltages whose duration 
is measured in micro-seconds. I hope, shortly, to publish these 
data. 

E. E. F. Creighton: The subject as presented and discussed 
so far may seem to be very largely of a theoretical character, but 
in our lightning arrester work we find it of very considerable 
practical value. It is annoying to place a voltage on a lightning 
arrester, and have to wait for one of these little ions to come in 
the gap. That is what we have to do. They are apparently 
floating around wide apart, and if the impressed potential on the 
arrester is what is called the spark potential, it may be necessary 
to wait two or three seconds until a little ion comes in the proper 
position in the gap to start the discharge. I wonder if Dr. 
Whitehead could explain, from the work done and the theory 
given, the normal ionization of the atmosphere. Why do we 
always have about so many ions, never going much below a 
certain value? One would think that the electrons would com- 
bine in such a way that in some cases they would disappear 
entirely. It does not seem as though the collisions of the mole- 
cules would have enough energy normally to detach one of these 
electrons. 

Harris J. Ryan: Dr. Whitehead’s paper sets forth the elec- 
tron theory and the theory of corona formation clearly in terms 
possessed by the electrical engineer. The atomic theory and the 
kinetic theory of gases have long been indispensable in the 
thermodynamics of working fluids. It now appears that the 
electron theory and the theory of ionization by collision will be 
equally indispensable in the electrodynamics of the electric 
fluid. The theory of ionization by collision is not a failure 
because it can account for little beyond corona formation. It is 
an infant theory, as yet, though growing rapidly. Even the 
mature kinetic theory of gases continues to grow. Many actions 
are inaugurated by corona formations. Some of them are 
mechanical, thermal, chemical, magnetic and those of the ultra 
violet light. It is too much, therefore, to expect a theory of 
ionization by collision to account for the aggregate results of 
the complicated array of actions and inter actions that succeed 
corona formation. 

In concluding his paper, Dr. Whitehead suggests the need of 
corona formation experiments on clean smooth wires and a 
study of the results in the light of the theory of ionization by 
collision. Thus the electrical properties of air at atmospheric 
pressure, so far as they are of importance to engineers, will 
be fairly well understood. In the limited sense intended, this 
is true. It is manifestly not intended to suggest that the end of 
corona studies as required for engineering is in sight. The power 
losses and injuries to insulators that may be caused by coronas, 
once they are formed, are highly dependent upon the time 
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characteristics of the voltages with which they are produced. 
Besides, such effects are dependent in part upon the electric 
properties of the air, also upon its other physical and chemical 
properties, and for the rest upon factors that attend the particular 
circumstances. 

Studies of effects following corona formation in relation to the 
time characteristics of the actuating voltage are now becoming 
important. The limited energy spark potential studies of 
Steinmetz and Hayden, the super-spark potential studies of 
Imlay and Thomas, and more recently of Creighton, and the 
line corona loss studies of Mershon, Peek and others have dis- 
covered and emphasized the importance of this field of investiga- 
tion. Recent experiments have demonstrated that the high 
frequency sine wave voltages sustained at 90,000 will discharge 
15 in. from a blunt point to a grounded plate at one-third of the 
value of the 60-cycle voltage required to produce the same dis- 
charge. Foran increase of one inch in the 15 in. gap the required 
increase in the 60-cycle discharge voltage was five times as much 
as the corresponding increase 1n the sustained 90,000-cycle volt- 
age. Тре sustained high frequency coronas have many of the 
properties of the corresponding 60-cycle coronas, greatly exag- 
gerated. They may speedily damage the most refractory insula- 
tions, even when present to a comparatively small extent. It 
seems likely that many forms of high voltage transients may 
produce much the same phenomena, though with lessened 
intensity. | 

Every available form of voltage should, therefore, be used for 
experiment in this field. Such forms should include continuous 
voltages, sustained alternating voltages at helpful frequency 
intervals from low to high, single sudden impulses, single impuls- 
ing damped oscillations, intermittent wave trains of damped 
oscillations, and combinations of these with and without energy 
supply. Much attention has already been given to corona 
formation and effect under conditions that correspond more or 
less to those of standard operation. Air and other insulators 
must not fail unnecessarily under conditions brought about by 
accident or special practise. In many circumstances, accidents 
will produce almost every possible voltage-time variation, briefly 
sustained or as a transient. It would seem, therefore, that 
studies of the above sort, along with those suggested by the 
author, made with the guidance of the electron theory of ion 
formation and action, will lead to many useful results and the 
further growth of such theorv. 

Percy H. Thomas: May I ask Prof. Ryanaquestion? Assuming 
we have air stressed at 90,000 cycles continuous voltage below 
the corona point in a fairly uniform field, is there any noticeable 
rise in temperature in the air in a few seconds? 

Harris J. Ryan: Not at all in the experiments we have per- 
formed. We have not undertaken any delicate means of detect- 
ing hysteresis in the air; that is, any heating due to the movement 
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of the thousands of electrons present per cu. cm. They are 
being moved back and forth, and there must be some heat pro- 
duced by them, but it 1s so small that in working around a good 
sized electrode, carrying high voltages, at high frequency, such 
heating was very slight. We have not been able to detect 
heating through the senses in the ordinary fashion and it would 
doubtless require very delicate means of determination. 

Percy H. Thomas: That does not explain, then, the higher 
discharging power of the higher frequency voltage? 

Harris J. Ryan: No. 

Percy Н. Thomas: Have you апу explanation for it? It 15. 
most startling in the experiments you have made. 

Harris J. Ryan: I took cyclograms of the energy that is 
consumed іп the flames of high frequency coronas, and the form 
of the cyclogram indicates that the ionization 1s continued from 
crest to crest of the voltage waves and that it does not go out 
in the manner that Dr. Whitehead has so beautifully shown when 
you use 60 cycles per second. Не has shown that 1t goes out 
within 0.0001 of a second. When one is using 90,000 to 250,000 
cycles per second, the crests of the waves return in less time than 
that required to extinguish the corona. The cyclograms deter- 
mined that the high frequency corona was acting very much as a 
non-changing resistance. 

Percy H. Thomas: The fact that the loss in the corona varies 
as the frequency, sugyests the loss of energy and heat as one of 
the explanations. 

Harris J. Ryan: At these high frequencies, the power factor 
of the charging current issuing from a conductor in corona was 
found to be about one quarter of the corresponding power factor 
found at 60 cycles. The heating does not, therefore, continue 
to increase as rapidly as the frequency though doubtless at 
90,000 cycles the heating іп the corona may be 400 times as great 
as at 60 cvcles. 

L. W. Chubb: The empirical formulas in the paper use the 
constants 30 and 32 for the ultimate strength of air. I would 
like to ask Dr. Whitehead if the breakdown for small distances 
between parallel plates is not larger than this. 

J. B. Whitehead: Yes. 

L. W. Chubb: When the distance between electrodes is too 
short for the ions to attain sufficient kinetic energy to produce 
new ions by collision we assume that the potential gradient can 
be raised to a value which will ionize the air by disruption of the 
molecule. This constant which is apparently around 50 kv. 
per cm. would seem to have a place in the formulas for sparking 
and corona formation. 

I believe that the range of application of empirical formulas 
should be stated by giving some kind of maximum and minimum 
limits for the variables involved. Such formulas derived from 
experimental results through a certain range are often misused 
because they do not show the facts in extreme cases. 
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John B. Whitehead: Only one or two of the points raised 
require answer. Before answering them I wish to say that per- 
haps the greatest value of the theory of ionization 1s that 1t allows 
us to base our explanation of all of these phenomena on the 
simple laws of mechanics. The only mysterious thing which we 
invoke is the presence of an electric charge and the presence of 
electric force, and if we accept these, and we must accept them, 
as thev are observed facts, we can explain all gaseous conduc- 
tivity in terms of the simple laws of kinetics and mechanics. 
That is the ultimate aim of all phvsics today, not only in the 
domain of electricity and magnetism, but in all other fields. 

I think Mr. Peek and Prof. Rvan have both mentioned the 
importance of the time element in phenomena of this character, 
and there are alreadv ample indications that in carrying the 
formation of corona down to an exceedingly small interval of 
time we have new factors appearing, Prof. Ryan has already 
published some of his results, and I hope there are others to come. 
I am glad to know that a further paper from Mr. Peek will 
appear shortly. | 

Mr. Creighton has asked the variation of the normal ionization 
of the atmosphere. The range of variation over the whole sur- 
face of the earth 1$ about as 1 to 4, that 1$ to say, the number of 
free ions as indicated Бу measurements on the conductivity, varies 
within about these limits. Now, the collision of molecules is not 
the only source of freeionization. Ultra violet light, radio-active 
substances, X-rays, etc., or electromagnetic impulses of any 
character, may increase the ionization, and in consequence the 
conductivity of air. I do not think that physicists are ready to 
give a complete explanation of the free ionization of the atmos- 
phere. Certain it is that part of it is due to collisions between 
molecules, but it is also recognized that the earth contains radio- 
active substances, which give off emanations and radiations. 
These vary in different locations, thus causing a variation in the 
normal state of ionization. 

Mr. Chubb’s question was as to whether in exceedingly small 
air gaps the strength of air is any greater than 30,000 to 32,000 
volts per ст. It 15, but only so in the case of air gaps which are 
so short that they are shorter than the mean free path of the 
molecules of the gas. These distances are so small that the 
experiments can be carried out only with great difficulty. Such 
phenomena are entirely outside of the relations we are consider- 
ing in the present paper. 
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DiscussioN ON “ FIELDS or MOTOR APPLICATION ” (RUSHMORE), 
AND * ELECTRICITY IN GRAIN ELEvATORS" (STAFFORD), 
“Deer Park, Mb., June 29, 1915. (SEE PROCEEDINGS, 
FOR JUNE, 1915.) 

(Subject to final revision for the Transactions.) 


THE ELECTRIC ELEVATOR 


H.D. James: We often hear engineers speak of the difference 
in efficiency between electric elevators of the same size, and many 
of them seem at a loss to understand why this difference exists. 
It will perhaps be made a little clearer to many of them if we 
analyze the various sources of loss which occur between the motor 
and the load, and point out some of the factors which cause a 
variation in these losses. | 

The useful work done by the motor is the net load lifted ог 
lowered in the car. In order to equalize the work done by the 
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motor, it is customary to use a counter-balance which is equal 
to the weight of the car and the average load combined. Some- 
times this counterweight is split in two parts, one part known as 
the car weight, is attached directly to the car, and is less than the 
weight of the car. The other weight known as the drum weight 
is attached to the drum and is equivalent to the unbalanced car 
weight and the average load. The drum weight is wound up 
on the drum as the car rope is unwound, and vica versa. For 
smaller installations, the car weight is omitted and all of the 
counter-balance is attached to the drum. Figs. 1 and 2 show 
this in diagram form. 

The car and counterweights travel on guide rails attached to 
the sides of the elevator shaft. The top and bottom counter- 
weights in each frame are usually slotted in the ends and extend 
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around the guide rails. Considerable clearance is allowed and 
if the weights are properly hung, there is very little pressure on 
the rails. 

The elevator car is usually hung in a steel frame called a 
girdle. This girdle is provided with top and bottom guide shoes. 
These shoes are usually adjustable for clearance and are held 
against the guide rails by springs so as to reduce the vibration 
of the car. The car is frequently loaded off of center so that 
at times there is considerable pressure between the guide shoes 
and the rails. The friction loss between these guide shoes and 
rails is affected by the material used, the lubrication and clearance 
of the shoes. The construction of the rails and particularly 
the joints, may have a considerable bearing on this friction. 
In well constructed elevators, the total loss from this source can 
be made quite low, although some cheap elevators using a poor 
grade of rails, may have considerable loss. 

The ropes are usually led over several sheaves before they 
reach the drum or counterweight. The arrangement of the 
ropes and sheaves may be a large factor in the total losses. 
Fig. 1 shows a common arrangement having six sheaves in the 
overhead work and one vibrating sheave just above the drum. 
This sheave, in addition to revolving, is allowed to travel horizon- 
tally on the shaft, so that it will be directly above the groove 
in the drum on which the rope is wound. As the rope winds 
on the drum, it travels back and forth across the face of the drum. 
Sometimes it is necessary to set the elevator back from the shaft 
and use two vibrating sheaves, one for the car ropes and one for 
the drum weight ropes. It will be evident to any engineer that 
the friction depends upon the number of sheaves, it also depends 
upon the load on the bearing of the sheave. There is a further 
loss due to the bending of the rope as it changes from a straight 
line to a curve in passing over the sheave, and again, as it changes 
from the curve to a straight line on leaving the sheave. This 
loss 18 proportional to the diameter of the rope divided by the 
diameter of the sheave. For this reason, large sheaves should 
be used wherever possible. 

The arrangement shown in Fig. 2 1s sometimes possible and 
when used, gives the least sheave and rope friction. If the car 
weight is omitted in the Fig. 2 arrangement, we do away entirely 
with sheave loss and the only rope loss will be due to the bending 
around the drum. 

Occasionally the rope is led around sheaves so as to bend the 
rope back on itself something in the form of the letter S. This 
gives a considerable bending friction on the rope, and, in addition, 
is very bad for the rope asit causes excessive wear. 

With a careful arrangement of sheaves and by using large 
diameters, these losses can be kept down to a comparatively 
small value, but it can be readily seen that these losses may be 
considerable with a poor arrangement. 

We have now traced the losses from the car and counterweight 
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back to the winding machine. The winding drum is usually 
driven by worm gearing immersed in an oil bath. There are 
a number of systems for cutting this worm gearing. The angle 
of the worm may also be varied over a considerable range. We 
can have a single, double, or triple threaded worm.  Uusally 
the greater the angle of the worm, the greater the efficiency. It 
is, however, the practise of elevator builders to keep this angle 
small so that the car will not overhaul from rest. 

It is very necessary that the worm and worm wheel be accur- 
ately machined, and with some systems of gearing, the worm 
must be very accurately adjusted for meshing with the worm 
wheel. There seems to be a prevailing idea that the continual 
wear of the two elements will reduce the friction and improve 
the efficiency. This is only true to the extent that roughness 
due to machining may be worn off and the surfaces polished. 
If the gearing is not correctly cut, the wearing away of part of 
the material is very unlikely to shape the teeth in the proper 
way. This is as true of spur gearing as it is of worm gearing 
and it is a well known fact to those who have made a study of 
the subject. 

The worm exerts an end thrust unless two interlocking worm 
gears are used. This thrust on the single worm gear must be 
taken up on a thrust collar, which is often ball bearing or roller 
bearing; it may, however, be hardened steel disks or bronze 
disks, depending upon the design of the machinery. The dif- 
ference in friction between a good ball bearing end thrust and 
an ordinary disk end thrust is considerable. | 

Lubrication forms a very important element in the gearing. 
If the oil is too thin, or is not properly applied, the gears will 
cut. If the lubricant is too viscous, it causes a loss due to the 
added effort required to turn the worm. The material from 
which the worm and worm wheel is made will make considerable 
difference in the friction. 

Manufacturers usually operate the worm gearing before 
shipment sufficiently to rub off the tool marks and get it in good 
condition, so that the elevator gearing at the time of installation, 
should operate near its maximum efficiency. 

In selecting a motor to drive an elevator, we must first know 
the net weight to be lifted and the speed at which it is to be lifted. 
This gives us the h. р. expended at the load. The total efficiency 
of the machine is then approximated and the rating of the motor 
determined. The speed of the motor operating at the above load 
will be the full load speed of the motor. Some designs of motors 
have a considerable variation in speed between no load and full 
load, so that the no load speed of the motor should not be used; 
this is particularly true of squirrel cage induction motors. The 
ratio of motor revolutions at full load to drum revolutions is 
the gear ratio. This fixes the number of teeth in the worm 
wheel and diameter of drum. Where double or triple threaded 
worms are used, one-half or one-third of the total number of 
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teeth in the worm wheel should be taken in figuring the gear 
ratio. 

When the elevator car is at rest, it will require about double 
the running torque to start the load from rest, as the static 
friction is about double the running friction. The power re- 
quired to accelerate the load can be neglected unless the speed 
of the car is high, such as 500 ог 600 ft. per min. For low-speed 
passenger and freight service, the limiting characteristic of the 
motor is usually the starting torque; the motor being in service 
for such a small percentage of the time that the heating is not 
an important feature. The motor that will start the load with 
the least amount of current from the line 1$ the desirable motor. 
This desirable starting characteristic is usually obtained at the 
sacrifice of efficiency and regulation. For higher speed service, 
these last two considerations cannot be neglected. 

Efficiency is not an important item where the operating 15 
infrequent and regulation is not important for low car speeds. 
In considering speed regulation, it must be remembered that the 
motor may act as a generator in lowering the load and, therefore, 
the difference in speed of going down with full load and going up 
with full load, will depend entirely upon the regulation of the 
motor. With a саг speed of 300 ft. per min. much closer speed 
regulation is necessary than with a car speed of 100 ft. per min. 

The d-c. elevator motor is usually compound wound and the 
controller is arranged to short circuit the series field winding 
when the motor reaches full speed. With this type of motor, 
the speed regulation 1s very good. The same may be said of 
the adjustable speed motor which is shunt wound and has a speed 
variation due to change in the strength of the shunt field winding. 
The question of regulation seldom becomes important with the 
d-c. motor when used in connection with a geared machine. 
Where this motor is used on a direct traction elevator running 
at 500 or 600 ft. per min., the regulation 1$ one of the controlling 
features of the design. 

For a-c. power, the choice between squirrel cage and slip ring 
motors is often one of regulation. Either motor сап be given 
good starting characteristics by designing the secondary circuit 
with the proper amount of resistance. The squirrel cage motor 
must operate at full speed with this same resistance, so that it 
has a considerable slip often as high as 20 or 30 per cent. The 
slip ring motor 1s provided with a controller for short circuiting 
the secondary resistance during acceleration, so that the slip 
at full load may be as low as 3 per cent or 4 per cent. The 
squirrel cage motor 1s preferable on account of the simplicity of 
the controller, but it 1s limited to low-speed elevator work on 
account of this large variation in speed. 

On account of the secondary resistance of the squirrel cage 
motor, the full load speed 1$ less and the gear ratio between the 
motor and the drum must be higher than for the slip ring motor 
having the same number of poles, in order to give the same car 
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speed. This means that for a given h.p. motor with equal 
number of poles, the slip ring motor will not be required to de- 
velop as much torque as the squirrel cage motor. The squirrel 
cage motor, however, gives a better torque per ampere input than 
the slip ring motor on account of the design characteristics. 
These two conditions about balance each other so that with a 
properly selected motor and correct gearing, the same load can 
be started with about the same ampere input to the motor. 
This analysis is very important as we frequently hear advocates 
of one motor or the other claim superiority in starting charac- 
teristics. Usually the actual results are obscured by the use of 
improper gearing or by variations in the total efficiency between 
the motor and the car. It is песеззагу for elevator builders 
to have a limited number of gears for each size of machine and 
the architect 15 often restricted in his design of the building so 
that the elevator cannot always be installed for the maximum 
efficiency. There is also difference in workmanship and materials 
used so that it is not fair to compare two installations without 
having analyzed all of the facts. 

The problem of stopping an elevator car is much more serious 
than that of acceleration. The motor may be acting either as a 
motor or as a generator, depending upon the direction and amount 
of the load. When the car reaches the top and bottom floors, it is 
necessary to stop the elevator automatically so that an accident 
will not occur due to the carelessness of the operator. The 
distance the car can travel beyond these floors is called the over- 
travel and is usually very limited. With low speed elevators 
it is not difficult to stop the car as the energy required is pro- 
portional to the square of the speed. When the d-c. motor is 
used, a fixed low speed can be obtained by strengthening the 
field of the motor and by placing a shunt resistance around the 
armature. The motor is also used as a generator for dynamic 
braking in bringing the load to rest. This enables the engineer 
to apply the d-c. motor to high speed elevator service with 
excellent results. The d-c. elevator has been used for the longest 
travel elevators installed, operated at the highest speeds; in 
fact, there are installations where only an electric elevator could 
be used. | 

The use of ап a-c. motor for high-speed elevator service has 
presented a difficult problem. The motor as usually built, has 
only one fixed speed. The car must, therefore, be brought to 
rest by the mechanical brake from the maximum speed. This 
places a limit upon the speed of the elevator. Elevators of this 
kind are usually limited to 200 ft. per min., although higher 
speeds have been used in some instances. Recently, some 
induction motors have been built having two sets of poles in the 
primary; one set of poles for full speed and one set of poles giving 
one-third speed. The secondary also has two sets of windings. 
This enables the engineer to arrange for a fixed low speed from 
which to make his stops and has materially increased the limit 
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of car speed for which an induction motor-driven elevator can 
be used. 

To summarize: The total efficiency of electric elevators may 
vary over a considerable range, from as low as 25 per cent to 
over 73 per cent, depending upon the design, workmanship and 
arrangement in the building. The losses may be separated under 
the following headings: 

Friction of car and counterweight on guide rails. 
Bearing friction of sheaves. 

Bending friction of ropes. 

Efficiency of worm gearing. 

Efficiency of electric motor. 

Item 5 affects the power bill only and is not important where 
the operation is infrequent. Items 1 to 4, inclusive, influence 
the size of motor used as well as the power bill. It is to the 
advantage of the purchaser to keep down the size of his motor. 
A large motor is less efficient on average loads, and increases 
the strain on the machinery and the first cost of the elevator. 
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INDIVIDUAL Motor DRIVE as USED IN THE OIL FLOTATION 
PROCESS 


W. M. Hoen: Once of the most important of the latest appli- 
cations of motor drive as applied to the metal mining industry 15 
found in the oil flotation process. There are several variations 
of the flotation process in use, but this application refers specifi- 
cally to the mechanically agitated type as used in copper and 
zinc mining. 

In the treatment of copper ores the solutions are generally 
worked cold, while in treating zinc ores it is found advisable to 
work the solutions hot. Due to the violent agitation the air 
above the tank is always filled with a very fine spray. In mills 
using the hot solution method:the air is heavily laden with mois- 
ture, unless removed by fans. 

The tanks or cell boxes are approximately 2 by 3 feet and are 
assembled in groups of from 8 to 16, depending upon the class 
of ore being treated. During the development of the process 
crossed belts constituted the original method of drive. They 
were successful for the small experimental machines but when 
applied to commercial work were not satisfactory. In the zinc 
mills, due to the excessive moisture, thev were found to be an 
absolute failure. The next step was to use a bevel gear driving 
each cell of the unit from a common shaft. In practise this 
method was partially successful but a great many difficulties 
were at first encountered. "The friction losses were high until 
cut gears were used, which were completely enclosed so as to run 
in oil. The thrust caused bv the weight of the gears, shafting 
and propeller caused considerable trouble. Any slight difficulty 
with one unit which would cause a shut-down, reduced the mill 
tonnage by an amount equal to the output of the total group of 
cells. Expensive thrust collars of the ball bearing type were some- 
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times used in order to improve the mechanical operation. About 
the end of 1913 this process was so well advanced that the mill 
operators decided that a more efficient and flexible system of 
drive was advisable. 

Practically all of the agitators in successful operation were 
running at a speed of 265 rev. per min. The application of 
vertical motors, one to each tank, appeared to be the best solu- 
tion. However, practically all of the metal mines in the West 
have 60-cycle power, so that a direct-connected motor to run at 
this speed is almost an impossibility, from a design and commer- . 
cial standpoint. The original process started out with an 
agitator running at about 3 rev. per min. Development had 
brought this speed up to 265 rev. per min. and the only apparent 
reason for this definite speed was that with the design of propeller 
in use the most efficient results were obtained at this speed. 
'Experiment had shown that each tank would require between 
7 and 10 h.p. A three-phase induction motor built for this 
rating at 60 cycles does not give good performance nor reasonable 
manufacturing costs if built for more than 12 poles. It was de- 
cided that a 12-pole motor of the vertical type would be the best 
proposition as standard parts would be available. This meant 
that the agitator must run at a speed of 570 rev. per min. The 
problem now was for the metallurgists to devise an agitator cell 
and propeller which would give the desired results at this speed. 
These results were very successful and this speed has now become 
practically standard. 

The motor as finally applied consisted of standard vertical 
parts with a special sub-base and bearing. This sub-base was 
designed in conjunction with the agitator cell. The lower 
bearing was practically a standard although of extra large size. 
The shaft is threaded so as to take a screw coupling and the 
propeller is mounted on a short piece of shaft which is coupled 
to the motor shaft and prevented from locking by a small block. 
This makes a very strony, compact and simple construction so 
that an additional bearing is not required. The vertical bearing 
must be capable of supporting the additional weight of the pro- 
peller, its shaft, and a downward thrust due to the action of the 
propeller. The excessive moisture condition made it advisable 
not to permit circulation of the air from the top of the tanks up 
through the motor windings. This was prevented by providing 
an enclosing plate in the sub-base. In a motor of this rating 
and number of poles, its over-all size is such that nearly all of 
the heat due to the losses is given up by radiation and not by 
convection. In order to prevent injury to the windings during 
periods of idleness it was necessary to impregnate them with а 
moisture-resisting varnish. Each bearing is lubricated inde- 
pendently; the oil inlet pipe for the lower bearing is cored in the 
base. A pipe, as ordinarily used, would be quickly destroyed 
by action of the metallic particles. 

The design of agitator cell and propeller finally adopted 
requires 10 h.p. when operating under normal condition. A 
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change of metallurgical conditions will cause this to vary from 7 
to as high as 20 h.p. However, it was found that with these 
changes іп h.p. the metallurgical results also varied. The most 
desirable range was found to be such, that a motor with a normal 
rating of 10 h.p. would have to carry 25 per cent overload con- 
tinuously and 50 per cent overload for short periods without 
reaching dangerous temperatures. This overload condition 
only applies to the motors in the series which do the preliminary 
mixing. Some cells are grouped for rougher service, separating 
the higher values, the tailings being reground and treated in 
the finisher cells which give the finished product. However, no 
appreciable saving could be effected by making the motors of 
ditferent capacity, as any saving would be offset by the advan- 
tages of having all motors duplicates. 

This process has taken great strides in the last year and a half, 
so that several hundred agitator cells are in operation. At first 
sight it might seem that the application of individual motors 1$ a 
very expensive method. Some of the most important advan- 
tages are as follows: 

(1) Each cell is a unit so that one cell may be shut down with 
only a rclatively small reduction in mill tonnage. 

(2) Mechanical difficulties due to gears, many bearings, shaft 
alignment and the hazard from belts is entirely removed. 

(3) The operation of each cell can be easily — by the 
power consumption. 

(4) In the majority of these plants the cost of power is the 
smallest item, continuity of service and reliability of operation are 
of the greatest importance. In metal mining the use of any 
particular method of drive or type of apparatus is simply a means 
to the end, as the object of the mine and mill is to produce metal. 

(5) The results obtained from the metallurgical end are such a 
great improvement over the water concentrating methods that 
the total mill equipment required 1$ actually less and the labor 
required to handle a given tonnage 1$ reduced. Although this 
process 1s now being used chiefly to recover values from slimes, 
which values were formerly lost, there are indications that it 
will be used for the total recovery of certain classes of ores. 

The unit drive has proven very successful and shows what 
success can be obtained by the close cooperation of the electrical 
and metallurgical engineers in solving an apparently simple but 
complex power drive. 


FRACTIONAL HORSE POWER MOTOR APPLICATION 


H. F. Boe: Small motor applications fall into four classes 
depending upon the operating period and the variations in load. 

1. Continuously operating motors with approximately con- 
stant load. 

2. Continuously operating motors with varying load. 

3. Intermittently operating motors with approximately con- 
stant load. 

4. Intermittently operating motors with varying load. 
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It is usually impossible to obtain data by correspondence 
sufficiently accurate and complete to permit an engineer to 
calculate a suitable motor to drive a certain machine or device, 
on account of the peculiar characteristics of the machines them- 
selves as well as the extreme variations in operating conditions 
while in service. 

Most small motor-driven machines are manufactured in quan- 
tities sufficiently large to warrant careful tests to determine the 
application. A sample motor with electrical characteristics 
approximately those required is gencrally used to analyze the 
application. 

Owing to the policies followed by central stations, 110-volt, 
60-cycle lighting circuits are nearly universal and motors of the 
split-phase type are used to a considerably larger extent than any 
other type of small motor. This type of motor is generally used 
for test purposes. 

Tests. The main readings to be taken on test are: 

1. Volts. 

2. Amperes. 

3. Watts. 

4. Speed of motor. 

5. Speed of machine. 

These should be made for each of several loads, enough read- 
ings being taken to represent all actual operating conditions. 

A very careful analysis should be made of: 

. Starting condition 

. Normal and maximum load conditions. 

Cycle of operation. 

Length of operating period. 

Method of drive. 

. Peculiar mechanical or electrical characteristics required. 

Starting Torque. 'Thetorquerequired tostart the machine under 
normal and maximum load conditions must be definitely deter- 
mined. This can be obtained by reducing the voltage at the 
motor terminals to a value just sufficient to start the machine 
and bring it up to speed. By substituting a Prony brake and a 
scale for the load and measuring the locked torque of the motor 
at the voltage obtained above, the actual starting torque is ob- 
tained. This is usually expressed in ounces at one-foot radius. 

Normal and Maximum Torque. The normal load torque can 
be obtained by means of a brake test on the motor at the same 
input found under actual operation of the machine at normal 
load. The maximum torque can be determined in the same way 
if the maximum load is of sufficient duration to read the motor 
input. If this is not the case it can be obtained by reducing the 
voltage at the motor terminals to a value just sufficient to carry 
the maximum peak load. By substituting the Prony brake for 
the load and measuring the pull-out torque of the motor at the 
reduced voltage obtained above, the actual maximum torque 1$ 
determined and is expressed in the same terms as the starting 
torque. 
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TEMPERATURE 


The temperature rise of the motor for normal operating load 
should be determined bv actual test and the overload conditions 
and the possible temperature rise under overload taken into 
consideration. Where feasible these heat runs should be made in 
connection with the driven machine, since this method more 
nearly gives the actual operating temperature. However, where 
this is not feasible, temperature test on the motor mav be taken 
in some more convenient way and still approach operating 
conditions. 


METHODS OF DRIVE 


The method of drive determines largely the speed of the motor 
selected and likewise the mechanical characteristics of the 
frame, brackets, shaft and bearings, and therefore is of vital 
importance in the application of the fractional horse power 
motor. 

Belt. Where round or flat belts are used the ratio of pulleys 
should be such that the motor pulley will be of normal size. 
The distance between pulley centers should be great enough to 
eliminate excessive belt tension or if this 1s impossible an idler 
pulley should be used. Small motor pulleys and short belt 


centers are sometimes used successfully on very small machines | 


where the load and starting conditions are comparatively light, 
but ordinarily idler pulleys are desirable where the pulley ratio 
is large and the distance between the belt centers small. 

Spur Gears. Numerous small motors are connected to the 
driven devices by means of spur gears. This gives a very posi- 
tive drive and excellent results are obtained. In general, it is 
desirable to keep the gear ratio 5 to 1 or less, but some small 
motor driven machines use successfully gear ratios considerably 
in excess of this. А careful analysis should be made of limiting 
pinion sizes before gear ratios exceeding the above are used. 

Bevel Gears. If the motor drives the machine through bevel 
gears the best results on small machines seem to be obtained 
where a ratio of 2 to 1 is not exceeded. However, in some cases 
ratios as high as 3.5 to 1 have been used successfully, depending 
on method used in manufacturing gears. This drive is positive, 
but there 1s always some end thrust which must be taken care of 
in a way which will not cause undue wear on the motor bearings. 

Silent Chain. If large reductions in speed and only a short 
space between motor shaft and machine shaft is available, a 
silent chain drive may work admirably, since large ratios of 
sprockets and short chain centers are permissible. This makes 
a very good positive drive. 

Worm Gear. Worm gear drive is used extensively and large 
reductions in speed are obtained. Where this drive is encount- 
ered care should be taken to see that the worm thrust is properly 
taken care of. In general, the worm should have its own thrust 
bearings which must be large enough to take a thrust equal to 
the maximum torque of the motor. 
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Friction. Where friction drive is used careful measurements of 
the thrust on the motor shaft should be made. If any thrust 
is found it may be necessary to equip the motor with special 
thrust bearings. This method of drive is used largely where it 
is desirable to get an adjustable speed with a constant speed 
motor; for example, moving picture projecting machines. 

Direct Connection. When motors are to be directly connected to 
the load the method of mounting should be noted. The distance 
between center line of shaft and base should be determined and 
the amount of permissible variation specified. The distance 
from center line of motor to end of shaft extension, the length 
and diameter of the shaft extension and whether the motor has to 
take care of end thrust must also be investigated. This method 
of drive is being used with excellent results. Sometimes rigid 
couplings are used, but in general, flexible couplings are more 
desirable. 

MOUNTING 


A careful analysis should be made of: 

1. Method of drive. 

2. Method of mounting—Is motor to be arranged for floor, 
wall, ceiling or vertical suspension? 

3. Location of the motor with respect to machine 1t drives. 

4. Limiting space available for the motor. 

5. Limiting manufacturing dimensions in regard to distance 
from center line of shaft to base, and center line of motor to end 
of shaft extension. 


CHOICE OF MOTOR 


A-C. Single-Phase. Having determined the mechanical and 
electrical characteristics of the motor required to drive success- 
fully the machine in question, there are various other features 
to be taken into consideration before definitely recommending a 
motor. 

An allowance must be made for: 

1. Variations incident to manufacture of machines in quantity. 

2. Variations incident to manufacture of motors in quantity. 

3. Minor variations in voltage. 

4. Minor variations in frequency. | 

Since the torque of a motor at starting varies approximately 
as the square of the voltage, it is imperative that a motor be 
selected that will start against the worst possible conditions. 
This is due to the fact that they are generally connected to light- 
ing circuits where insufficient transformer capacity or light wir- 
ing will cause the voltage to drop considerably at times, partic- 
ularly when starting. This voltage may be reduced to possibly 
80 per cent of its rated value, the starting torque of the motor 
then being approximately only 64 per cent of the torque at full 
voltage. 

The maximum torque of the motor selected must be sufficient 
for the worst load condition to which the machine will probably 
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be subjected at a voltage at least 10 per cent below normal rated 
voltage. 

The motor should be capable of operating on a circuit with 
a variation of 10 per cent plus or minus in frequency, 10 per cent 
plus or minus in voltage, or an equivalent combination of voltage 
and frequency. | 

No-Clutch Motors. Under light load starting conditions and 
where the motor runs for long periods of time at constant load, 
motors without clutches should be used. Motors rated 3 h. p. 
and below are usually built without clutches since reasonable 
starting torques are obtained without objectionable starting 
current. 

Clutch Motors. Clutch motors are designed so that when start- 
ing, the rotor revolves freely on the shaft. When nearly full 
load speed is reached the clutch operates automatically by centri- 
fugal force and engages the shaft through the clutch. With 
a properly desiyned clutch the load is then accelerated smoothly 
and without shock. This type of motor develops practically 
maximum torque at starting and requires starting current which 
is less and also of shorter duration than in the no-clutch motors. 
(See Fig. 2, Mr. Lester’s paper.)* It is desirable to use clutch 
motors where high starting torque is required and particularly 
so when high starting current 1$ objectionable. 

Repulsion Induction Motors. Repulsion induction motors 
should be applied where the initial starting torque required is 
very high and the torque drops off very rapidly during acceler- 
ation. At the instant of changeover from repulsion to induction 
running the torque does not exceed a small fraction over full 
load torque. A tvpical application of this motor would be a 
deep well pump. (See Fig. 1, Mr. Lester’s article.)* 

Odd Frequency Motors. Having selected a suitable 60-cycle 
motor, it may be necessary to line up suitable motors to operate 
the machine on other frequencies from 25 to 133 cycles since 
lighting circuits of other frequencies are sometimes encountered. 
If these motors are to drive the machine at the same speed as 
the 60-cycle motor and proper gear or pulley ratios are made to 
take care of the variations in speed of the odd frequency motors, 
it is necessary to furnish proportionate torques on these machines. 
If it is the intention to use the same pulleys or gears, the motors 
will have to have the same torques as the 60-cycle, which in some 
cases will increase the horse power while in others it will de- 
crease the horse power of the motor, depending upon the number 
of poles and the frequency of the motor. 

D-C. Motors. Having obtained the characteristics of the a-c., 
motors the d-c. motor should be selected having as nearly the 
same mechanical characteristics as possible. 

Shunt-Wound Motors. If the motor starts with light load and 
runs at practically constant speed with constant or variable load, 
a shunt-wound motor should be used. 
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Compound-Wound Motors. И high starting or maximum torque 
is required and a slight variation in speed with variations in load 
is permissible, compound-wound motors should be used. Usually 
motors below 3-h.p. сап be supplied shunt-wound. 

Series-Wound Motors. Where exceptionally high starting 
torque is required, where the load is constant or where a large 
variation in speed with a small variation in load 1s permissible, 
series-wound motors should be used. Series-wound motors, 
however, should alwavs be connected to the load through a 
positive drive. 

Universal Motors. Theso-called universal motors are designed 
to run on either alternating or direct current and have series 
motor characteristics. These motors are high speed and used 
almost exclusively on portable electric drills and small fan type 
vacuum cleaners. 

Open or Enclosed Motors. If motors are to be used in a damp 
or dirty place, where they mav be subjected to water, acid fumes, 
or where they areinclose proximity toinflammable material, they 
should preferably be enclosed. It is desirable to mount all 
motors where they get the maximum amount of ventilation. 


PRINTING PRESSES 


Wm. C. Yates: In the printing industry, the electric motor 
finds a most important field of application. In fact, the motor 
is indispensable, as it furnishes the ideal drive for the various 
machines in a printing plant which in no modern establishment 
or one of any consequence are operated by any other means. 
The chief factors favoring motor drive as compared to any other 
driving means are: 

No obstruction to light by overhead belting and shafting. 

Cleanliness. | 

Quietness. 

Convenience of location. 

Saving of floor space and headroom. 

Economy of power. 

Wide range of specds. 

Convenient control. 

Protection to the operator. 

Economy of time—Reliabilitv. 

These factors may be recognized as applying to almost anv 
kind of machinery equipped with individual motor drive. There 
are no machines, however, to which the speed range, convenience 
of control, and reliability of the electric motor are of greater 
importance than to a printing press, especially one producing a 
daily newspaper. 

In the veneral book, pamphlet and job printing industry 
motors are applied to composing machines, printing presses, 
folders, cutters, stitchers, and binding machinery. In news- 
paper printing plants, motors àre used on composing machines, 
matrix and plate making machines, printing presses, paper 
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hoists and convevers and exhaust fans. For all machines with 
the exception of the presses and folders the selection of a suitable 
motor is a relatively simple matter and no special features of 
control are involved. For the most part, constant speed motors 
are emploved and the control mav be an ordinarv hand starter 
or in cases where remote control is desired, a self starter may be 
used which 1$ operated from one or more push button stations. 
Where the work necessitates the use of an adjustable speed motor, 
a manually operated speed controller will usually answer the 
purpose. 

The advantageous characteristics offered by the сіссігіс 
motor apply to all the power driven machinery in the printing 
plant but especially to the presses, which require features of 
drive and control that nothing else can offer. In the following 
are taken up the several broad classes of printing presses, with 
a brief discussion of the types of motors applicable in general 
to each class and of the fcatures entering into the proper control 
of the motors. 

The various types of printing presses fall into three general 
classes: 

Small platen presses, ordinarily called job presses. 

Flatbed cylinder presses. 

Rotary presses. 

Job Presses. "These, used for printing cards, circulars, small 
jobbing and commercial work, have a tvpe bed and impression 
platen which are both flat surfaces. The type form is held 
stationary, and approximately vertical, while the platen on which 
the paper is placed swings up to meet it. Напа sheet feed 15 
the rule, though automatic feeds are sometimes used. 

The general run of job presses require motors ranging in 
capacitv from в to 13 В. p. The motors are generally best 
mounted on the floor and arranged for belt drive to a fairly large 
press pulley. Friction drive, using a friction pulley bearing 
ayainst the flvwheel, 1s also used. 

The control requirements are simple. Оп d-c. circuits a 
shunt motor 1s employed usually controlled by a no-voltage- 
release speed regulating rheostat іп the armature circuit. The 
small sizes of the motors used make permissible control of speed 
by armature resistance as the wastage of power is inconsiderable, 
especially as the motors are usually run at or near normal speed. 

There are applications, where the speed of production is of 
prime importance, where a push-button-operated controller, 
providing predetermined speed setting, gives the best results. 

On a-c. circuits the best results are obtained by the use of a 
commutator type single-phase motor. Such motors are avail- 
able, designed for speed control by brush shifting and with the 
shifting mechanism arranged for foot operation. 

Flatbed Presses. These have the tvpe forms carried by a 
heavy, rigid platen sliding back and forth in ‘‘ways,” similar 
to the bed of a metal planing machine. At each pass the type 
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passes under the impression roll at one end of its travel, and under 
the inking rolls at the other extreme. There are several classes 
of flatbed presses differing in the relative motions of the cylinder 
and platen, although in all types the impression cylinder always 
revolves in the same direction. 

Flatbed presses are employed for sheet printing and are gen- 
erally used for color work. The feed may be either hand or 
automatic. 

The ideal location for motors is within the frame of the press, 
on brackets. Belt drive is preferable to gear or chain drive as 
the slipping of the belt serves as a protection against shocks to 
the motor and machinery. The motors required range in ca- 
pacity, for different makes and sizes of presses, from 14 to 15h. p., 
and must be capable of exerting a strong starting torque, for 
which reason the d-c. motors are usually compound-wound with 
about 20 per cent series field. The a-c. motors used are for 
two or three-phase circuits and are of the slip ring type. 

The ordinary requirements of speed variation are met by 
providing the d-c. motor with 50 per cent reduction by armature 
resistance, and with field control giving a 25 or 50 per cent speed 
increase above normal. In the case of the a-c. motor, regulating 
resistance is furnished which permits of a speed range down to 
50 per cent of normal. Ordinarily only the higher speeds are 
in requisition, the lower speeds being required for occasional 
jobs where an extra high grade of work is involved. 

The ideal control equipment provides for push-button starting 
and stopping and for predetermined speed control. "The ability 
to start or stop the press from stations at both the feeding and 
delivery ends makes for greater convenience and safety to the 
operator and is an important factor in the saving of time. The 
predetermined speed feature makes possible the proper setting 
of the ultimate speed for the work in hand so that when the press 
is producing it will run at that speed. Thus is avoided the wast- 
ing of time by reason of running too slow, as also the spoiling 
of work from running too fast. Furthermore, it becomes pos- 
sible to work to a definite schedule of production, which is of 
great importance to the printer. 

Other features of the control equipment are: 

No-voltage protection to motor and to operator. 

Overload protection to the motor. 

Dynamic brake or solenoid brake for quick stopping. 

“Jogging” or “inching.” 

Reverse for emergency conditions only. 

Recent developments in control equipments for use with a-c. 
motors incorporate all of these advantageous features. The 
essential difference is that dynamic braking is, in the nature of 
things, out of the question, and a solenoid brake is used. The 
results, however, are identical. 

Lithographing Presses. The lithographing press differs from 
the ordinary flatbed press in that it prints from an engraved 
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stone instead of from tvpe. In its various makes and sizes it 
takes motors ranging in capacity from 2 to 10 h. p. The require- 
ments as to the tv pes of motors, speed range, and control features 
are the same as for the general run of flatbed presses. 

Rotary Presses. Rotary web presses, used largely for magazine 
or newspaper work, employ curved stereotype, electrotvpe, or zinc 
printing plates, attached to the cylinders. They print a con- 
tinuous roll or web of paper, which allows a much faster speed 
than even the automatic feed applied to flatbed presses. Due 
to this feature, and also to the elimination of heavy reciprocating 
parts, this type of press 1s superior in point of speed. 

Small rotary presses, which may print either on a continuous 
roll or on automaticallv fed sheets, are used for work similar to 
that performed by job presses and flatbed presses. Тһе motors 
required range in capacity from 2 to 15 h.p. and the tvpes of 
motors and the control features are essentially the same as for 
the job and flatbed presses doing similar work. 

Rotary Magazine Presses. Тһе sizes of rotary presses used for 
magazine printing require motors ranging in size from 5 to 35 
h.p. The d-c. motors emploved are compound-wound and of 
the adjustable speed tvpe with speed range by field control of 
2:1, although occasionally a speed range as high as 3:1 1s of ad- 
vantage where the work which the press turns out 1s of widely 
varied quality. When a-c. motors are used they are of the slip 
ring type with speed control by resistance in the secondary cir- 
cuit. 

А suitable control equipment may be either ''full automatic" 
or '"semi-automatic," although the former is the more convenient 
to the press operators. By “full automatic" is meant entire 
contro] from push-button stations. Each complete master 
station, of which there may be one or more, contains push-buttons 
for “Тор,” “fast,” “slow,” “stop,” and a two-button operated 
snap switch for 'safe-run." Partial stations, of which there тау 
be several, usually comprise “jog” and “‘safe-run”’. 

The various contactors and other remotely controlled switch- 
ing mechanisms actuated by the push buttons are mounted 
on a panel together with the knife-blade line switches, fuses 
and whatever instruments may be desired. The panel and 
resistances connected thereto may be placed in any available 
space as the complete control of the press is accomplished from 
the stations and the only devices on the panel ever manually 
operated are the line switches. 

Pressing the “‘)ор” button will cause the press to run at a very 
low speed as long as the button is held closed. When the button 
is released the press instantly stops. Pressing the ‘аз’ button 
will start the press off at the lowest speed and gradually acceler- 
ate it toward the highest running speed as long as the button is 
held down. When the “fast” button is released the press will 
run at whatever speed it has attained, Pressing the “slow” 
button causes the press to decrease in speed. The “stop” button 
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is used to bring the press to a quick stop. The “safe-run’’ but- 
tons permit of opening the control circuits at any one station 
so as to prevent the starting of the press from anv other station. 

Whether the press be stopped by release of “Чор” button or 
operation of ''stop'' or “safe” buttons, the brake comes instantly 
into effect and quickly brings the machinery to rest. 

А ‘‘semi-automatic’’ control equipment differs from the 
"full automatic" in having a manually operated device for bring- 
ing the machinery up to running speeds. The ' jog," “stop,” 
and ‘‘safe-run’’ features are, however, controlled by push-but- 
tons exactly as in the ''full automatic" equipment. 

The equipments for induction motors accomplish much the 
same results as those for d-c. motors. The advantage in favor 
of the d-c. motor lies in economical producing speeds over a wide 
range. When the producing speed is to be at or near synchron- 
ous speed the induction motor offers no disadvantage whatever. 

Rotary Newspaper Presses. The great advantages of motor 
drive as compared to any other drive in the case of rotary presses 
lie in: 

Economy of space—Crowded conditions usually prevail in 
a newspaper plant. 

Convenience of control—From several stations and by quickly 
operated devices. 

Safety—All is hurry and bustle and the press operators must 
be protected against carelessness. 

Delicacy of control— The web of paper must be slowly fed 
in while making ready and gradually accelerated to the full 
running speed. 

Reliability— The loss of an edition is a serious matter. 

Some small newspapers are produced by single motor-driven 
rotary presses in which case the equipment 1$ the same as de- 
scribed for the rotary magazine presses. 

The larger newspapers, however, are run off from rotary presses 
which have a two-motor drive. А small motor is used driving 
the press through gearing to obtain the make-ready, low speeds. 
A large motor is used to obtain the high producing speeds. When 
the large motor takes up the work the small motor is electrically 
and mechanically, automatically disconnected. 

The motors required range in capacity from a 3+25-h.p. toa 
10+ 100-h.p. combination. А speed range of 2:1 by field and 
90 per cent reduction by armature is usually provided in the 
large motor of the d-c. combination. The running speed range 
of the induction motor combination is from normal down to 
about 3 normal. In either case the ordinary producing speed 
is usually figured at about 75 per cent of the ultimate possible 
speed in order to allow for contingencies of delay. 

The control equipment for the two-motor drive is almost 
always of the “full automatic" type and the same features of 
control are incorporated as already described. The push-button 
stations are the same as for single motor drive, but the control 
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panel naturally contains a larger array of devices by reason of the 
fact that both the small and large motor must be controlled and 
in proper sequence. 

А modern newspaper press room equipment may use two- 
motor a-c. drive. The press may be quadruple or double 16-page 
unit, capable of printing 30,000 16-page papers or 15,000 32-page 
papers per hour. Some large newspapers necessitate two, four, 
six, and even eight press units. Producing speeds vary from 20, 
000 to 36,000 papers per hour, of 12 pages per paper up to 32 
pages. Presses even larger and faster have been built. 


MoTOR APPLICATIONS OF THE BRICK MANUFACTURING INDUSTRY 


T. Z. Simpers: The brick manufacturing industry, including 
building, paving, ornamental and fire brick, tile, sewer pipe, etc., 
has an annual production of $200,000,000 in value. Approxi- 
mately 100,000 h.p. 1$ required to make this product, which 
signifies the importance of the industry from a power application 
standpoint. 

Brick manufacturing plants are located in all parts of the 
country supplying product for local consumption, and there are 
few central stations that do not have one or more, either as 
customers or prospects. The load offered by these plants is 
attractive to central stations, on account of the fact that during 
cold weather the brick plant is usually shut down, meaning that 
the power requirements occur mainly in the summer, when the 
central station load is otherwise at its lowest point. Owing to 
the fact that the power requirements for brick plants are small, 
ranging from 75 to 500 horse power, and consequently the genera- 
tion of their own power rather costly, power can usually be pur- 
chased to good advantage. 

The general conditions surrounding the application of motors 
in brick manufacturing plants are among the worst encountered 
in any industrial service. These unfavorable conditions are: 

1. Severe starting requirements—due to inertia of driven 
machinery and to material in machinery hardening when at rest. 

2. Severe overloads—due to irregular feed of material. 

3. Dusty atmosphere about plants and presence of dampness, 
causing collected dust on the motors to become cemented to the 
windings, resulting in insulation strains and interference with 
ventilation. 

4. The use of gears of large pitch and high pitch line speeds 
resulting in severe vibrations. 

5. Lack of careful and intelligent inspection of machinery. 

Good service is obtained with these conditions only when 
careful consideration is given to the application of each individual 
machine. Before deciding on the motor size, type, and method 
of connection to the clay working machines, it is important to 
analyze the following points: 

1. Starting conditions, including the amount and variation 
of torque required and the frequency of starting. 
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2. Running conditions, including general nature of work to 
be performed and the variations in load for various rates of 
production. 

3. Mechanical conditions of apphcation. 

. It 15 necessary that motors applied in brick manufacturing 
plants should have generous starting and running characteristics, 
bearings dust-proofed, windings impregnated against moisture. 
The motors should be carefully installed with respect to align- 
ment with driven machines, and drive connecting to same. The 
requirements vary greatly in different plants, and are materially 
affected by the general design of the plant, methods of operation, 
and the nature of the material worked. 

To provide for the severe starting and running conditions, 
there is a tendency to select motors larger than necessary. The 
result of the low load factor caused thereby is low power factor 
and low efficiency of the individual motors. 

The advantages obtained by the application of motors in 
brick plants are briefly as follows: 

1. Economical Arrangement of Plant. The various depart- 
ments of the plant can be arranged to the best advantage by 
the application of individual motors or motors driving small 
groups of machinery, which is in contrast with the complicated 
arrangement required by a single driving unit. 

2. More Efficient Operation. This is accomplished by the re- 
duction of losses in line shafts and belts and by the restriction 
in operation to those machines actually required by the work. 

3. Protection against Dangerous Overloads of driven machinery 
afforded by simple control. 

4. Increased Output. This is accomplished by the greater 
continuity of service, and the constant speeds of machinery 
afforded by individual drive. 

One of the points of importance in the consideration of the 
change over from steam to electric drive is the method of drying 
the brick. In those plants where heat exhausted from the kilns 
is used for drying the brick, or where drving tunnels are heated 
directly by coal or gas, no change is necessary. However, when 
exhaust steam is used, it will probably be of advantage to con- 
sider some other method of drying, in order to eliminate the use 
of boilers for this purpose only. 

While in some cases water or oil is used for lubrication of the 
die of the brick machine, in some plants the use of steam for this 
purpose has proven of advantage and in such cases, can be 
secured by a small boiler located adjacent to the brick machine. 

The decision must be made as to whether group or individual 
drive of machinery would be the better. For plants with storage 
facilities between the various departments, and the machinery 
scattered, individual drive will usually be of better advantage, 
while for plants with all machinery inter-dependent and grouped, 
group drive would be better. 

А-с. motors are almost without exception used by clay 


1915] DISCUSSION АТ DEER PARK 3025 


working plants, because of the extensive use of central station 
power. This tvpe of motor possesses the advantages of greater 
simplicity and less parts to be damaged by dust and dampness 
as compared with the d-c. motors. 

The progress of material through a brick manufacturing 
plant involves the following applications. 

Hoist or convever from quarry to plant. 

In large plants, with a long haul, the clay is transported by 
an industrial railroad. An economical method is by means of 
a motor-operated transfer car or locomotive, which mav be 
operated by alternating or direct current from overhead trolley. 
The loose material and large amount of dirt around a plant of 
this kind, makes the third rail svstem undesirable. 

The material may be dumped into storage bins or conveyed 
direct to crushing or disintegrating machinerv after reaching 
the plant. In case the raw material is shale or rock, crushers 
and dry pans are usually used, while for soft and stiff mud, 
refining rolls or various forms of pulverizers are used. 

Where the material is located a short distance from the plant, 
a convenient arrangement is to control the hoist or conveyor 
and the crushing machinery from the same point. 

The usual drive for the convevor from the storage is by belting 
from the motor driving the crushing machinery, although in 
some cases it is more convenient to use an individual motor. 

Crushing machinery is usually of such type that belting is 
the most suitable method of applving motors, although some 
tvpes of crushers operate at suitable speeds for direct coupling 
of the motors. Motors with good starting and pull-out torque 
characteristics are required bv all tvpes of crushing machinery. 

Drv pans are usually driven bv constant speed motors geared 
to the dry pan shaft. The vibration of this machine is very 
severe and it is advisable that the motor shaft be rigidly sup- 
ported bv an outboard bearing. It makes an improved arranye- 
ment to provide a flexible coupling between the gearing and the 
motor as this prevents the transmission of vibration to the motor 
to a large extent. This is especially important with respect 
to d-c. motors. 

An arrangement for dry pan drive has recently been proposed 
whereby the motor is mounted on the top of the pan, and the 
motor shaft 1s rigidly supported by a pedestal bearing mounted 
upon the frame. Such an arrangement is very compact and 
should mean a reasonable life to the motor. 

The pug mill and auger machines may be driven by motors 
belted or geared to the respective machines. Because of the 
large pitch. of gears of these machines, considerable vibration 
results, and flexible couplings should be used if the motors are 
geared. The auger machine will require more power than any 
other machine in the plant and may require one-third of the total. 
In making this application, careful consideration should be given 
regarding the starting current taken by the motor and the 
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capacity of the power plant. If there isno clutch between the 
motor and the auger, the motor will be required to start fre- 
quently, and if the current taken by this motor is near the ca- 
pacity of the power plant, serious trouble from plant operation 
тау result, due to excessive drop on the line voltage. In 
smaller capacity machines, the pug mill and auger are often 
combined in one unit, in which case, belting is the usual method 
of drive. 

The cutters, represses and conveyers between the various 
machines require little power and may be driven from the motors 
driving the machines upon whose operation they are dependent, 
or individually by small motors. 

When individual drive is used, the motors are as a rule, geared 
to the driven machinery, offering the advantage of less space 
required and lower maintenance costs. For machines which 
are started without load and are driven by motors, 50 h.p. or 
smaller in capacity, squirrel cage motors will give satisfactory 
operation. 

The operation of the pug mill and auger machine is practically 
constant, but an occasional stop is necessary. Under these 
conditions, the machines will be full of material which hardens 
if the shut down is of appreciable length, and if the machines are 
not provided with clutches, the starting requirements on the 
motor are severe. For such installations, a wound rotor motor is 
advisable. 

Motors for blowers and exhaust fans will be required according 
to the tvpe of kilns and method of drying used. These machines 
are required to operate 24 hours per дау and for these applica- 
tions, central station power can be used to good advantage, as 
it eliminates the necessity of the operation of an auxiliary engine 
at light load at night, as required by engine drive. 

The power requirements for making brick vary considerably 
with the kind of material used, the product made, and the 
methods used for obtaining the product and to approximate the 
power required per unit output, is only possible after the layout 
of the plant 1s made. 

Thetable on the following page gives anoutlineof theoutputand 
power requirements of a number of brick manufacturing plants. 

It is to be noted that the soft mud plant making common 
brick requires the lowest amount of power for production. This 
is due to the fact that little crushing of material is required. 
The stiff mud plant requires considerably more power than the 
soft mud plant, due to increased power for crushing and the 
power requirements of this tvpe of plant vary greatly, according 
to the hardness of material. 

Considering the power requirements of the individual machines, 
tests have shown that 35-40 h.p. is sufficient to drive a9-ft. dry 
pan, when working at full capacity. The dry pan 15 the most 
usual grinding machine used in 501 mud plants. The power 
requirements of auger machines vary considerably, according 
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to their size. For machines of capacities up to 7500 bricks per 
hour, 10 h.p. per 1000 bricks per hour is approximately required, 
while for the larger machines of capacities, 25,000 to 40,000 
bricks per hour, 5 h.p. per 1000 bricks per hour would seem 
ample. The pug mills will require approximately one-half of 
the power required bv brick machines of the same capacity. 
The conveyors about the brick plant are a simple mechanical 
proposition, as to power requirements, although 50 per cent 
should be added to the calculated power requirements in order 
to take care of the friction losses. The h.p. requirements of 
fans and blowers, must be obtained from the manufacturers 
of these machines. 


| 
ELECTRICITY IN THE RUBBER INDUSTRY 


E. W. Pilgrim: Rubber as it is received by the manufacturer 
of rubber goods is in two forms, crude rubber and plantation 
rubber. 

Crude rubber 15 gathered from wild rubber trees by natives 
and is worked up by them into balls about the same shape and 
half again as large as the American football, and before it can 
be used it must be washed to free it from dirt, after which it is 
worked up into sheets and dried. 

Plantation rubber is gathered from cultivated trees, washed 
and dried at the plantation and shipped in the form of sheets. 

The first treatment which crude rubber must undergo is 
washing. The large pieces of rubber are put in a tank of hot 
water and left to soak until softened. This makes it easy to 
free the rubber of dirt during the process that follows. 

The large pieces, after having softened, are first put through a 
'" cracker." This machine consists of two sets of rolls, both 
corrugated, and is really a rough washer. In this machine the 
rubber is torn up and rolled out into rough corrugated sheets. 
After passing through the cracker several times it 1s taken over 
to the finishing washer. This machine is the same as the cracker 
except that the rolls have finer corrugations. Неге the rubber | 
is rolled out into a fairly smooth sheet. Water 1s kept flowing 
over the material in both the above mills. 

After washing the sheets are dried in a room heated by steam 
pipes or by hot air blown through by fans. A later process 
consists of putting the sheets in an oven heated by steam 
and from which the air is pumped, making a vacuum. Rubber 
is dried by this process very quickly. 

The power required for driving the various machines in the 
rubber industry varies greatly as, for instance, a washer having 
two rolls, 16 in. diameter by 30 in. in length used in break- 
ing down scrap rubber averages about 25 h.p., but if used for 
breaking down pure rubber gum the power required will be 
about 50 h.p. 

The above figures are for individual motor drive. Most mills 
connect a line of washers to one motor, the motor being connected 
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to a line shaft running beneath the floor. The washers being 
geared to this shaft, the peak load of one machine which 1s often 
100 per cent more than the normal load, will come during the 
light load of another machine and normal load is thus maintained 
on the larger motor. With this arrangement а 100-h.p. motor 
would be ample for five mills washing scrap rubber and a 150- 
h.p. motor for four mills washing pure gum rubber. 

In a washing room having a rough washer containing three 
rolls, each roll 15 in. diameter bv 24 in. long, running at 
2] rev. per min.; two finishing washers containing two rolls, each 
roll 18 in. in diameter by 36 in. long, running at 25 rev. 
per min., and one tub heater, a 100-h.p. motor is installed and the 
following data are taken from a test record, breaking down crude 
rubber. 

During this test the rough rolls were working, and the smooth 
rolls running light, the smooth having been loosened slightly. 


Average line shaft speed............... 126 rev. per min. 
Average speed of тоП.................. 2] rev. per min. 
Average armature voltage.............. 255 
Length of гесога...................... 11 min. 42 sec. 
татат: Вера тысы қы Ы 3.45 
Maximo m: D Варе 97.3 
R. m.s. valueof һ.р.................... 33.1 

Г Average value of һ.р................... 26.7 


The above consists of both working cycles and periods of 
running light, while attendant was obtaining raw material. 
The following are the values for any working cycle: 


Highest average h.p. for any working period...... 53.5 
- Highest г. т. 5. value of h.p. for any working period 54.5 
Highest maximum horse power for any working period 97.3 


These last figures represent the extent to which the rolls might 
be loaded provided the operator was kept continuously supplied 
with raw material, and should be used in case an individual 
motor 1s desired to operate each set of rolls. 

The following figures cover similar conditions, rough rolls 
running hyht and finishing rolls under load. 


Average speed of line shaft......... .... 126 rev. per min. 
Average speed of го1|Їїз.................. 25 rev. per min. 
Duration of гесога.................... 22 min. 10 sec. 
Alaximunm. D. T. poorest y eoe d be e 49.1 
Minimum: b. В p.e exis ata 5.5 
R. m. s. value of Ъ.Ћ. р................. 23.4 
Average value of b. Ћ. р................ 20.8 
Highest average b. h.p. any working 

Periodi sus CR des и 41.5 
Maximum h.p. for any working period.... 49.1 


From the above we can assume that if both sets of washing 
rolls are to be operated continuously under load and driven by 
one motor, the motor should have a continuous capacity of 96 
h.p. and be capable of a momentary overload of 143.4 h.p. 
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The peak loads come at a time when the operator throws large 
pieces of pure para rubber into the cracker. The momentary 
h.p. is very great but this drops off immediately after the stock 
is broken down. 

Mill Line: The most general arrangement of mixing and . 
warming mills is to connect a large motor to one end of a long 
shaft running underneath the floor and gearing the mills to this 
shaft. If there are.only two or three mills connected a bar 
wound induction motor 15 satisfactory provided the power 
companies do not object to the starting load in which case motor 
with resistance in the rotor should be selected. Where there are 
a large number of mills connected а wound-rotor motor with 
external resistance must be used. 

The mill line 1s alwavs protected bv a mechanical or electrical 
brake which can be applied in case of accident, from any 
machine. 

In the mixing mills the rubber after it has been washed and 
dried 1s mixed with compounds which are thoroughly worked in. 
After this operation the rubber 1s stored until needed and before 
being used is put through the warmer where it is heated and 
softened to a condition so that it can be used. 

The following data are taken from the test of a 375-h.p. motor 
driving a mill line to which were geared the following machines: 

2 mixing and warming mills having one roll 20 in. diameter 
and the other 22 in. in diameter, each 72 in. long. Speed of rolls 
25% rev. per min. 

1 mixing and warming mill, having one roll 20 in. diameter 
and the other 18 in. in diameter, each 60 in. long. Speed of rolls 
26% rev. per min. 

1 mill having two rolls, each roll 20 in. diameter by 48 
in. long. Speed of rolls 22 rev. per min. 

1 mill having two rolls, each 18 in. diameter by 36 in. long. 
opeed of rolls 34 rev. per min. 

1 mill used as а masticator having two rolls each 18 in. 
diameter by 48 in. long, running at 24 rev. per min. 

On a typical run mixing compounds having about 30 per cent 
para the following results were recorded: 


NL aximum ре se vean ca san Sa dr COUP dU о dd cC C 345 
Average hio улл tee bio esce ДЫ d i dd en 220 
ТОБ ЕРЕ а о а И КАЙЫ КАЙЫ 225 


Calenders: Тһе calender is used for three different purposes: 
skim coating, which consists of spreading rubber over the surface 
of cloth; frictioning, which consists of rubbing the rubber into 
the fabricso that the cloth isentirelv filled with rubber compound; 
calendering or sheeting rubber, which consists in passing the stock 
through the rolls and taking it off in sheets of different widths 
and thicknesses depending upon what it 15 to be used for. In the 
process of skim coating the top roll 1s hot and runs at about two- 
thirds the speed of the middle and bottom rolls. The middle 
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and bottom rolls are cool. Cloth is passed between the bottom 
and middle rolls. 

In frictioning all three rolls are hot. The top and bottom rolls 
run at about three eighths the speed of the middle roll, the fabric 
to be frictioned running between the middle and bottom roll. 

In calendering all three rolls run at the same speed. The top 
roll is warm, middle roll hot and bottom roll cool, and the rubber 
is taken off the bottom of the bottom roll. 

Each of the above operations is performed most efficiently 
at different speeds and in order to obtain uniform quality of 
product it is necessary that the speed at which the rolls run 
during thè various processes remain constant as variations in 
speed with variations in load gives an imperfect product. Be- 
cause the d-c. motor can be designed for a wide range of speed 
and controlled so as to give a small increase in speed with each 
step of the controller as well as the advantage of dynamic braking 
in case of emergency, this motor is preferred for calender-drives, 
the usual speed range being from 300 to 900 rev. per min. or 
235 to 950 rev. per min. We know of one or two installations 
where a-c. motors are used for driving calenders, but on account 
of the impossibility of obtaining а wide range of speed, the a-c. 
motor is practically limited to driving calenders where only one 
class of work 1s handled. 

The power required in calendering varies approximately di- 
rectly proportional to the speed, although this rule does not apply 
for the lower speed as the power required 1$ slightly more than 
a straight line curve would show.  Frictioning requires more 
power as it is performed at a higher speed. Skim coating is done 
at intermediate speeds and calendering at the lower speeds. 

The ideal drive for calenders on which all classes of work are per- 
formed consists of a d-c. three to one or four to one adjustable 
speed motor controlled by an automatic contactor control, the 
operator manipulating the control from'the push button station 
located on the calender housing. The field rheostat mounted 
on the side of the calender housing and graduated in yards per 
minute controls the speed. From the push button station 1t 15 
possible to start, stop, reverse, or slow down the motor for 
threading in another roll of fabric. 

The following sizes of motors are usually supplied for driving 
three-roll calenders used in automobile tire factories. 


IS in Бу баты бы cu ead BA ERES eee 35 h.p. 
ОТИ Dy DO ЧИ ео оо es 50 h.p. 
29 31 OY TOO ANG irate osa qa S ал рае 75 h.p 
оза DY 00 1055959 cee иен ЛК ee am оа a 90 h.p 


The horse power mentioned above is the power required when 
the calender is operated at maximum speed. 

One of the largest three-roll calenders built has rolls 32 in. 
in diameter by 90 in. face and requires a 250-h.p. motor. 

The following data were obtained on a calender when running 


3032 MOTOR APPLICATION . [June 29 


rubber compound at a constant thickness of 20 mils and varying 
speed, width of sheet 36 in. 


Motor Surface speed 
rev. per min. H.P. of roll, yd. 
402 4.88 23.5 
500 6.25 25.5 
535 6.22 27.3 
571 6.35 29.1 
618 7.67 3l.5 
670 8.15 34.2 
638 8.17 32.6 
600 7.02 30.6 
570 6.73 29.1. 
500 6.20 25.5 
455 5.62 23.2 


The above tests were taken on а 16 in. by 44 in. calender 
and the table indicates the increase of h.p. with increase of speed. 

The following table indicates the results obtained from the 
same calender and the same compound running at the same speed 
and varying the thickness of the stock. 


Thickness of Ft. per min. 
stock in mils H.P. of rolls 
20 10.4 30.3 
30 7.7 32.3 
40 6.10 32.7 
50 4.96 33.2 
60 6.24 32.6 
70 7.00 32.2 
80 6.38 32.3 
90 6.92 32.5 
100 6.46 32.6 


The above table leads us to believe that the power required 
at a given speed varies inversely as the thickness. The most 
important factor which has a considerable effect on the power 
consumption and one which causes varying results when different 
conditions are varied is the size of the rolls which are fed into the 
calender. It is evident that when a large roll of compound is 
being fed into the calender a large surface of the calender roll 
is rubbing on the compound and the power required to reduce 
large rolls of compound to sheets is consequently greater than 
that required for the smaller rolls. 

The following is a list of typical installations: 


rev. per 
Size of mill Н.Р. min. Material 

22 by 60 in. warming.... 75 720 automobile tires 
10 by 22 by 36 іп. 

rubber refiner......... 40 720 v Шы 
18 Бу 36 іп. three-roll 

Waslleros ailes 75 900 » ii 
16 by24in.sheeter...... 20 720 s > 
18 by 40 in. warming.... 40 720 ш " 
24 by 66 in. three-roll 

calender............. 90 300/900 " x 


Tube machine.......... 15 900 “ inner tube 


2% 
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for automobile inner tubes 5 h.p. 
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One tube wrapper, one buffing machine and one rag wrapper 
1800 rev. per min. belted to 


line shaft. 

One 100 h.p. 600 rev. per min. motor driving one 16 in. by 24 
in. washer, one 14 in. bv 30 in. tin roll, one 14 in. by 34 in. 
tin roll, one 14 in. Бу 18 in. bv 28 in. dust grinder, one wash 
tub, material manufactured hard rubber novelties. 

One 200 h.p. 600 rev. per min. motor driving three 18 in. by 50 
in. and one 50 in. bv 36 in. warming and mixing mills, material 
manufactured hard rubber novelties. 

One 75 h.p. 720 rev. per min. motor for driving one 16 in. Бу 
12 in. mixing mill, one 15 in. Бу 24 in. washer, one tube machine. 
Material manufactured, automobile inner tubes. 

The usual arrangement of the factory for the manufacture of 
automobile tires 1s as follows: 

At the rear of the building are the washers, drving room, and 
compounding rooms. Along each side and near the windows are 
the calenders. Between the two rows of calenders are the mix- 
ing and warming mills. Cloth drving machines art installed 
convenient to the calender. Next along one side of the building 
are the fabric cutters and then the tire wrapping machines. On 
the opposite side are the vulcanizers. The offices and store- 
room are near the front of the building. 

L. L. Tatum: There is one point that has been standing out 
before me very strongly for the last year or so, and that is as to 
the increased responsibility for the completeness of the equip- 
ment on the part of those in the electric art who are making 
industrial motor applications. The papers this afternoon have 
brought out a thorough study of the power applications, the 
tvpe of motor required, and the conditions under which the motor 
is operated. Machinery people treat that as a foreign art. Due 
regard to economv requires that most of our applications should 
be made on new machines, and that means the manufacture of 
new machinery rather than the rebuilding of existing machinery. 

To too great an extent we have considered our responsibility 
as ended when we recommended suitable equipment. We have 
not carried our responsibility further to the proper assembly of 
the equipment on the machine. Many of these machines go 
into small plants that maintain no suitable electrical force and 
are at the mercy of the local contractor for assembly and in- 
stallation, and my own experience has been that the machines 
suffer a good deal from these local contractors. "That fact was 
driven home particularly one Sunday afternoon this past winter 
when I was called out to help a poor fellow get his machine 
running by Monday morning. He could not find any one else. 
The local contractor had fallen down completely. It was a 
simple job, but before the owner of that plant gets through with 
it, there will be trouble. The plant will be comdemned by the 
wiring inspector, and condemned bv the safety man. They had 
on the machine so-called safety features which no safety board 
would pass. 
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The responsibility of the man who provides the motor, ш my 
opinion, should include the complete installation, to see that 
it is properly mounted, adjusted, and connected, so as to relieve 
the man who buvs the installation from the constant annovance 
of condemnation Бу inspectors of his apparatus, and the expense 
of rebuilding it before he gets it right. 

There are one or two machinery manufacturers who carry 
their assembly to the complete mounting of the motor and con- 
troller, wiring them complete, ready for the attachment of the 
power wires, which апу ordinarv contractor can do in proper 
form. This practise should be the rule, not the exception. 

I find that a great many possible users of electrical machinery 
are afraid to put it in, just because of the trouble thev always get 
into through improper assemblv and installation. The responsi- 
bility should rest on the machinerv man of making the equip- 
ment complete. This is a matter of education of the machinery 
manufacturer which we are in the best position to carry out. 

J. C. Lincoln: There was one installation made in a printing 
plant in Cleveland which may be of interest, in showing how 
some problems are met. The manager of this particular plant 
was an ''eficiency тап”. Не wanted to find out how the work- 
men were doing. He knew that some of his job pressmen would 
start out, and when he was in the room would run the presses 
so as to get 2,000 or 2,100 impressions an hour, and when he was 
not in the room they would not get out so many. This instal- 
lation was put in, and information was given the manager of 
the plant of the operations of the men in this way: He had some 
twelve or fourteen small job presses and about eight or ten large 
presses, varying in size, the presses requiring a motor of from 
5 h.p. to 15 h.p. On a large board in his office was placed a 
voltmeter, and then a meter and lamp for each press 1n the estab- 
lishment. Connections were made so that whenever the press 
was running the lamp belonging to that praticular press was 
lighted. Furthermore, these voltmeters were so calibrated that 
the impressions per hour were given bv the meter. In this wav 
the manager sitting at his desk could look at the switchboard and 
see at a glance which presses were in operation and how many 
impressions an hour they were producing. The plan has been 
in operation for two or three years. We have not heard any 
complaint about it, and presume it is giving good service. 

J. H. Davis: I was very much interested in Mr. Stafford's 
paper on electricity in grain elevators because the matter of the 
exportation of grain 1$ of unusual importance on account of the 
European war. We have two very large elevators which we 
are about to electrify, and the question of just how to do it is 
under consideration and has been for some time. 

I have not had an opportunity of reading Mr. Stafford's paper 
very critically, but 1n looking over 1t superficially I see no refer- 
ence to the vacuum system of handling grain. From my view- 
point, it would appear that that system of handling grain offers 
many advantages over the old method. 
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I think perhaps it may not be out of place to mention here 
some of the difficulties in the wav of the present method of 
handling grain. I presume Mr. Stafford has studied the subject 
very closely, perhaps much more closely than I have, but it falls 
to my lot to decide how we shall do these things, so far as our 
own elevators are concerned. When the cars come to us loaded, 
we will say with wheat, thev have an additional door known as 
a grain door, made of rough timber and nailed to the car, inside 
of the regular door, which is closed, and the car 15 sealed. The 
cars reach us and we take them in eight- or ten-car lengths into our 
grain elevator and there we have track pits and the regular door is 
opened and the grain dooris taken down. It is quite a problem, to 
remove these grain doors. Unless you have actually seen the 
difficulties involved, vou do not appreciate how it delays or 
slows down the whole- operation. What I am getting at is 
this—bv the vacuum system of handling grain we can allow the 
grain door to stav as it is by simply carrying into the car a rein- 
forced hose, built around a wire frame so as to prevent collapse 
of the hose, as the air is removed. This method would readily 
provide for the removal of the grain, would not necessitate the 
removal of the grain doors and it would entirely remove all 
necessity for shoveling the grain through the doors of the cars. 
It may be that such a method of handling grain will not prove to 
be practicable. A fest has recently been made at Quebec of 
this method of handling grain, but unfortunately I was unable 
to have a representative there, but I understand that, while 
they were in a measure successful, the details of the equipment 
were not worked out so as to be entirely successful in every respect. 


DREDGES AND EXCAVATING MACHINERY 


H. W. Rogers: Mr. Rushmore presents a table of manufacturers 
by industries in which are mentioned, “Ітоп and Steel” and “Сор- 
per, Smelting and Refining". Both of these industries naturally 
suggest the mining industry on which they are dependent and with 
which they are closely allied. Under the heading of ‘‘Costs’’, Item 
4, reference is made to the economic value of electric drive, which 
introduces the subject of the electrification of dredges and 
excavating machinery. 

In so far as the mining industry is concerned this type of 
machinery may be classed under the following heads: 

Dragline excavators. 
Revolving shovels. 
Railway shovels. 
Strippers. 

Hydraulic dredges. 
Elevator dredges. 

The dragline excavator or bucket-scraper has a limited field 
of operation in the California gold fields but otherwise is confined 
almost entirely to contracting work while the revolving shovel 
railway shovel, and stripper is used very extensively in mining 
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operations, particularly in the iron and copper mines of Michigan 
and Minnesota, the copper mines of Utah and the coal fields 
of Kansas, Missouri and Virginia. 

The dragline excavator might be classed with the locomotive 
crane and revolving derrick as it is of similar construction, and, 
since such machines operate on a very much slower cycle than 
the shovel, which isequipped witha rigid dipper handle, they may 
readily be equipped with either d-c. or a-c. motors depending 
on the source of powér available. In the electrification of a 
shovel there are many important points to be considered and 
what may be said of the railway shovel is equally true of the 
revolving shovel and stripper, the latter being really a revolving 
shovel of a much larger type and greater capacity. 

There 1$ probably no other class of machinery that presents 
a duty cycle as severe as that of the shovel, which is very short, 
varying from 7 to 12 sec. on the hoist, from 7 to 12 sec. on the 
thrust, and from 10 to 18 sec. on the swing, making a complete 
cycle in from 17 to 30 sec. and the motor to meet these require- 
ments must have a sufficiently low armature inertia to permit of 
rapid acceleration and quick reversals under small power. It 
should also be a motor of rugged design as 1t must be subjected 
to severe overloads and shocks and frequent reversals. This 
is especially true of the hoist motors, and, to a lesser degree, of 
the swing motor; the thrust motor being practically stalled during 
the digging operation, although it may revolve or overhaul, 
according to conditions, and is operated at full speed only after 
the hoisting operation is completed. 

In laying out an electric shovel drive there are really four 
things to be considered; namcly, the speed at maximum torque, 
the speed at light load, the power required by the motor, and 
the gear ratio. Ап increase in the gear ratio results іп a decrease 
in power at both light and heavy loads, and increase in the speed 
at heavy loads, and a decrease in the speed at light loads. 

The d-c. series motor has the characteristics of the steam 
engine, in that it gives its heaviest torque on starting, speeds up 
under light loads, and slows down under heavy loads. It is 
much easier to control and requires considerablv less apparatus, 
in so far as the control is concerned, than the a-c. equipment. 

With the a-c. slip-ring motor it is impossible to obtain the 
maximum torque on starting; and the light-load speed, which 
is very important, is limited by the synchronous speed. The 
only means of improving this disadvantage is to reduce the gear 
ratio or use a higher speed motor, either of which methods would 
mean an increase in the capacity of the motors and an increase 
in the inertia, which would result in an increase in the power 
required and a slower acceleration, both of which are undesirable. 
Under such conditions the natural result is a much larger kv-a. 
capacity in transformers for the induction motors than the kw. 
capacity of motor generator set for the d-c. motors. 

There is undoubtedly a greater demand for electric shovels 
for a-c. operation than for d-c. operation, but neither type of 
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motor should be applied without a full knowledge of the existing 
conditions and the characteristics of the steam engine, as mis- 
applications will only tend to defer progress in this field of en- 
gineering. А very careful study of this subject in connection 
with existing electric shovels and thorough testing has proven 
beyond all doubt that the d-c. series motor is better adapted 
to this service than the a-c. slip-ring motor, and, although it 1s 
possible to operate a shovel with slip-ring motorsthe disadvantage 
of such an application render it undesirable. 

It can be safely said, however, that with a proper application 
of motors, the electric shovel will equal or surpass the steam 
shovel in every respect and will eventually replace it. Although 
the electric shovel requires an increased investment, the reduction 
in labor and repair charges and the elimination of boiler and feed 
water troubles will warrant it. 

The saving in operating expense of the electric shovel over the 
steam shovel will depend somewhat upon the comparative cost 
of coal and electric power and will vary for different localities, 
but it should be remembered that the electrically operated 
shovel eliminates the fireman, the watchman, the coal passer, 
teaming of one-half day, the use of water, and considerable 
waste. The natural increased wear and tear of parts having a 
transverse motion as compared with those having rotary motion 
should be considered. | 

The following data applies to one of the larger types of shovel, 
but is typical of all shovels and clearly indicates what may be 
reasonably expected of the electric shovel. In these figures no 
account whatever has been taken of the possible saving in the 
cost of fuel as this must be considered for each individual case. 


Labor per Shift. Steam Electric 
Shovel гиппег............................. $ 6.00 $6.00 
(ranerailax аслан ылық аха ек 2 4.00 4.00 
Е Неа о осо Ga ee db нк КЫЫ ка 2.50 ан 
Six pitmen at $1.75....................... 10.50 10.50 
One watchman: eese RA Ole жа кек does 1.75 е 
Опа coal passer а а р ене m 1.50 
Teaming ( d Чаўу) “саат р 2.50 T 
Oil:and Waste o od usas ед ах зы ЕРЕ 1.50 .75 

ТОСА ЕЖЕН РНЕ RUD babe ис өй а $30.25 $21.25 

Saving, electric over Ѕіеат................... 21.25 


$ 9.00 per shift. 
For convenience in comparing the costs of operation on steam 
and electric shovels the costs are all reduced to a day basis. 


Electric 
Equivalent 

5 Steam а-с. а-с. 
Interest at 6 рег сепб............... $ 5.20 $7.75 $10.85 
Depreciation at 44%.............. 4.03 6.00 8.43 
Repairs at 1005.................... 8.66 вая iie 
Repairs at 6%..................... КР 7.75 10.85 
Labor per shift.................08. 30.25 21.25 21.25 


Total cost pershift............. $48.14 $42.75 $51.38 
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it has been assumed that, owing to weather conditions, delays, 
etc., the shovel working year consists of 150 days and the above 
figures are based on this assumption; also that the shovel is only 
working one shift a day. 

If the shovel works three shifts a day instead of one shift a 
day, the interest and depreciation will remain the same, provided 
the shovel is kept in repair. It is reasonable to assume that the 
repairs will increase when working three shifts, but not in direct 
proportion: therefore, this item has been increased 50 per cent. 


Electric 

Equiva- 

lent 

Steam d-c. a-c. 
Interest at 6 per cent......... $5.20 $7.75 $10.85 
Depreciation at 44%........ 4.03 6.00 8.43 

Repairs at 15%.............. 13.00 TET due 
Repairs at 9%............... or 11.63 16.28 
Labor (three shifts).......... 90.75 63.75 63.75 
Total cost (three shifts)... .$112.98 $89.13 $99.31 


These figures clearly indicate that the electric shovel is a 
better proposition than the steam shovel, that the d-c. equip- 
ment is far superior to the a-c. equipment and that the saving in 
operating expenses will warrant the increased investment. 

The control on either the d-c. or the a-c. equipment is revers- 
ible and entirely automatic, all panels being equipped with 
automatic acceleration, the hoist and crowd panels being also 
equipped with a “Чат” relay which inserts resistance in the 
circuit in case of very heavy overloads but does not open the 
circuit, the resistance being automatically cut out again by the 
same relay when the overload disappears. The master control- 
lers are located similar to the operating levers on a steam shovel 
so that a steam operator will be entirely at home on an electric 
shovel. 

In selecting a shovel equipment it should be remembered that 
although it is possible to operate with alternating current, it is 
cheaper to use the d-c. equipment, even with a motor-generator 
set, and have an outfit which more nearly approaches the 
characteristics of the steam shovel, and has much simpler control 
apparatus and requires considerably less power to operate it 
than the a-c. equipment with transformers. 

The hydraulic or suction dredge has never been favorably 
considered for mining operations although the modern elevator 
dredge followed closely and was, in a large part, due to an attempt 
to mine with the aid of powerful pumps which were suggestive 
of a more highly satisfactory method. It has long been used, 
however, as a successful machine, by contractors for excavation 
of material below the water level and, although not designed for 
the excavation of rock, such material frequently passes through 
the pump without any difficulty. Ordinarily it is used 1n sand, 
gravel or loam, although there is one at Columbus, Ohio, working 
in blue clay and one at Calumet working in copper tailings. 
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The electrical equipment of such machines is not entirely new 
as there are quite a number that have been 1n successful opera- 
tion for several years. 

The greater portion of them, however, are steam operated. 

Ordinarily the equipment consists of the main pump motor, 
the cutter motor, the winch motor, the service pump motors and 
bilge pumps, with the necessary control and switchboard but 
these may be and often are supplemented bv a compressor motor, 
a small motor-generator set for the search light or an additional 
motor for operating а ' giant." The operation of such machines 
is practically continuous and it 1s an ideal application for a-c. 
induction motors. The main pump, which 1s Бу far the greater 
portion of the load, may varv between 200 h.p. and 1250 h.p., 
depending on the size of pump and the head against which it 
operates. Since the greater part of the head 1s friction head and 
the discharge line varies in length between wide limits it is 
necessary to compensate for this change in the speed of the pump 
and consequently a variable speed induction motor should be 
used with provision for from 25 to 33 per cent reduction in speed. 

Both the cutter and winch motors should be of the variable 
speed type while the remaining motors may be squirrel cage 
type. While there may or may not be a saving in the cost of 
power, there is a saving in labor and repairs and a considerable 
saving in the first cost of the dredge resulting from the use of 
motors. 

The hull may be smaller and the operating hours longer while 
the dirt and grease resulting from the use of boilers, steam engines 
and coal bunkers is eliminated. 

The elevator dredge of the close connected bucket type 1s 
used to a certain extent for excavation but is largely confined to 
gold and platinum mining. Ц varies in capacity from 33 cu. 
ft. buckets to 16 cu. ft. buckets and consists essentially of a digger 
or bucket line; revolving screen, sluice tables and boxes, stacker 
for carrying away the tailings, high and low pressure pumps, 
priming pumps, amalyamator and occasionally a sand pump and 

giant." There are more than a hundred of these dredges 
operating in the country and although some are equipped with 
steam engines, the greater part are electrically driven with a-c. 
motors. 

The steam driven dredge can hardly be considered economical 
in sizes larger than 73 cu. ft. and it is practically impossible to 
operate the largest ones with steam as there is no available space 
for sach an equipment, in fact, the larger sizes of dredge practi- 
cally owe their existence to the electric motor. 


THE SUGAR INDUSTRY 


C. A. Kelsey: Few people realize the extent of the sugar 
industry. Sugar is commonly considered as a luxury but al- 
though a large part of the total production of sugar is used in 
the manufacture of confections there is still a very considerable 
amount used directly as a food product. 
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The total world production of cane and beet sugar for the 
season of 1913-1914 was 18,687,000 tons of which, 9,777,000 tons 
was cane sugar. The United States imported in the year 1913, 
2,890,667 tons but produced only 852,472 tons, making a total 
consumption of 3,743,139 tons. This gives a per capita consump- 
tion of 85.4 lb. per annum. Of the above amount consumed 
in the United States, cane sugar constitutes the greater portion, 
the amount of beet sugar being a very small portion of the total. 

Briefly the process of producing sugar from cane consists of 
expressing the juice from the cane, evaporating the water, crystal- 
lizing the sucrose, and separating the sugar from the molasses. 

The cane is delivered to the mill on special flat cars having the 
sides and ends of open construction. There are two ways of 
delivering the cane from the cars to the cane hopper. First, 
by transfer hoist, whereby portions of a carload are lifted out of 
the top of the car by cables which have been passed around the 
cane. This requires a hoist motor mounted on a standard hoist. 
Second, the car is switched on to a track section which can be 
tilted either sidewise or endwise. In-the former case, the plat- 
form can be tilted around a balanced point requiring therefore a 
very small motor of intermittent rating. Where the car is 
tilted endwise, a hoist motor mounted on a standard will generally 
be employed. This requires a motor and hoist of sufficient capac- 
ity to lift half of the combined weight of the car and cane. 

The cane is dumped in to a hopper from whence a conveyer 
pulls the cane up on to the main cane carrier. The idea of 
breaking the conveyor up into two sections is to provide means 
for depositing a uniform layer of cane on to the section feeding 
the crusher. Both sections of the cane conveyor require variable 
speed drive. The second section or main carrier requires vari- 
able speed in order to give a constant feed to the crusher, depend- 
ing upon the character of the cane and the desired rate of grinding. 

The crusher consists of a set of two corrugated rolls and 1s 
intended to break up the cane into short sections and to lay it 
open so that the main rolls can force out the remaining juice. 
The main rolls are adjusted to deliver a constant thickness of 
crushed cane to the succeeding rolls. As the crusher extracts 
about 65 per cent of the total juice, the portion going to the first 
mill is composed largely of fibre. With a variation in the per- 
centage of fibre content in the cane coming from different sec- 
tions or at different periods of the season, the amount of crushed 
cane delivered by the crusher with a constant feed, will vary. 
As the rolls require with a given speed a constant rate of crushed 
cane the crusher must operate at variable speed. 

An operator is required at the crusher to regulate the feeding 
of the first roll and as alternating current is best suited for the 
general mill condition, a variable speed motor of the wound- 
rotor type is satisfactory for the service. 

As mentioned before, the main rolls are adjusted for a constant 
spacing between the rolls. A variation in the character of the 
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cane producing a higher or lower percentage of fibre or a variation 
in the rate of prinding, calls for both a difference in the relative 
and absolute speeds of the different rolls. "The relative speeds 
can be obtained by suitable gearing to motors of the same speed 
where the mills are to be individually driven. These speed ratios 
.are, however, suitable for one class of cane. With a varying 
cane it is desirable to readjust the relative speed. Variable 
speed motors have not proven satisfactory under these conditions 
as the load is found to vary from time to time even when care is 
taken to produce a uniform feed. The variable speed a-c. 
motor under these conditions gives an unsatisfactory speed 
regulation, rendering it difficult of control. | 

There are times when on account of shortage of cane or some 
reduction in the capacity of the sugar house, that it is desirable 
to keep the rolls running at reduced output. As mentioned 
before the speed control of a variable speed motor, driving cane 
rolls is unsatisfactory. A means of meeting this requirement, 
is however, had, in reducing the frequency and voltage of the 
a-c. circuit, by means of the reduction in speed of the prime mover. 
Where the pumps have been designed to meet this condition, 
the frequency of the whole power svstem can be reduced, as all 
of the pumping and conveying apparatus can properly be cor- 
respondingly reduced in speed. One exception to this, is the 
centrifugals, which must be operated at their proper speed in 
order to insure completely drving the sugar crystals. This 
can be taken care of, however, by splitting up the power circuits 
leaving the main rolls to be driven by an independent generator. 
The motors for the main rolls should therefore be constant speed 
tvpe, but on account of their size, and the high static friction, 
which they have to overcome, they should be of the wound rotor 
{уре with a resistance for starting purposes only. 

The crushed cane coming from the last set of rolls is called 
bagasse, and is conveyed by scraper type of conveyers to the 
furnaces, usually located between the boilers. In a properly 
electrified sugar mill the bagasse should meet all of the require- 
ments for fuel with the exception of a very small amount of wood ' 
required to kindle the bagasse. These conveyers operate at 
constant speed and as the material is soft and not liable to jam 
the conveyer, constant speed squirrel cage motors are here 
emploved. 

The juice extracted by the crushing plant is delivered to a 
screen where particles of cane are filtered and left on the screen. 
А scraper conveyer takes the cane refuse from the screen and 
deposits 1t on a cross conveyer, which in turn dumps it on to the 
cane passing between the first and second set of main rolls. 

The raw juice is pumped to alkalizing tanks where milk of 
lime is added. This 1s to neutralize the acids formed by fer- 
mentation and to produce insoluble compounds from the non- 
sugar element. Centrifugal pumps are here employed, driven 
by constant speed squirrel cage motors. 
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The milk of lime is produced in the plant by the solution of 
slaked lime, the action taking place in a small tank provided with 
a paddle for stirring up and mixing the contents. From here 
it is pumped to a storage tank. А small centrifugal pump is 
here used to discharge the mixture. The motor is a constant 
speed, squirrel caye type. 

The tanks into which the raw juice is discharged and in which 
the milk of lime is added, are provided with some means 
of mechanically mixing the milk of lime and the raw juice. 
The paddles are either driven direct by vertical motors or geared 
down to horizontal motors, in either case constant speed squirrel 
cage motors are used. 

The alkalized juice is then pumped through a heater from 
whence it discharges into defecator tanks. Here the juice is 
brought up to the boiling point in open tanks. The heat acting 
on the albumenoids forms a flocculent precipitate. Part of this 
settles to the bottom and part rises to the surface, forming a 
thick, black dirty scum. The clear liquid forms in between two 
layers and is then decanted and pumped to the evaporators or 
multiple effects. A centrifugal pump is here used driven by a 
constant speed squirrel cage motor. The scum and sediment 
are diluted with additional water and then passed to the filter 
presses. The nature of the material requires a triplex pump. 
The pump is driven by a constant speed squirrel cage motor. 
The size of the motor permits its being thrown on to the line in 
case a compensator does not give high enough starting torque. 
The filtered juice follows the path of the defecated juice while 
the filter cake is dropped down from the filter presses to a con- 
veyor which carries the cake to a car whence it is transported to 
the field and used for fertilizer. 

The defecated juice flows through the multiple effects where 
it 15 evaporated down to a consistency of syrup. Evaporation 
takes place under successive stages of vacuum and correspond- 
ingly lower temperatures. The syrup is either pumped to storage 
tanks near the vacuum pans or flows by gravity. Centrifugal 
pumps are here used driven by constant speed, squirrel cage 
motors. The condensed vapors from the juice in the multiple 
effects are drawn off from the different vessels and are either 
pumped to a tank for use as maceration water at the rolls or 
discharged to the hot well. Centrifugal pumps are here used 
driven by constant speed squirrel cage motors. The syrup is 
drawn up into the vacuum pans where it is boiled to grain. The 
first sugars, that is those sugars coming from the original boiling 
of the syrup, are let out of the pans directly into a tank over the 
sugar centrifugals. Here the sugar and molasses called masse- 
cuite is fed into centrifugal machines. The centrifugal ma- 
chine 1s practically the only machine in the sugar mill requiring 
a specially designed motor. This refers to the direct coupled 
motor. The centrifugal is first loaded with a charge of mas- 
secuite. It is brought up to speed, requiring a high accelerating 
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torque. It is allowed to run for a minute or two, depending 
upon the grade of the sugar, and is then brought to rest by a 
brake. The molasses is thrown out by centrifugal force through 
the wire gauze lining of the centrifugal and the sugar crystals 
are left in a thick laver on the inside surface of the centrifugals. 
After dumping out the sugar by mechanical scoops or by hand, 
the centrifugal is again loaded and the process repeated. The 
direct coupled motor must be designed to accelerate the centri- 
fugal quickly and bring it up to a predetermined speed. It is 
usually operated a short time at top speed so that the ventilation 
is limited and a fairly large motor must be utilized, in comparison 
to the accelerating and running torques. 

The molasses is mixed with the svrup coming from the multiple 
effects in an attempt to crystallize more of its sucrose contents. 
Usually the massecuite produced in this manner is discharged 
from the pans into crvstallizer tanks. These tanks are provided 
with paddles intended to keep the contents in slow motion. The 
sugar crystals are thereby brought into contact with the non- 
crystallized sucrose and grow larger. These crystallizers are 
driven by constant speed squirrel cage motors. 

The sugar discharge from the centrifugals drops into either 
a screw or vibrator conveyer and discharges into a bucket con- 
уеуег leading to a bin from whence the sugar is discharged into 
bags for shipment. These conveyors are usually driven from the 
main centrifugal shaft where group-driven centrifugals are em- 
ployed, or can be driven by individual motors of the constant 
speed squirrel cage type. 

Where the centrifugals are belted they are grouped and shaft 
sections are driven by constant speed squirrel cage motors. 

The circulating water for the condensers is pumped by cen- 
trifugal pumps, driven by constant speed motors. These motors 
may be squirrel cage type or wound-rotor type with starting 
resistance depending upon their size as compared with the power 
system. 

The molasses from the centrifugals is pumped to the storage 
tanks serving the vacuum pans or to the outside storage tanks 
by triplex pumps. Constant speed squirrel cage motors are 
suitable for this service. The vacuum pumps and air com- 
pressors when used can be satisfactorily operated by constant 
speed induction motors, either of the squirrel cage or wound-rotor 
type, depending upon the size of the motors in relation to the 
power system. 

The blowers for the boilers are best driven by variable speed 
motors, to provide a means for varying the furnace draft. Wound 
rotor motors are suitable for this service. 

The boiler feed pumps should be capable of delivering a 
variable amount of water to the boilers. This can be accom- 
plished by driving them by variable speed motors or the discharge 
of the pump can be throttled. 

There are miscellaneous applications asid a sugar-mil| 
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factory, such as driving service water pumps, laundry tubs for 
the filter bags, the carpenter and machine shops, but these 
applications are simple and not peculiar tothe sugar industry. 

In general, 1t may be said that the application of motors to 
cane sugar mill apparatus consists in a detailed study of the 
particular apparatus to apply standard motors. The pressure 
heads and quantities of the various liquids to be pumped are 
determined by the layout of the mill and these data must be col- 
lected at the mill and the proper pumps and motors selected. 
The same applies to the conveyers, blowers and miscellaneous 
belted and direct-coupled apparatus. 


THE PAPER MILL INDUSTRY 


W. L. Merrill: Experience has shown that with the exception 
of driving the variable speed end of paper machines themselves, 
the a-c. motor offers a great many more advantages than the 
d-c. motor and at the present time is being generally used 
throughout the industry. 

For convenience in the following table the motors have been 
divided into four types designated: A—-Squirrel Cage Motors, 
B—Internal Resistance Motors, C—Collector Ring Type of 
Motor, D—Synchronous Motors. | 

A--Squirrel Cage Type of Motors: The squirrel cage type of 
motor is essentially a constant speed motor and the speed can 
not be appreciably changed, has high starting torque, high 
efficiency, and high power factor. In the larger sizes it is cus- 
tomary to use compensators for reducing the voltage applied 
to the motor at the time of starting. This is not to protect the 
motor, but to avoid heavy fluctuations on the line. It will, 
therefore, be seen that squirrel cage motors should not be used; 
first, where speed reductions are required; second, where at the 
time of starting it is desired to start slowly or to “Чор” the load; 
third, where sudden shocks are objectionable at the time of 
starting, such as in the chain drive on beaters. In group drives 
where belts are used, these shocks are absorbed partially, by 
the belts and are not objectionable. 

В— Internal Resistance Motors: The internal resistance motor 
has high starting torque, high efficiency, and high power-factor, 
similar to the squirrel cage and has the advantage of being able 
to gradually increase the speed of the motor until the machinery 
comes up to speed and is satisfactory for service where the load 
has small inertia, or is practically all friction and the time of 
acceleration does not exceed about one minute. The internal 
resistance, however, can not be made large enough to give any 
speed regulation and the motor must be treated as a constant 
speed machine. This motor is satisfactory for group drives of 
average service conditions, such as screen rooms, sulphite 
departments, etc. 

C—Collector-Ring Type of Motor: Тһе collector ring type of 
motor has a high torque, high power factor, and efficiency some- 
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what lower than the above two types. It may be either constant 
speed or varying speed. As a constant speed motor it should 
be used where heavy starting duty 1s required, since it is possible 
to proportion the external resistance used in connection with a 
drum controller to meet almost any condition of starting required. 
With liberal resistance grids, several successive starts can be 
made without injury to the motor or controlling appliances, 
such as breaking a wood conveyer loose when jammed with ice 
ог for starting heaters after the stock has settled. А squirrel 
cage motor under similar conditions might injure the conveyor 
or jump the roll out of its bearings. As a varying speed motor 
it can be used where a certain amount of speed regulation is 
required provided it is not objectionable to have the speed change 
as the load changes; e. g., cranes, hoists, etc. Itis not applicable 
to drives where constant speed 1s desired at different loads with 
one setting of the controller. Аз the load decreases, the speed 
increases and vice versa. 

D—Synchronous Motors: Synchronous motors have low starting 
torque as compared with the above types, high efficiency, and 
an adjustable power factor and can be often used advantageously 
for improving the power factor of the system. Before installing 
a synchronous motor, however, conditions of operation should 
be thoroughly studied, as many times the lower power factor 
is due to many motors on the system running at partial loads. 

Synchronous motors should not be installed on line shafting 
or individual machines where a heavy starting torque 1s necessary, 
unless they are provided with clutches or some means of relieving 
the load at the time of starting. The starting torque, in general, 
ts limited to about 30 per cent of full load running torque. The 
synchronous motor can be used to advantage to supply auxiliary 
power to a line shaft already driven by a water-wheel or an 
engine, power being obtained from another station. 

The synchronous motor also has a field in the industry in 
connection with low pressure turbines. Where there are one 
or two reciprocating engines, it is often advantageous to install 
a low-pressure turbine and supply power to various motors 
throughout the mill; also to “pump back” on the engine or main 
line shafting with the synchronous motor. А combination of 
the engine or turbine and the synchronous motor is self-regu- 
lating. 

Drives in General: It is undoubtedly needless to call attention 
to the desirability of having all transmitting parts, such as belts, 
rope drives, gears and chains of ample proportion throughout 
the mill. Large motors which are to run continuously on heavy 
work with belting under severe conditions should be equipped 
with three bearings; two-bearing motors under these con- 
ditions have in many cases proved successful, yet the occasional 
renewal of the bearing linings more than warrants the added 
expense of the three-bearing installation. 
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Silent Chains: Silent chain drives, particularly, should be 
chosen of liberal size for the work thev are to do. This is true 
of beaters where continued sudden shocks are apt to come on 
the chain. 


THE PORTLAND CEMENT INDUSTRY 


С. С. Batchelder: The Portland cement industry affords a 
good illustration of the application of electrical apparatus on 
a large scale where a careful selection of the equipment and atten- 
tion to comparatively inexpensive protective measures have a 
great bearing on the service obtained. Cement making is pri- 
marily a grinding process and involves reducing the material to a 
fine powder twice 1n the course of its manufacture, once before 
and once after burning. This means a large specific power 
consumption. Each barrel of cement requires about 20 h.p-hr. 
in the course of its manufacture, and as the average production 
of American cement plants 1s over 2000 barrels a day the aggre- 
gate power used by the industry is enormous. Cement manu- 
facturers are vitally interested in power production and distri- 
bution. It makes up a very appreciable portion of the cost of 
their product and must therefore be economical. Its supply 
must be continuous and reliable, and at the same time capable of 
adjusting itself to a demand that varies with the seasons. 

Cement mills have a few characteristics which differentiate 
them from most other manufacturing plants. 

The principal difficulty with which motors and control ap- 
pliances have to contend in cement plants is the large amount 
of abrasive dust in the air. While an increasing amount of 
attention 1s being given to dust elimination and collection, there 
are very few plants in which the air in the rooms containing the 
crushing and grinding machinery is clean enough to allow motors 
with unprotected bearings or collectors to operate without re- 
quiring an abnormal amount of attention. The engineer must 
meet this condition bv putting the electrical apparatus in sep- 
arate motor rooms whenever practicable, by specifying bearings 
protected from dust by shaft dust washers and tightly seated oil 
well covers, and by selecting low-speed motors. Ordinary 
gearing should be avoided, and if used at all, should be protected 
by tight cases. It is a good plan to have compressed air piped 
throughout the plant so that the motors can be blown out at 
regular intervals. Control appliances should be of as simple a 
nature as possible, and if relays are used they should be enclosed 
by dust tight covers, or installed in cabinets if they must be 
placed in dusty parts of the plant. 

Crushing and pulverizing machinery is usually rather roughly 
built and to prevent excessive vibration and shock being trans- 
mitted from the machines to the driving motors, requires that 
the mechanical details of a motor installation be laid out in a 
conservative manner. Motor foundations should be rigid; 
flexible couplings should be used between direct connected units; 
and bearing pressures and rubbing speeds should be kept low. 
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Much of the cement-making machinery requires somewhat 
more than normal running torque at the instant of starting, and 
the motors must be capable of exerting this torque if trouble is 
to be averted. This does not affect the design of d-c. and slip 
ring induction motors, but as the greater part of cement ma- 
chinery is driven by squirrel cage motors it is usually necessary 
to bear this starting torque requirement in mind when selecting 
the electrical equipment. As a matter of fact a change in the 
motor design to secure higher torque is very seldom necessary, 
and standard machines can take care of the great majority of 
drives satisfactorily. This has been especially true since the 
introduction of practically indestructible rotor construction. 

High room temperature is a factor that sometimes affects the 
motor equipment of the kilns, and dryers, and various expedients 
have been adopted to protect the motors driving this machinery 
when the conditions were such as to require special precautions, 
such as placing the motors in ventilated tunnels, or in spearate 
rooms. 

While the general tendency of industrial engineers is toward 
the adoption of individual drive, there are a few cases іп cement 
plants where a well worked out group drive will give better 
results. This is particularly true of small elevators and con- 
veyers, which are often subject to rather violent load fluctuations, 
so that individual motors must be of considerably larger capacity 
than required by the average load of machine, while if grouped, 
the driving motor can be safely worked at practically full 
capacity. 

Careful attention to the features in which cement mill service 
15 especially severe will make an electrical installation almost as 
free from trouble as in more favorable industries, while neglect 
of the proper precautions in laying out a motor equipment may 
cause a large expense either in the form of maintenance charges 
or the cost of changes after the equipment is installed. 


THE HANDLING OF FREIGHT IN TERMINALS 
В. H. Rogers: As recorded in Mr. Rushmore’s paper, '' The 


valuation . . . . . of electric motor application 
is SO special as to necessitate its separate statement for each 
industry.” 


This sentence paves the way for an exposition of the advantages 
of electric motors in an industry closely interwoven with every 
kind of manufacturing, namely: the handling of freight in termi- 
nals—the Siamese twin with transportation. 

The movements of raw materials, of processed materials, of 
manufactured and assembled products and food stuffs on their 
halting way to consumer and the subsequent return of scrapped 
material, waste and by-products to the grand circuit necessitate 
a continuous high-pressure system of freight handling at every 
twist and turn, at the beginning and end of every transition 
from one classification to another and in every community. 
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Until recent years this great labor has been performed by hand 
and the first part to be mastered by power was the handling of 
bulk materials. Package freight handling has only recently 
been invaded by mechanical methods involving machines and 
motors. 

Steam power and hydraulic and pneumatic methods have been 
introduced and are still maintained to some extent but the really 
successful agent and the thing that has done most to mechanize 
this work is electricity through its field piece—the motor. Motor- 
operated machines for the handling of bulk freight are: 

Various forms of derricks operated by multiple drum and often 
multiple motor winches. 

A multitude of machines under the general title of cranes 
with one, two, three or four motions with corresponding motors. 

Gigantic machines and combinations of machines for special- 
ized workin great quantities, as typified by ore and coal bridges, 
ore and coal dock equipments and car dumpers using motors 
in great variety of sizes and characteristics with corresponding 
highly developed control apparatus. 

Continuous conveyers for free-flowing bulk material, used 
for elevating, horizontal and lowering movements between cars, 
ships, storage piles or warehouses and elevators; equipped with 
motors section by section with self-protecting control devices. 

Complicated engineering problems are involved in the design 
and selection of motors and control to secure the greatest possible 
speed in the motions and the greatest tonnage per motion that 
the fabric is capable of handling. Endurance, cost to install 
and cost to operate also are important factors in the problems. 

In handling package freight not so much progress has been 
made because of the multiplex sorting and distributing necessary 
and the great variety of forms in which package freight appears. 
However, machinery is being rapidly developed that can cope with 
the varied requirements of freight terminals and because of the 
novelty of this class of motor application it is little understood 
or appreciated as a prospective power load. 

The principal methods used in this branch of the work are: 

Storage battery vehicles, such as— 

Commercial trucks. 

Industrial or battery trucks. 

Battery truck cranes. 

Battery tractors with trailers. 
All these machines require battery charging equipments and 
consume (due to the low over-all efficiency) much more power 
than their output would indicate. From the user’s standpoint, 
however, the current consumed is of very minor importance 
compared with the advantages gained by being able to move the 
tool about, independent of anv power circuit. 

Monorail apparatus composed of trolley cars suspended from 
a single overhead rail and equipped with winches and various 
devices for lifting and carrying freight. 
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Conveyers, either fixed or sectionalized and portable; operated 
from fixed circuits or flexible cables run to nearby power services. 
These machines have simple motor and control problems and are 
becoming popular wherever quantities of packages are moved 
moderate distances. 

Derricks are used to a great extent in the loading and discharg- 
ing of ships and lighters; usually steam driven but lately largely 
actuated by portable or fixed electric winches on wharves. 
High speed with reliable braking and moderate load capacity 
are their usual characteristics and the control features are 
capable of giving greater convenience, safety and dispatch than 
the ordinary steam winch with crank throttle, foot brake and re- 
verse mechanism. 

Winches are applied in a variety of ways to warehouse work, 
wharf work and shipping in general, as they take advantage of 
the universal wire горе and hook that can go anywhere after а 
package and bring it out. 

Cranes used in package freight handling are varied in design 
and manner of doing their work. Not very largely adopted in 
this country but being more and more widely considered. A 
number of motors are required on each crane to accomplish the 
various motions with proper efficiency and in the best manner. 
Some cranes combine conveyer principles in their make-up, 
giving continuous discharge rather than intermittent drafts. 

In the improvement of any terminal the features most sought 
after are: 

Dispatch: For rolling and floating stock earn dividends only 
while in motion. The welfare of communities depend upon 
rapid transfer of the commodities that flow according to the laws 
of supply and demand. 

Increased capacity: Because freight movements are subject 
to peaks of severity and frequence, and unless able to cope with 
them, congestion often occurs of far reaching consequence and 
economic loss. 

Safety, both to persons, and property, 1s much sought after, 
as damage claims for lost, broken or spoiled freight amount to a 
huge sum and injuries to employees are of very common occur- 
rence. 

Service: It is the aim of all terminal authorities to increase the 
service rendered to patrons on account of competition and the 
new desire to cultivate the good will of the public—"' the oxygen 
for the lungs of business." 

Economy: When 1t 1s understood how great are the costs of 
freight handling as compared with freight hauling, it becomes of 
paramount importance to modernize methods to something of 
the efficiency attained in hauling. Shipping bv sea costs one- 
half mill per ton-mile, hence a difference in handling, sav from 
45с. per ton to 12c. per ton (not extraordinary), would equal the 
cost of hauling from Havana to Boston, or, if by rail at 75 mills 
per ton-mile, from Philadelphia to New York. 
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The costs of handling bulk freight have been reduced in a 
few vears from 40 to 7 cents per ton and while a reduction to this 
extent cannot be expected in package freight, nearly as good 
results have been attained in specially favorable classes and 
lessened gains in other more difficult cases. 

The electric motor possesses great advantages over any other 
known means of actuating these varied devices both for bulk 
and package work and an outline of these advantages will be in 
order. : 

(a) It transforms the energy of transmission to energy of use- 
ful motion closer to where the motion can be used than any other 
power device. 

(b) By virtue of a varietv of designs a wide range of character- 
istics are available. Some are adapted for certain kinds of 
work and others for different circumstances. Not so with steam, 
air or water as each has fixed characteristics. 

(c) Nicetv of control is inherent with electric devices. Speeds 
under the various circumstances can be determined and set in 
advance. Braking can be regulated and applied surely without 
effort on the operator's part. Acceleration is automatically 
regulated as are the various other functions of the apparatus. 
Remote control 15 easily arranged so that operators can see their 
work and even goalong withit. Motors may be widely scattered 
to do their work best but the control of all can be brought to the 
most sightly place for one man's convenience. 

(d) Power can be subdivided into comparatively minute por- 
tions without sacrificing efficiency, thus accommodating small 
power requirements so often prevailing in package freight work. 

(e) Greater speed is attainable with electric drives because of 
less effort on the part of the operator, more nearly automatic 
operation thus eliminating the personal equation and by the 
characteristics of the motor being such as to take advantage 
of every part of the cycle to increase speed. 

(f) Terminal capacities are increased by the electric motor 
through the general speeding up of movements, the use of small 
units in piling and economical stowing of goods, elimination of 
congestion periods by virtue of its capability to cope with unusual 
loads for long periods and by rendering available superimposed 
areas as contrasted with the usual ground level working area of 
terminals. 

(g) Safety goes hand in hand with electric motor methods, due 
to the automatic features, quickness of control and convenience 
of control locations. Not the least aid to safety in terminals 
is adequate lighting, though not a motor application it should 
nevertheless be more common and more intense. 

(h) Electrically equipped terminals offer greater service to 
patrons by quicker readiness to deliver and receive goods. 
Commodities are delivered with fewer damages and in more 
cleanly condition than prevails when hand methods are used. 
Reservoir effects are increased, t.e., terminals act as pools or 
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reservoirs in traffic flow and thereby render a service augmented 
by electrical machinery which increases the pool capacity and 
hastens the filling and emptving work. 

(1) The greatest degree of economy is invariably found in 
electrified terminals since motors can do for little money what 
many men ordinarily do for much money. Thev eliminate 
troubles incident to the employment of large numbers of un- 
skilled men and the use of ingenious machinery raises the 
standard of emplovees and increases their tovalty by eliminating 
the animal like drudgery common to the old terminal. 

If it were possible to do so, without more misleading effect than 
aid, some data would be added regarding watts per ton, but there 
are so many widely varying conditions, such as weight of units, 
weight of drafts, vertical distance, horizontal distance, rate of 
motion and auxiliary work such as checking, weighing and in- 
specting, that interfere with uniform results. In general, the 
cost of current is negligible as compared with the over-all cost 
of the large labor force always necessary, the overhead cost of 
terminal facilities and clerical force and the standby charges of 
floating and rolling property. However, the power used does 
aggregate a large amount when taken їп connection with ade- 
quate lighting of terminal areas and at least that part that goes 
to charge batteries 15 off-peak and very desirable. 

Motor applications in freight handling are bound to increase 
rapidly as terminals are so hemmed in by high-priced property 
as to preclude ordinary expansion, and intensive cultivation of 
present areas must follow. The electric motor is the logical 
and accepted tool for carrying on this betterment. 
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Discussion ON “ THE EFFECTIVE ILLUMINATION OF STREETS ” 
(MILLAR), DEER Park, Mbp., JUNE 30, 1915. (SEE PRO- 
CEEDINGS FOR JULY, 1915.) 

(Subject to final rerision for the Transactions ) 

G. H. Stickney: There is more difference of opinion as to 
what is the best practise in street lighting than in any other class 
of lighting problems. This is due in part to the efforts to classify 
a wide variety of demands into one or two groups of practise, at 
the same time putting the extreme emphasis on the cost. Since 
the disagreement originates with the ultimate lighting effects 
the lack of agreement as to the methods of producing such effects 
is not surprising. 

The careful analvsis presented ш Mr. Millar's paper, while 
not furnishing a solution of the problems, is an important aid 
in that direction, through clearly defining some of the funda- 
mental facts which have not been generally recognized. 

One of the most important divergences in practise is that 
between the large and small, ог the high power and low power 
lighting units. There seems to be little doubt but that the larger 
units are generally better for high intensity lighting, and the 
smaller units more economical for low intensity lighting. The 
majority of our street lighting problems, however, fall in a class 
of intermediate intensities, where there 15 considerable question 
as to which size of unit will give the best effect for the least cost. 
Good lighting can be produced from either. The latest tendency 
seems to be to follow the logical practise of applying units of 
intermediate power. _ 

We often note the tendency to measure the value of street 
lighting units in terms of their efficiencies. Although all else 
being equal, this would be a fair measure, practically, there are 
other considerations, such as, maintenance cost, adaptability, 
convenience, appearance, steadiness, etc., which often outweigh 
a considerable difference in efficiency. This has been illustrated 
in the transition from the open arc to the enclosed arc, and also 
in the remarkable spread in the incandescent cluster light, which 
despite its notorious inefhciency enjoyed an almost unprece- 
dented popularity. This cluster hghting was never viewed with 
high favor by engineers, and while it is now giving way to more 
economical and artistic single light posts its former popularity 
should be recorded as the vote of the public in favor of more 
ornamental street lighting. 

Referring again to the efficiency question, it must be remem- 
bered that today the item of electric current consumption used 
represents only about 20 or 25 per cent of the cost of street 
lighting service, so that even large gains in efficiency represent 
relatively small saving. Such gains can, therefore, usually 
be more profitably taken up in raising the standard of lighting. 

The practise of oiling the road and street surface has had a 
very important relation to street lighting practise. Due to 
the blackening of the surface, streets which were formerly quite 
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satisfactorily lighted become dull and dingy looking. While 
the glint effect of such streets is valuable to the automobilist in 
discerning objects, the black surface absorbs so much light that 
it is very difficult to produce a pleasing and cheerful lighting 
effect and much more light is required than in the case of light 
colored pavements such as asphalt. It can hardly be expected 
that the color of pavements will always be selected to facilitate 
street lighting but there are many cases in which it would be 
desirable to consider the street lighting in this connection. 

Dugald C. Jackson: This paper is, I hope, a forerunner of 
other papers to be given at joint meetings of the two societies 
which are here tonight. Papers of a similar nature have been 
given by Mr. Millar and other authors before the meetings of 
the Illuminating Engineering Society, but these papers have not 
been given the general attention of electrical engineers that the 
subject warrants. 

There are certain features of this paper which impressed me 
very much and of which I will speak. To begin, the paper refers 
to the change of attitude of engineers who have to do with street 
lighting, which has turned them from the enclosed series arc 
lamp to other tvpes of lamps, and for myself I want to express 
very great satisfaction in that. I have always believed that the 
enclosed series arc lamp (especially when operated on alter- 
naling current) was one of the mistakes of electrical engineers, 
and that it arose by allowing the question of the cost of main- 
tenance of a particular machine or piece of apparatus to take the 
place of consideration of the real effectiveness of its service. 
Fortunately electrical engineers and others are now turning 
their attention to more satisfactory illuminants, 1.6., more 
satisfactory when judged broadly, and not solely from the stand- 
point of how many hours a particular lamp may be burned, or 
how much labor may be requisite to maintain the structure. 

On the other hand, I believe we are likely to be misled by the 
charm of simplicity in the Mazda lamp and perhaps go too far 
in utilizing the slightly yellowish light for illuminating important 
streets. Certainly in the great streets of our cities most in- 
dividuals are more pleased with the white light than with the 
yellowish light. There is no question about the possibility of 
lighting streets and roads with Mazda lamps of large candle 
power very satisfactorily, but a white light is to most of us more 
satisfactory, more enspiriting, which is a feature of real import- 
anceina city street in the major business district. The yellowish 
light, however, probably serves the purpose with full satisfaction 
in the residence and also perhaps in less occupied business streets. 

In my opinion, the question of large versus small units will 
work itself out. I am convinced, that the large units are bound 
to be used for the important streets of a city. The American 
cities must, like the foreign cities, become convinced that they 
need floods of illumination in the regions of great mercantile 
activity, although they do not need so much light elsewhere. 
To secure real flood illumination, large lamp units must be used. 
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There are few objects more graceful and beautiful than a pair 
of fine white Hyhts on а graceful post, when these lights 
are properly protected by a fairly large white diffusing 
globe—the globe being large enough so that any spot т 
the tremendous amount of light that тау be given off 
mav not have any serious effect on the eve. On the other 
hand, there are cases where sincere effort has been made 
to get rid of glare according to the mistaken ideas of 
some man who put up the svstem, in which rows of large intense 
lights, with diffusing globes, placed 22 or 24 feet high, 150 to 250 
feet apart, down miles of road make a nightmare to travelers on 
account of the phvsiological effect of the continuous rows of illum- 
inants on each side, which affect the eve with great discomfort. 

One of the most pleasing results of the recent work of illumina- 
ting engineers in this countrv is the attention whichisbeingturned 
towards the use of graceful lamp posts in the cities. I here 
avoid the use of the words ''decorative posts," because the 
phrase '' decorative lighting " has covered such a multitude of 
sins by wav of ugliness during the last few years. Graceful 
posts are coming into style. The old mounting of an arc lamp, 
or some other lamp, on a strip of iron, fastened by a lag screw 
to a crooked wooden pole, which otherwise carried crossarms 
and wires, was a poor sort of expedient for supporting the street 
lights, and if our cities can recognize the worth of,and spend the 
money necessary to secure graceful posts, Iam sure that they 
will be improved and made happier as places for living. 

Н. Г. Wallau: In the last illustration, which is very interest- 
ing, we got two points of view, the wrong and the right. We 
saw the effect of the lamp placed on the wrong spot, and also 
saw the effect of the lamp placed on the nght spot, but the impres- 
sion one got. was intensified by the fact that the silhouette effect 
aided the last demonstration; іп other words, I am sorry we could 
not have had three steps, one with the light as originally shown, 
the second step with the light on the outside of the curve, but 
in the same direction crosswise to the road, so that the automobile 
would still have been behind the light. There must be positions 
on that curve when the oncoming machine would be back of 
the light, although the light would be on the far side of the curve. 
The general effect could then be better judged, if we had the 
two positions to guide us ш forming our opinion. 

Walter R. Moulton: Referring to the discerning of surface 
irregularities in streets, I have in mind one interesting example 
in Baltimore where a water-front street about 100 ft. wide 1s 
paved with Belgian block and is hghted by means of luminous 
magnetite arcs on standards located on safety islands down the 
centre of the street. The rough spots in the street are brought 
out verv distinctly bv the shadows cast and also by the increased 
intensity of illumination on the face presented to the source of 
light. Because of the nature of the paving, one would hardly 
expect to find surface reflection, but objects do stand out in 
silhouette as the granite blocks are worn quite smooth and there 
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seems to be reflection from each individual block. The condi- 
tions of this street also illustrate very forcibly the advantage of 
lights on one side of the roadway only as this condition is quite 
analagous to such a road. 

The effect of street paving on the illumination of a street was 
very plainly shown when the paving on both Howard and Eutaw 
Streets in Baltimore was changed from Belgian block to sheet 
asphalt. The location of luminous arc lamps was not changed 
but after the completion of the asphalt paving the lighting condi- 
tion of the street seemed to be greatly improved. Another in- 
teresting effect of street surface 1s found on the Fallsway, which 
is a new concrete structure. The entire surface of the road, the 
sidewalks and a three-foot wall on either side are of concrete 
and lighted by means of luminous magnetite arc lamps similar 
to the downtown business streets. This roadway has been in 
use about nine months and at the present time has absolutely 
no specular reflection from its surface. Тһе surface of the street, 
however, seems very well illuminated and the diffuse reflection 
from the light colored surface seems to replace specular reflection 
very well in improving the apparent illumination of a street. 

Specular reflection from the surface illumination is important 
in other outdoor lighting than street illumination. There is а 
large municipal bathing pool in Baltimore, covering over two 
acres, which is used at night as wellasin the daytime. А number 
of incandescent lamp standards are located around the pool 
and also on platforms and pedestals in the centre of the pool 
itself. The general illumination is very good, but ability to see 
objects on the surface of the water 1$ entirely due to the specular 
reflection of the lights on the surface. 

The excessive brightness of a prismatic refractor unit combined 
with a high candle power lamp 1s forcibly illustrated by the diffi- 
culty experienced 1n attempting to photograph such installations. 
Would this not indicate that such units are brilliant enough to 
interfere considerably with vision and would it not also seem 
to point out that their size should be increased? 

The commercial value of lavish application of street lighting 
in the downtown section is well illustrated in Baltimore where 
over 1000 luminous magnetite arc ‘‘white-way”’ lamps have been 
installed. At night the business section of the city is made 
very prominent, it shows up quite strongly from the hilly sec- 
tions surrounding the city and especially so from the bay. The 
illumination in the sky from a distance is quite strong and the 
tall buildings stand out quite prominently against the sky as the 
entire face of the building is illuminated. 

This latter feature of lighting the building fronts is one that 
should not be overlooked. The civic buildings, namely the Court 
House, Post-office and City Hall are located on three consecutive 
blocks with wide streets on either side and a plaza on each end and 
between each building. There are several well designed office 
buildings facing the civic buildings. The generous use of white- 
way lamps in this section makes these buildings quite prominent, 
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especiallv as they are of light colored stone, the Court House 
being of white marble. This section is made really more at- 
tractive at night than it is 1n the davtime. 

The aesthetic effect of lighting standards or posts throughout 
the citv is quite important. If possible one typical design should 
be carried out. In Baltimore a special design standard was 
developed for use with the luminous arc white-wav lamps. 
This same design has been later carried into the residence sections 
for use with the incandescent lamps and round globes and it has 
also been carried into the parks. "There are a great number 
of bridges 1n and around the citv and this same design standard 
has been scaled down and is to be found along the side wall of 
bridges. Thus there 1s a harmonious effect produced that is 
verv pleasing. А contrast, however, has been made in Roland 
Park, an exclusive suburban section, where a special design 
corner post has been developed, supporting a rustic lantern and 
also supporting name plates for each street. 

The beautv spots of a citv can be made prominent and their 
artistic value greatly enhanced by good street lighting. This 1s 
especially true of the small squares and parks to be found in anv 
large city. The bright street lighting surrounding the small 
park serves as a backyround against which the dark foliage of the 
trees shows up very strongly in silhouette. Often a dainty 
lace-like effect is obtained. The lights in the small park itself 
serve very well to bring out the beauty of well-formed trees or 
banks of shrubberv. "The variations of light and shade are such 
as to make the park of untiring interest. 

H. H. Magdsick: Mr. Millar has shown clearlv what factors 
determine the effectiveness of the illumination in streets with 
characteristics tvpical of our main thoroughfares. For such 
streets, where the requirements of the driver of a vehicle form 
the major consideration, the importance of these factors can 
scarcelv be over emphasized. The discussion would not appear 
to applv with equal force to most residence districts, which con- 
tain a large proportion of the total mileage of streets we have to 
light, where the safety and convenience of the pedestrian are 
primary. In serving these the incident light is of far greater 
importance than 1n the other class of streets and the silhouette 
effect, specular reflection from street surface, etc., are of lesser 
value. With the funds now available for street lighting in some 
cities a sufficiently high intensity can be provided at all points 
on the street to meet these requirements satisfactorily when 
modern equipment 1s emploved. 

It is pointed out in the paper that a bright light source inter- 
feres with. vision most when the angle of separation between the 
light source and the surface viewed is small. This effect is to 
some extent decreased by mounting the unit at a greater height; 
but considerations of cost, inefficiency and possible obstruction 
of light, limit this method. It is not generallv recognized that 
much the same result can be secured bv the use of prismatic 
retractor equipment so installed as to direct the maximum c.p. 
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at an angle of, sav, 70 deg. from the vertical, with a considerably 
reduced intensity at the higher angles, which are viewed when 
the angle of separation from the illuminated surface is small. 
The use of this equipment likewise increases the brightness of 
the street surface. А sufficient intensitv is still emitted at the 
higher angles to satisfy the desire for some brightness in the il- 
luminant and to aid vision when specularly reflected, however, 
it should be borne in mind that only certain classes of street 
surfaces reflect specularlv to anv considerable extent. А studv 
of the streets in many large and small cities has shown that this 
is a negligible factor 1n the illumination of a large proportion of 
the total. 

In Table 11 the average life of series Mazda C lamps under 
correct operating conditions is given as 1000 hours. It may be 
noted that while the manufacturers have made guarantees on 
this basis to cover a large range of street lighting circuits and 
operating conditions, the actual performance in service as re- 
ported in the technical press and at а convention of electrical 
associations shows that the manufacturers' rated life of 1350 1$ 
conservative. 

W.H.Pratt: There is an observation which I have made, and 
which has rather been thrust upon me in reference to street 
lighting, which I would like to offer for what itis worth. There 
is a strip of boulevard, some four or five miles long, over which I 
frequently drive in the evening, and it is illuminated so that it 
works satisfactorilv, so far as the visibilitv of objects on the road 
are concerned. The sources of illumination are moderate sized 
units, spaced verv regularly. I find that when somewhat tired, 
especially with driving over this road, there is a very painful 
effect, due apparentlv to the verv regular passage of sources of 
light before the eves. I wonder if this might not be a factor 
at times to be considered in determining whether large or small 
units shall be used. The effect is very noticeable and some- 
times is really extremely painful. I can easily understand how 
under the circumstances a driver might be led to make serious 
mistakes from that cause. It has a somewhat hvpnotic effect, 
definitely associated with the very regular passage at rather fre- 
quent intervals of the light sources through the field of vision. 

John B. Whitehead: We have been shown in very convincing 
and beautiful fashion the importance of specular reflection and 
the value of a highlv reflecting surface in streets and roadways. 
I notice in all the pictures and 1n the model that the light sources 
are still visible, although in manv cases the intrinsic brilliancv 
is reduced by diffusing globes. Nevertheless, the lamps are 
conspicuous, and I have vet to see a globe which does not in 
some measure give the disagreeable impressions generally as- 
sociated with glare. I remember also that when Mr. Millar 
showed us a lantern slide in which an attempt was made to 
illuminate a road with concealed sources, the slide indicated that 
the result was an extremely poor one and not to be compared 
with that which had been obtained by these methods which he 
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endorses. The question arises, as to whether the distribution 
curves of vanous reflectors which conceal the source completely 
have been studied in their relation to the angle of incidence of 
the light upon the road surface. In other words, would it not 
be possible to get a considerable amount of scattered reflection 
at high angles of incidence? 

Peter Junkersfeld: Most of our discussion this evening has 
been on the illumination of streets, largely from the viewpoint of 
the pedestrian on the street, or the people using automobiles on 
the street, or the general illumination of the street. There is 
one other party whose interest should be considered, and that 15 
the resident along the street, and particularly the resident whose 
home 15 opposite some of these high candle power lamps. I have in 
mind aninstallation of 3000 or 4000, 600-c.p. type С Mazda lamps 
in Chicago, installed under the direction of Mr. Ray Palmer. That 
system of lamps was installed on tubular iron poles, using tubular 
iron poles also between the poles supporting the arc lamps, and 
the lighting is уегу satisfactory from the standpoint of street 
illumination. A great manv complaints, however, have arisen 
from residents on the street. These high c.p. lamps shine into 
the second and third story windows, particularly in the summer 
time, when people do not want their shades down, but want them 
part wav up, so that they can get as much air as possible, and it 
is quite objectionable from their standpoint. Many complaints 
have come in and in some places the residents along the street 
have taken matters into their own hands and painted the sides 
of the globes. It finallv resulted іп the passage of an ordinance 
under which anv resident along the street may have a special 
shade put on the lamp bv paving $2 per lamp and $1 per year 
in advance for the maintenance of the shade. It probably is 
not sufficient to cover the cost, but serves as a deterrent against 
unnecessary shading. The lamps are mounted on poles, 25 ft. 
above the surface of the street. 

In other sections of the сцу where wires are put under ground 
by common consent the small unit lamps on low poles, 10 or 12 
ft.'high, have been installed, and that system, from the point of 
view ofthe residents, is verv much more satisfactory and at 
the same time gives very good street illumination. 

I would add a word to what Mr. Stickney said and possiblv 
also to what Prof. Jackson said, and that is, after all, this whole 
matter of street lighting must be a matter of compromise. There 
are manv other things which are to be considered besides illumina- 
tion. The staggering of lampsimproves theillumination in many 
cases. That means, however, considerable increase in cost in 
installation, whether the wires are overhead or underground, 
because the wires must cross back and forth across the street, 
or else there will have to be two lines of poles. "There are a 
great many other factors of that kind that must be taken into 
consideration in every individval svstem. 
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Allen T. Baldwin: In the author's paper, in the paragraph 
entitled “ Power of Lighting Units," reference is made to the 
depreciation in c.p. of the flame arc and multiple Mazda lamps. 
A depreciation of 20 per cent to 25 per cent is claimed for each 
unit mentioned. Insofar as the enclosed type of flame arc lamp 
is concerned, we have found at our laboratories that 15 per cent 
to 20 per cent 1s the average depreciation when measured as the 
part of the total light flux that 1s lost through absorption bv 
dirtv glassware. For white flame carbon the lower value is 
nearer the true average. 

The light absorption arises from two causes—the etching of 
the globe and the adherence to the globe of deposits from the 
arc. The loss of light as the result of etching is the smaller loss 
of the two. It will probably not exceed 5 per cent to 10 per cent, 
and a test recentlv completed on a globe that had been in service 
over 700 hours showed that it was capable of transmitting 96 
per cent of the light transmitted by such globes. The test was 
made in such a way that this loss was that known to be due to 
etching alone. Studies have shown that the etching and deposits 
are least in that part of the globe where it 1s desirable to have the 
best light transmission.- At the end of the trim life the loss at 
80 degrees from the vertical is approximately 5 per cent, while 
at 10 degrees from the vertical the loss approaches 40 per cent 
or more. 

A comparison of the distribution curves of the lamp at the 
beginning and end of the life will show that the distribution has 
been changed in a beneficial wav. The deposit in the bottom of 
the globe acts as a reflecting surface and extends the values along 
the horizontal at the expense of the light directly along the 
vertical. These facts point out that the c.p. depreciation is best 
determined as the loss of total light flux rather than that in any 
given direction. In reality the increase in efficiency of the lamps 
gained by eliminating globe etching and deposit would hardly 
be enough to warrant more than passing attention. 

In connection with this subject it is interesting to note that 1t 
seems to be an inherent tendency of white flame carbon to give 
an increase in c.p. as they are consumed, but not to a sufficient 
extent to counteract the losses just referred to. 

L. D. Nordstrum: The point Mr. Jackson brought up in ге- 
gard to the difference in illumination which might come about 
when different types of lamps were used, I have had brought to 
my attention several times in the fact that we have two different 
installations in Fort Wayne, practically a duplicate form of 
installation outside of the light sources used. The old lighting 
system used the usual type of single unit placed on street corners, 
usually in the center of the street. Some two miles of the main 
streets were changed over to what we called ornamental lighting. 
The poles were placed on the curbs on each side of the street and 
staggered. They carried a double crossarm with a lamp on each 
end and a fifth lamp in the center of the pole with 100-watt 
Mazda lamps in each globe. This had been installed about a 
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vear, and then for about the same distance a new form of light- 
ing was carned out, the same method of pole installation, the 
poles about the same height,in which we used 4-ampere magnetite 
lamps. I think that evervbodv is agreed that the magnetite 
installation gives much better illumination. Something like 
seven or eight months ayo we had in the evening a very dense 
fog. These two installations happen to be along the same 
street, so that thev could be compared, and in this dense fog the 
Mazda light seemed to be entirely blotted out. You could see 
the Mazda lamps about a block away. Going down that portion 
of the street where we had the magnetite installation you could 
see the magnetite lamps strung out along the street a fairly good 
distance awav, for several blocks, at least, whereas with the 
partially yellow light in the Mazda lamps the illumination was 
not nearlv so effective. 

С. E. Stephens (communicated after adjournment): The 
application of electrical energy in the production of street 11- 
lumination, to mv mind, 1s one of the most important subjects 
for consideration by scientific associations. More than any other 
piece of electrical apparatus, the street lamp is in the public eve. 
Its importance 1$ not due to the value of this character of load 
as a market for electrical energy, but to the good or bad indirect 
effect on the electrical industrv, resulting from whether our street 
lighting installations are good or bad. 

Referring to possible improvements in street lighting, it seems 
to me that greater improvements can be expected in the im- 
mediate future, from a more scientific application of available 
light sources, rather than from radical improvements in the 
efficiency of available light sources. While the efficiency of 
light production is extremely low, the power cost is also relatively 
low when compared to the capital charges for interest and depre- 
ciation on the fixtures, transmission, etc., and other items of cost 
that must be included. A further improvement in efficiency of the 
source of hyht would have to be very great in order to materially 
reduce the present cost of lighting. [t is, therefore, a fitting time 
to carefully analvze the application of the source and to secure the 
most illumination possible from a given flux or volume of light. 

Let us hope that such investigations as are at present being 
carried on bv the electrical industrv can be continued, to the end 
that a standard of street illumination. will be set which will 
secure ample visual discrimination, with comfort, and a mental 
activity, necessary for safety; and further that the time will soon 
come when the doctors will agree. 

Preston S. Millar: Professor Jackson has emphasized the 
possibilities of further intensive study and development in the 
illumination field. His point appears to be well taken. Those 
who have visited the Exposition at San Francisco have derived 
a great deal of inspiration in this connection. 

Replving to the question regarding the measurement of 
effective brightness, it should be stated that the measurements 
were made about five years ago and were rather crude. After 
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a few trials, we determined the usual angle of an automobilist’s 
view of the street surface, arriving, 1f my recollection is correct, 
at two degrees as a typical angle. With a photometer we then 
measured the brightness of arbitrarily selected patches of street 
surface at such angle. 

Due to the great increase in automobile traffic during these 
past five years and to the more general adoption of modern 
pavements, the departure of the brightness curve from the curve 
of incident light 1s probably now greater than was found to be 
typical five years ago. 

Mr. Moulton has shown that the prismatic refractors employed 
in Baltimore are so bright as to spoil the photographic effect 
by reason of excessive halations. It would appear to be proper 
to ask if these refractors are not also so bright as to spoil the 
illuminating effect. In one of the views which he has shown 
there is an illustration of the lighting of a public building by 
magnetite lamps along the curb. It is to ke observed that the 
lower stories of the building were lighted nicely, but the upper 
stories were not well lighted. If these lamps could be moved 
across the street from the building, securing a greater distance 
and a better angle of incident light, the general lighting of the 
front of the building would probably be better. 

Mr. Magdsick has dwelt upon the point of view of the pedes- 
trian as opposed to that of the automobilist. I am not sure 
that these viewpoints are essentiallv different. In the proposed 
hghting of a Cleveland street which he has described, I think 
we arrive at that class referred to in the paper in which aesthetic 
considerations are of first importance. In such problems most 
of the questions discussed in the paper are of relatively less 
importance because there is so much light available that appli- 
cation to secure the best visibility 1s unnecessary. 

Dr. Whitehead has suggested that it might be possible to 
obtain the advantages which come with specular reflection 
from street surface and still avoid all glare effect. I think he 
wil find that in cases where we have to take advantage of 
specular reflection the spacings are so great that light must be 
allowed to emanate from the lamp at such a high angle that it 
will produce some glare. When the spacing 1$ so short that the 
glare effect can be suppressed, there is so much light that ordinary 
exposure of lamps in diffusing glassware does not produce much 
glare. The work of Mr. A. J. Sweet mav be consulted with 
profit in this connection. 

Mr. Junkersfeld’s citation of objection on the part of residents 
to light on the upper stories of houses 1s mentioned in the paper 
as well. 

Mr. Baldwin implies that the depreciation during life, shown 
for flame arc lamps is a bit too high. We have received criticisms 
from others that it is a trifle too low. И we may be permitted 
to average these criticisms, we will conclude that the figures 
shown in the paper are probably substantially tvpical. 
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4. 


Discussion ON “ APPLICATION OF ELECTRICITY TO THE ORE 
HANDLING INDUSTRY,’ (GILPIN), CLEVELAND, OHIO, MARCH 
18, 1915. (SEE PROCEEDINGS FOR MARCH, 1915.) 
(Subject to final revision. for the Transactions.) 

D. В. Rushmore: Іп the handling of ore and in the handling 
of a great many commodities by mechanical means, and we will 
suppose the electrically driven, it 1s very interesting to try to 
find the economic reason for the application of the electric motor. 
Itisalmost a general rule that a factory having economic functions 
is going to go forward absolutely regardless of opposition or 
point of view. 

The electric motor in coal or ore handling performs an oper- 
ation that is a little difficult to explain, unless one see the picture. 
The actual handling of the ore is a very small part of the industry. 
It is one of the great number of links between the making of the 
steel here and the man running a Ford jitney bus down in Los 
Angeles. In that long process of handling of the ore there is 
a series of events. The cost of handling the ore is one factor, 
the time involved is another, but most important of all—and 
this has a very general application—is the increase in capacity. 
Consider the boats plying back and forth on the lakes, and the 
old wav of unloading them with wheel barrows; the length of 
time thev were tied up at the docks, compared with the present 
way of unloading them. If the present wav was much more 
expensive per ton than the old one, it would still have a very useful 
economic function and would still pay. Now, the very interest- 
ing detailed points brought out in Mr. Gilpin's paper are worthy 
ofdiscussion. It would be interesting to know the cost of the dit- 
ferent operations, the cost of the electric way; the electric motor, 
direct current and alternating current, compared with the alter- 
native wavs of handling. One of the most uninteresting things, 
or one of the things that make engineering perhaps rather unin- 
teresting compared with the legal profession, and to a certain 
extent medicine, is that the results are not a matter of opinion, 
but a matter of figures. There are very few of these results, 
уегу few of these questions that can not be definitely figured, 
and as the figures are there, it is not a matter of discussion. 
We have the accurate data and an accurate method of perform- 
ing a test. 

Now, my idea in saying these few words was to show where 
this very interesting function of ore handling stands in our 
general economic life and stands as a particular function in the 
handling of commodities; the one place where, by a careful 
analysis of cost, there is possible a greater opportunity for 
saving and a much greater opportunity for saving by increased 
capacity, than in any particular field that is open to engineers. 

D. М. Petty: I would like to ask about the relative cost of 
a motor-generator set and svnchronous converter for sub- 
stations of this kind. I suppose the author has in mind an 
induction motor-driven generator in connection with a flywheel. 
I would like to know whether that is more efficient than a syn- 
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chronous converter combined with a balancer set and if the 
author has any idea of the relative first cost; also if any of the 
members have had much experience with series motors both 
interpole and non-interpole. There has recently come to my 
attention the possibility that the interpole series motor is not 
doing dynamic braking as satisfactorily as the non-interpole 
motor. 
_В.Н. McLain: Regarding the method of figuring motors 
described, I think it might be interesting to some of those present 
to refer to a paper which I prepared last June for the Detroit 
meeting in which I pointed out a method for determining the 
work on trolley motors and determining the proper method to 
gear them. Therein are certain curves plotted between time 
and distance for various maximum gear speeds, and I believe 
their use would eliminate a lot of the tedious work in figuring 
out proper trolley motors so as to take full advantage of their 
accelerating possibilities. I won’t go into the details of that 
now, but it is explained in my paper. 

There is a word I would like to say about heating in motors. 
I think it is the general experience that an enclosed motor of 
the same weight and approximately the same cost as an open 
motor wil do the same work for possibly an hour, or some- 
thing near that, which an open motor will do continuously. 
It depends somewhat on the ventilating characteristics, the 
speed of the motor and other things, but that is a fair 
rule for a lot of the motors used in this kind of work. It is 
certainly an advantage to use the open motor for this reason, 
even going to extra expense for protecting the open motor in 
order to permit it to be used where possible. 

About the root-mean-square method of choosing motors, I think 
it 1s about time that this method was eliminated except for very 
approximate work,because the losses of a motor do not makea per- 
fect parabola, and that assumptionis what the root-mean-square 
method depends on. Furthermore, the dissipating effect of a 
frame varies whether it is enclosed or open with the amount of 
windage inside of the motor, also whether the motor is turning 
over or standing still. An enclosed motor will have a smaller 
difference of temperature between its frame and its windings 
if the motor is running and keeping the frame hot, so to speak; 
for with the motor at standstill, the heat inside can not get out 
so well. A great deal of work has been done along the line of 
determining just what motors will do under these varying con- 
ditions and it is actually true that, because of the expertness 
that bridge builders have arrived at in the figuring of their 
duty cycles, it is possible to predict that a certain motor will 
not exceed a certain temperature rise. You can also predict 
the temperature it will attain on a complicated duty cycle. 

I am sorry that the author did not go further into the analysis 
of costs on some of these a-c. problems, especially the a-c. car 
dumper on low speed. We are told that for most hoist work, 
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the a-c. outfit would cost less than a d-c. outfit. [n mine hoists, 
а-с. motors are used to great advantage and I would like to 
ask, if the author has time, that he ро somewhat more closely 
into the analvsis of a-c. car dumper costs. 

H. D. James: In the past electrical engineers responsible 
for electrically driven apparatus have had trouble because of 
the careless work that has been done in the selection not only of 
the mechanical parts, but also of the electrical parts. 

I wish to read one portion of Mr. Gilpin’s paper. 

“ With reyard to electrical troubles which may be experi- 
enced with an ore handling plant as a whole, the writer has found 
that most of them come from a piecemeal method of design 
which often prevails. The purchaser of machinery for a dock, 
for instance, will sometimes buy the unloading equipment from 
one concern, the stock pile gantry from another, while he will put 
in the substation apparatus and the contact rails himself. In 
this way the various parts do not always match as they 
should, and in some cases the substation is not of a design which 
is well adapted to keeping the power bills at a minimum.” 

I might go further and say that very often the purchaser buys 
the several parts of an electrical equipment from various concerns 
without giving each concern the necessary information regarding 
the other apparatus, and sometimes it is very difhcult to get 
that apparatus assembled. I would like to speak of an incident 
that happened some eight years ago. The United States Gov- 
ernment found that it had a great deal of concrete to handle in 
the Panama Canal and at either end it adopted two methods 
of handling the materials for making this concrete. At one end 
Mr. Gilpin did the engineering work on the outfit and 1t was so 
well done that the enyineer in charge of that work told me there 
was very little trouble throughout the handling of that concrete. 
The trouble with the handling at the other end was not the 
scheme, I am satisfied. It was because of the lack of proper 
engineering in the working out of details of the scheme. I men- 
tion this fact to show that in one case an electrical equipment 
was condemned and in the other case it was praised. The 
equipment was furnished by the same manufacturing company 
and I believe the large difference was in the engineer who designed 
the apparatus. 

Mr. Gilpin speaks about interpole motors and also a question 
has been raised about interpole motors and dynamic braking. 
I think a great deal of the criticism of the interpole motors has 
been unjust. The interpole motor is a specialized design. It 
can be designed to handle dynamic braking even better than 
the non-commutating pole motor, but you can't go to the shelf 
and take an interpole motor designed for continuous operation 
in one direction and apply it to dynamic braking. Ц is only 
fair to the manufacturer of that motor to tell him what you 
are gaing to do with the motor and get his recommendations. 

In reference to motor-generator sets and synchronous con- 
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verters, I think that it is largely a question of charging for power. 
Our central stations are becoming more reasonable in their 
demand because they realize the advantage of these all-day 
loads; but the method of measuring power is a considerable 
handicap today. I believe that advances are being made and 
I hope in the near future we will have a better method. 

H. F. Stratton: I would like to see a definition of the limits 
of successful commutation of mill motors. The processes of 
acceleration, reversal and dynamic braking constitute the 
majority of the operations of mill type motors. In all of these 
operations, current peaks must be employed and in order that 
time may be conserved to a reasonable extent the peaks should 
be higher than the normal full load rating of the motor. Com- 
plete and definite information is available as to the character- 
istics of the motor insofar as heating, torque, speed, efficiency, 
etc., are concerned; but it has been my experience that these 
characteristics frequently are of less importance than the ability 
of the motor to commutate. I know of no definite information 
which will enable anyone to say under what conditions of speed, 
how much current may be successfully commutated on any given 
type of mill motors. This lack of information does not involve 
merely a theoretical demand. It seems to me that, to make the 
information completein regard to the application of mill motors, 
definite information as to commutating limits is fully as 
important as the information in regard to heating, torque, speed, 
friction and so forth. 

К. R. Selleck: Mr. Gilpin laid particular stress on the 
proper selection of the form of electrical energy which should 
be used for coal and ore handling machinery; that is, whether 
it should be alternating or direct current. This is a very trouble- 
some question to every one who has anything to do with the 
designing of coal and ore handling machinery. The electrical 
engineering problems involved in coal and ore handling 
are special, and require experience along that particular 
line of work, but the builders of electrical apparatus very often 
in their frantic attempts to get business will take a stand when 
they are not familiar with all of the conditions which must be 
met in a particular application and thus sometimes may advise 
a customer wrongly. Personally, I agree with Mr. Gilpin that 
a-c. motors are not adapted for high torque work, such as found 
on coal and ore handling machinery; but of late there has been 
considerable argument on this point and, of course, the question 
always resolves itself into which form of electrical energy will 
prove the most economical, notwithstanding the fact that 
Mr. Rushmore has stated, that all these things could be reduced 
{о а mathematical formula. However, there may be a difference 
of opinion in the assumptions made, and sometimes using one 
man’s opinion as a basis 1{ will figure out that alternating current 
is the better proposition; and using another man’s opinion, it 
will figure out that direct current is the better proposition. 
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р. М. Petty: The question with regard to interpole and non- 
interpole motors is not how an interpole motor should be built, 
but refers entirely to the present mill motors as thev are built. 

J. С. Lincoln: I would hike to ask something of the details 
of the method of obtaining the braking in alternating-current 
motors. [ understand you to sav that a small motor-generator 
is provided and direct current is introduced into one phase. I 
would like to yet some of the details of how the rest of the braking 
process 1s handled. 

As stated in the body of the paper, the motors considered 
are not over 15 or 20 h.p., used on freight elevator work and 
for small hoists. Оп these motors, the important consideration 
is not efficiency; but is reliabilitv, simplicity and freedom from 
line disturbance. 

I will agree with Mr. James that when we get into work where 
larger motors are used and where efficiencv of the motor becomes 
an important consideration that the high resistance squirrel cage 
motors I have described are not the best thing that can be used. 
On the other hand, I am sure Mr. james will agree with me that 
for the tvpe of motors considered 1n the paper, the squirrel cage 
motors from a practical standpoint, have decided superiority 
over the wound-rotor tvpe. The paper makes it clear that the 
torque per ampere is higher in the squirrel cage motor than it 
isina wound-rotor motor when lifting the same load. Therefore, 
from the standpoint of the central station man, assuming that 
the motor must exert 1ts maximum torque, the squirrel cage 
motor will produce less line disturbance than the wound-rotor 
motor when doing the same work. 


“” 


3068 CONTACT SYSTEMS [July 1 


DISCUSSION ON '" UNPROTECTED Тор-Сомтаст RAIL For 600- 
Мот TRACTION SvsTEM " (JONES), “THIRD RAIL AND 
TROLLEY SYSTEM OF THE WEST JERSEY AND SEASHORE 
RAILROAD ” (DUER), “ CONTACT SYSTEM OF THE SOUTHERN 
Расіғіс COMPANY, PORTLAND Division " (LEBENBAUM), 
“ CONSTRUCTION AND MAINTENANCE COSTS OF OVERHEAD 
CONTACT SYSTEMS ” (AMBERG AND ZOGBAUM), “ CONTACT 
SYSTEM OF THE BUTTE, ANACONDA AND PACIFIC RAILWAY ” 
(Cox), AND “ CONTACT CONDUCTORS AND COLLECTORS FOR 
ErEcTRIC RAaiLwavs " (Hixson), DEER PARK, Мр., ] сту 1, 
1915. (SEE PROCEEDINGS FOR JUNE AND Асссѕт, 1915.) 

(Subject to final revision for the Transactions.) 

L. D. Nordstrum: I want to ask Mr. Duer if he experienced 
any particular difficulty due to corrosive action of the sodium 
chloride solution in removing the sleet? 

J. V. B. Duer: On the insulators or on the rails? 

L. D. Nordstrum: On the rails. 

J. V. B. Duer: No, we have not, probably because we do not 
use it in any very great quantities, and do not use it very fre- 
quently. We tried a solution of calcium chloride to discover 
just what solution seemed to be the best to use. We made some 
experiments to see what the action was on the insulators, and 
also as to the effect of the calcium chloride on the sleet. We 
found that under our conditions that 1200 specific gravity 
seemed to give the best results. А higher gravity, while it 
melted the sleet quickly, would create a conductive film over 
the insulators which eventually ate them out. That was the 
only test we made to ascertain the composition of the solution. 
We also found that heating the solution had a verv much better 
effect on the sleet. Our tests with the solution cold did not give 
nearly as good results as thev did with the solution hot, it is not 
really hot, but warm, 100 deg. fahr. or thereabouts. 

G. H. Hill: It is especially interesting to compare the cost 
data, which 1s given 1n such detail as to permit of considerable 
analvsis. Making due allowance for the variable cost of labor 
in different localities and for the different amounts chargeable 
to freight and to local conditions, such as traffic requirements, 
etc., the cost given for overhead contact system and for third 
rail contact svstem are remarkably near to the same figure. 
From the data given it appears that a single-track overhead con- 
tact system with wooden poles and the usual amount of sidings, 
yards, crossings, etc., costs in the neighborhood of $3000 per 
mi. when erected under traffic conditions. This closely agrees 
with the cost of an over-running third rail without protection and 
represents practically the minimum cost of either type of col- 
lection system built for heavy traffic and with due regard to 
reliability required for heavy railroad operation. The overhead 
collector system should include a certain amount of feeder in order 
to be comparable with the usual weight of third rail, and the use 
of wooden poles 1s perhaps questionable in manv localities. For 
localities subject to snow and sleet the third rail should be pro- 
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tected. From the data given it is safe to assume that an over- 
head collector system with a reasonable amount of feeder copper 
and steel poles will cost in the neighborhood of $5000 per mi. 
and this compares with an underrunniny protected form of third 
rail. 

Where there 1$ more than one track and steel overhead bridges 
are required for the overhead contact system and where the 
voltage of the system is high, such as is required for heavy rail- 
road conditions, the cost of both the overhead system and under- 
running protected third rail system will approach $6500 per 
mi. While the cost mav vary between the third rail and over- 
head under local conditions the agreement is sufficiently close 
to remove cost as an argument for either system. The data 
presented also indicate that the cost of maintenance is so near 
the same for overhead and third rail svstems that this is not an 
effective argument for or against either svstem. The choice, 
therefore, of the contact svstem must be made on the basis of 
reliability, capacity, convenience and appearance. 

On the score of reliability, the third rail has undoubtedly 
heretofore been considered superior, but recent overhead con- 
structions have been so much improved as to make the overhead 
system at least the equal of the third rail on this score. This 
is especially true with regard to the higher voltages. The 
proximity of the rail to the ground and the rolling stock reduces 
its reliabilitv to some extent on account of the possibilities of 
flashing and grounding. 

Similarly the third rail has had the best of the argument in 
capacity and for 600 and 1200 volt systems it still has the bulk 
of the argument in its favor on this point, when heavy traffic 
is considered. Recent developments in overhead svstems have 
demonstrated that its capacity can be made ample for the very 
heaviest requirements when the voltage is raised to 2400 or 
above. There has been a considerable amount of misunder- 
standing, with reference to overhead contact systems and col- 
lectors and it may be interesting to review the history of this 
development briefly. 

The earliest form of overhead collector, aside from the well 
known trolley wheel, was the sliding form of contact used abroad. 
This was usually a very light contact pressing against the 4/0 
or similar contact wire without lubrication. It was found that 
unless the pressure was kept verv light the friction was very 
great and when this tvpe of collection was tried out in this 
country, the pressure was kept down to eight or nine lb. and the 
material of the collector was made preferably of steel in order 
to reduce the wear. It was even found necessary to go to steel 
contact wire. The amount of current that can be collected 
from a steel contact wire and a steel collector is very small, 500 
amperes being the reasonable maximum. The amount of wear 
as shown with this arrangement 1$ mfore than might be desired. 
In order to increase the capacity it 15 necessary to use a copper 
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contact wire and resort to a collector which will operate at 
higher pressure. The roller was tried and was found to operate 
with a flexible overhead system very well at pressures up to 
30 or 35 lb. and at speeds up to 50 mi. per hr. This arrange- 
ment proved successful for current up to 1000 amperes. 

The bearings had to be very perfectly made and furthermore, 
even under excellent conditions it was found that there was a 
considerable amount of slippage between the roller and the wire. 
As it is necessary to operate the roller without lubrication 
between it and the wire, the slippage has a proportional effect 
to a dry sliding contact with respect to the wear of the contact 
wire and the roller. Further experiments were undertaken with 
slider contact in order to increase the capacity and if possible, 
reduce the wear. | 

As shown by the data in Мг. Hixson’s paper the use of lubri- 
cation between the collector and the contact wire made an enor- 
mous difference in the rate of wear. A verysmall amount of heavy 
lubricant applied to the collector shoe was sufficient to reduce 
the mechanical wear to a negligible quantitv. This permitted 
the use of copper facing on the collector and increased the capac- 
ity enormously. With this arrangement the limiting feature 
was the carrying capacity of a 4/0 wire. А 4/0 copper wire in 
open air will safely carry approximately 1000 amperes without 
softening it. For a single wire therefore, it is not safe to collect 
much more than 1500 amperes when the current is made to feed 
into the point from both directions. In order to overcome this 
difficulty the double overhead contact wire was developed (two 
wires being hung on independent hangers so as to preserve 
flexibilitv). It was found that with this arrangement the two 
wires would both give excellent contact with the collector and 
that the capacity was more than doubled. The hangers for 
the two wires are alternately spaced and so remove any pos- 
sibility of sparking when the collector passes a hanger even at 
very high speeds, since one of the wires is always in independent 
flexible contact with the collector. With this contact system it 
is entirely practical to collect 3000 amperes at 60 mi. per hr. 
with practically perfect freedom from sparking. This cor- 
responds to 9000 kw. at 3000 volts and is ample for the heaviest 
trans-continental train on 2 percent grade. The tests indicated 
in the curves presented with Mr. Hixson’s paper show that with 
a copper contact wire and a copper-faced sliding collector lu- 
bricated with heavy grease and graphite the rate of wear will 
average approximately one mil for each 200,000 passes of the 
collector. Asa 4/0 grooved trolley is capable of about 250 mils 
wear, it is obvious that the wear on the wire is a negligible feature. 
It is interesting to note that when lubrication 1$ used, better 
results are obtained by increasing the pressure between the col- 
lector and the wire. The wearing away of the contact surfaces 
is partly due to friction and partly due to the passage of current. 
Without lubrication friction is by far the greater element and 
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as it increases directly with the pressure it was found disastrous 
to raise the pressure above 101b. Ву using lubrication, however, 
friction was practically eliminated and it was then found that 
the wear due to passage of current was greater at the light pres- 
sure than at the heavier pressure, so that when the pressure was 
increased with lubrication the amount of wear was considerably 
diminished. Ап interesting feature іп connection with these 
experiments was that the contact resistance between the col- 
lector and the wire when prease lubrication was used was actually 
less than with a drv surface. This at first appeared to be in- 
explainable. Тһе fact, however, 1s indisputable and perhaps the 
best explanation 1$ that between drv surfaces in air there remains 
between the metals a thin film of air particles. When the metal 
surfaces are oiled or greased the air is excluded and the lubrica- 
tion 1$ forced awav from the point of contact so that the actual 
contact between metals is more perfect than when made in dry 
am. This feature is not of great importance but it is of particular 
interest because 1t was at first thought that the use of a lubricant 
would increase the resistance of the contact. 

The following table taken from the tests shows the comparative 
rate of wear under ditferent conditions: 


COLLECTOR PASSES PER 0.001 IN. WEAR ON 4,0 COPPER CONTACT WIRE 
AT 500 AMPERES. 


Copper Collector 


NO Grease 
lubrication lubrication 
Lb. pressure 
New Wire partly 
wire worn 
10 400 14,000 180,000 
15 200 60,000 250,000 


There does not seem to be any practical difficulty in the use 
of lubrication as a small amount of it applied to the grooves of 
the collector twice or three times a year is ample for the purpose. 
The small amount of lubricant which adheres to the trolley wire 
has a further advantage in making it difficult for sleet to adhere 
to the wire. 

On the score of convenience, the overhead contact system 
undoubtedly has some advantage over the third rail when an 
ample and uniform clearance can be maintained. In freight 
yards, at road crossings and through special work the third rail 
is usually considered to be somewhat in the way and requires 
frequent underground jumpers which are expensive and fre- 
quently troublesome. 

Change in temperature affects both systems. The rail tends 
to "creep" and requires anchoring or oiling of joints or both. 
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The overhead system tends to sag in warm weather and stretches 
or breaks in cold weather. 

As to appearance, the third rail certainly has all the advantage 
with a reservation in some situations where frequent villages 
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require so great a proportion of overhead collector as to destroy 
to a considerable extent the clean-cut appearance of the roadway. 

A high voltage system involves long distances between sub- 
stations and correspondingly long feed through the distribution 
and contact system. 
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For single-phase systems the reactance of the third rail renders 
it unsuitable. For direct current the reactance has the effect 
of causing potential surges when the current is broken. Recent 
tests show that the voltage kick of the third rail may reach a value 
about double the normal line voltage under probable conditions 
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of current. In extreme cases it may be three times the normal. 
Similar tests on an overhead contact system show a similar 
voltage kick which may be double the normal. The voltage 
kick depends not only on the reactance but equally upon the 
speed of break of the load current. When the reactance in 
circuit is great it is difficult to open the circuit quickly and as 
the oscillograph records show with the same circuit breaker the 
current decrease 1s not uniform and not nearly so rapid as with 
a circuit of low reactance. Аза consequence the effect of high 
reactance as regards voltage kick is self-adjusting. This ac- 
counts for the fact that the actual volts rise 1s not far different 
for overhead and third rail systems. The oscillograms, Figs. 
l and 2, are self explanatory and illustrate the effect noted. 

An inspection of these oscillograms shows, however, that the 
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Fic. 3—Cross-SECTIONS OF THE “ ASPINALL " COMPLETELY PROTECT- 
ED ТҮРЕ OF CONDUCTOR RAIL, “А”, AND THE RUNNING КАП, “К”. 


amount of energy stored in the rail is much greater than in the 
overhead system. This is shown by the relative length of time 
for the potential to fall to the normal value. 

H. M. Hobart: There is being installed between Manchester 
and Bury on the Lancashire and Yorkshire Railway, a 1200-volt 
third-rail contact system which is the invention of the general 
manager of the company, Mr. J. A. F. Aspinall, of Liverpool. 
The distance between Manchester and Bury is 93 mi. Trial 
trips have already been made over this road and the line will soon 
be open for traffic. The Aspinall type of protected third-rail 
is characterized by the collection of the current from the side 
of the rail and by the method employed for surrounding the rail 
with wooden guards. Fig. 3 shows a cross-sectional view of the 
conductor rail in its correct position relative to the running rail. 
It will be noted that a channel form of rail 1$ used with a head 
sufficiently thick to provide a wide contact surface on the side. 
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One object of this form of rail is to provide a low center of gravity 
to prevent overturning. The rail is not bolted down to the 
insulator, C, but rests on top of it and is quite free to expand 
or contract. The rail is entirely inclosed with boards of Aus- 
tralian jarrah timber, which cannot be set on fire. The only 
opening around the rail consists in a slot at one side of the cover 
for the accommodation of the current collector. There is not 
a nail or bolt anywhere іп the protecting guards. The ordinary 
trackman or plate layer can keep everything in order and the 
electrical man 1$ onlv wanted to look after the copper bonding. 
The angle-shaped wooden guard B, in Fig. 3 rests directly against 
the rail surface. Another wooden guard shown at B' protects 
the outer side of the rail. А bent-metal distance-piece Е, is 
secured in place as shown, between the rail and В’. The guards 
are secured to the conductor rails, without bolts, by means of 
detachable metal clips, D. Wooden kevs Е, identical in shape 
with those used in Britain in fastening the running rails in their 
chairs, are held between the metal clips D and the wooden guard 
B. The clips D are made from scrap spring plates, of which all 
railroad shops have large quantities. The clips D with the 
wooden keys E, bind the two sets of timber and the rail together. 
The space at С prevents any accumulation of water. Oneof the 
running rails is shown in Fig. 3 at K with the wedge holding it 
in place in its chair. 

The contact device, which, with its mounting, is shown in Figs. 
4 and 5, is hinged and a single helical spring pushes the upper 
part of the shoe casting outwards. The lower part of the con- 
tact shoe presses inwards against the conductor rail. The shoe 
arrangement is quite simple and a fresh shoe can be fitted very 
quickly. The method of mounting upon an insulating support 
is clearly shown. Fig. 6 shows a view of the protected rail with 
approaches and an unprotected fourth-rail used for the return, 
as ш Standard British practise. 

The advantages of this construction over the usual form, 
appear to be the very complete protection that can be furnished 
and the provision that can easily be made for considerable 
vertical variation in the relative positions of rail and collector. 

The Lancashire & Yorkshire Railway was the earliest main 
hne іп England to be electrified. Third-rail, with 600 volts, 
was used on the original installation between Liverpool and 
Southport where a very heavy service was operated. The 
ауегаре distance between stops on that section is 1.32 mi. and 
the schedule speed 30 mi. perhr. This section has been operated 
electrically for many years. Mr. Aspinall has long been inter- 
ested in the employment of higher voltages and in 1913 put into 
operation an experimental 4-mile, 3500-volt d-c. line with over- 
head conductor, between: Bury and Holcombe Brook. The 
operation was satisfactory but problems connected with tunnels 
and bridges prevented the extension of the experimental line 
and the 1200-volt third-rail was selected for the present elec- 
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trification. These facts are mentioned to indicate that the 
chosen construction was adopted after long experience with 
electrical operation under local conditions. 

А. 5. McAllister: Will vou tell us how the rail is protected 
from sleet ?—I did not hear that. 

H. M. Hobart: The opening between Band B’ (Fig. 3) is 
small, and the edge of В is seen to be beveled a little, so that the 
shoe bears firmly on the conductor rail. England has a mild 
climate, but I am of the opinion that sleet storms would occur 
occasionally. 

О. С. Jackson: In the latitude of London, I was told, some 
years ago a certain chestnut tree had been injured once in its 
life by sleet, and it was looked on as being a remarkable thing 
that there had been a sleet storm which would injure a tree. 

G. H. Hill: I think it would be interesting 1f we could ask Mr. 
Hobart to add to his discussion the method Mr. Aspinall uses 
for approaching that side approach in Fig. 6. It 1s a difficult 
problem to show the method of side approach with rail over 
branch tracks and cross-overs. 

H. M. Hobart: At approaches, the conductor rail is brought 
nearer to the running rail and the opening is wider, as shownin 
Fig. 6. | 

К. Г.. Allen: May I ask Mr. Zogbaum if he can give us any in- 
formation as to the use of wooden horns for pull-off insulators 
on the catenarv construction? 

Ferdinand Zogbaum: We have used both wood and porcelain. 
The wooden horns held up very well. The wood insulators are 
used generally between tracks on pull-offs. They have been 
taken out еуегу three vears and cleaned and found to be in per- 
fect shape, in fact, held up better than porcelain. The porcelain 
insulators used under these conditions are turned sidewavs, 
opposite to what thev should be, and the weather got into 
the porcelain and in some cases destroved them. Г should say 
that the wood was уегу good, certainlv as good as the porcelain. 

D. D. Ewing: There has been presented here considerable 
information on the subject of third-rail maintenance. I was doing 
some research work along the line of railway maintenance not 
long since, and I found very little data obtainable regarding the 
increased cost of the third track, that is, the running track main- 
tenance. I would be pleased to know whether any of the com- 
panies have done work along that line and to find out whether 
or not the third-rail increased the cost of the maintenance of the 
running rails. 

J. V. B. Duer: I do not know that we have any such data, 
but think we could probablv find out and submit those data if 
it is desired. Of course, there is one point in that connection, 
and that 15, that bonding will unquestionably increase the main- 
tenance of the track rail, but cannot properly be considered as 
part of the track rail maintenance. 

D. D. Ewing: I was comparing third rail to trolley. 


er 
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Ferdinand Zogbaum: Mr. Hixson, in his paper, did not bring 
out the incline of the flexible hanger used on curves, which 
eliminates all hard points on the trolley wire. On the curves 
the hanger is inclined and forms a sort of lever and as the 
pantagraph goes around under the curve, the trolley wire rises 
slightly, and that does away with the necessity of the pull-off 
which Mr. Hixson described. Also in the tangent, we have two 
wires. The steel contact wire is attached to the copper feeder 
wire between the hangers, giving a very flexible and springing 
contact for the pantagraph. 

J. B. Cox: Relative to the pull bff mentioned, on an ordinary 
curve, under ordinary conditions, single track, this loop hanger 
which allowed the trolley wire to hang right under the messenger 
was quite satisfactory. There was no trouble there at all. 
Where we had a number of tracks, however, as Mr. Hixson 
pointed out, one wire had to bear the strain or pull over two or 
three other wires, and there was trouble from swinging. The 
heavy roll would pass under and hit, and so interfere, and there 
was trouble from striking. That was the case with the single 
roller. In the case of two units, with a pantagraph on each, 
and no connection between the two, there was little trouble, 
as a matter of fact, both with the loop hanger and the single 
trolley wire, which was suspended by the hanger directly under- 
neath the messenger. That construction is more flexible than 
where you have double wire and extra weight and less flexible 
hangers. 

C. J. Hixson: In reply to Mr. Zogbaum I note by referring to 
Mr. Amberg's paper under Compound Catenary, it is stated 
that on curves above 2 degrees, temperature affects the align- 
ment of the trolley wire so as to require a pull-off span between 
bridges. This would, therefore, seem to be one of the limiting 
features of this type of construction. With a pull-off span 
avallable it appears that the pull-off stresses could be taken 
care of without displacing the messenger and using a special 
type of hanger. 

As regards compound catenary construction of the type 
having the lower catenary parallel to the contact wire it seems 
unfortunate that advantage was not taken to obtain all possible 
flexibility. "This could have been attained by hanging the trolley 
wire from the lower messenger by a loop instead of rigidly clamp- 
ing the two wires together. А construction of such a type would 
also have been cheaper as well as permitting slack to be taken 
out of the contact wire without disturbing the hangers. In 
general, pull-off and hanger construction should be such as not 
to interfere with line elasticity as temperature variations are 
taken care of 1n this way more easily than by adopting automatic 
temperature adjusters. 

D. C. Jackson: I want to add just one thing, which was: 
brought to my mind through Mr. Hills remarks. Не speaks 
of the self-inductance of the third-rail, оп account of its 
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magnetic character, giving some switching difficulties. At the 
Massachusetts Institute of Technology we are working on some 
experimental investigations of the "skin effect” in steel rails. 
That subject has been investigated арат and apain, and no 
results which could be accepted as final have been obtained, 
but I believe the remarkable skill and keenness of Dr. Ken- 
nelly, who has charge of this investigation, is producing 
some results that are accurate and will be serviceable; and if 
that proves to be the case, although these investigations are 
being made with alternating current, we will obtain data 
which mav enable us to study the integrated self-inductance for 
the multiple of the filaments of a direct current in a rail, and 
thus enable us to give data Бу which difficulties such as Mr. 
Hill's mav be overcome. 


or 
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DISCUSSION ON “ THE RELUCTANCE OF SOME [IRREGULAR MAG- 
NETIC FiELDS ” (Doveras), DEER Park, Mpb., JUNE 29, 
1915. (SEE PROCEEDINGS FOR May, 1915.) 

(Subject to final revision for the Transactions.) 

Charles В. Underhill: I wish to call attention to a special 
case of reluctance. It has to do with solenoid design; the design 
of plunger electromagnets, or magnets with movable cores. 

Let it be assumed thata constant mean effective alternating 
e. m. f. at constant frequency is to be impressed upon a coil. 
When the constant mean effective alternating e. m. f. is impressed 
upon the coil, it is found that a certain mean effective current flows 
through the coil, and from this knowledge together with the num- 
ber of turns and the dimensions of the coil, the permeance of 
the coil can be calculated, and since reluctance is the reciprocal 
of permeance it 15 а simple matter to determine the reluctance 
of the coil. 

Now let it be assumed that there is a core or plunger at some 
distance from the coil. Upon moving the core or plunger end- 
wise towards one end of the excited coil, it is noted that the mean 
effective current strength is decreased, showing that the induct- . 
ance and, therefore, the permeance of the coil and core combina- 
tion is increased. Looking at it another way, it may be said 
that the reluctance of the entire combination has decreased. 
Neglecting the eddy current and hysteresis losses, the total flux 
interlinked with the current in the coil is constant. The per- 
meance of the coil (without the iron) is constant. Therefore 
the coil has a permeance of its own, and the core has a permeance 
of its own, which latter permeance changes with different in- 
tensities of magnetization in the core, and the total permeance 
is the sum of the coil permeance and the iron permeance. 

The point 1$ that in the design of plunger electromagnets it 1s 
impossible to use the customary equation w= (8/5, but the 
intensity of magnetization 3 in the iron and the magnetizing 
force Жіп the coil must be separately treated, because the so- 
called solenoid effect or the leakage pull, due to a solenoid and 
plunger, 1s proportional to the product of the intensity of magneti- 
zation in the core and the magnetizing force in the coil, to use 
conventional terms. Тһе maximum permeance is obtained 
when the middle of the core is at the middle of the coil. 

I would emphasize the fact that there is at least one case where 
the total induction @ cannot be used as a whole, but must be 
separated into its two components, that is, the intensity of 
magnetization and the magnetizing force. This is the basis of 
Maxwell's fundamental equation for the mechanical force due to 
electromagnets, which I shall briefly describe. 

The induction & = 47 3 + X gausses. 

The mechanical pressure, 


F 2 17 2 2 


5 8T 8T 
dynes per sq. cm. 
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whence, 
2 


A 
e ) dvnes. 


F=S(2 ту 43% + 


Therefore, it is seen that the mechanical force F is divided 
into three components, one of which is between the ends of the 
two half-cores: one between the two half-coils, and then there 
is а mechanical force acting between the ends of the half-cores 
and the half-coils. This mechanical force between the coils 
and the cores is the so-called “ solenoid pull ” which is exceed- 
ingly important in the design of plunger electromagnets with 
reasonably long air-gaps or in case where there is only опе 
plunyer acted upon by the current in the coil, and this mechanical 
force is F = 3X dynes. 

Е. W. Peek, Jr.: Very complicated magnetic circuits often 
result in practical work; it is generally impossible to calculate 
these with any deyree of accuracy, and sometimes even impossible 
to estimate the field distribution. An exactly similar but more 
dificult problem exists in the «dielectric. circuit. Improper 
flux distribution in the magnetic field means local loss; improper 
dielectric flux distribution in high voltage insulation means loss 
and destruction of apparatus —а limit is imposed on voltage. 
Although it 1s difficult to calculate the dielectric and magnetic 
circuits, except in very simple forms, an analogy fortunately, 
exists between the electric, maynetic and dielectric circuits. 
Mr. Douglas has made use of this fact in his interesting work. 

For the electric circuit Ohm's law states that the electric flux 
or current is equal to the e. m. f. divided by the resistance. 

For the maynetic circuit a similar law states that the magnetic 
flux is equal to the m. m. f. divided by the magnetic resistance 
or reluctance. 

Likewise for the dielectric circuit the dielectric flux 1s equal 
to the e. m. f. divided bv the dielectric resistance. Thus Ohm's 
law for the three circuits becomes: 


I = —— electric circuit. 
R 
M р 
Ф = CR magnetic current 
y = E dielectric circuit. 


The shape of the magnetic lines of force may be approximately 
located by means of iron filings, or the dielectric lines of force 
bv mica filings. Actual values necessary in design cannot, 
however, be obtained by this method. The values of the equi- 
potential surfaces in the magnetic or the dielectric fields in space 
cannot be directly measured. Оп account of the analogy be- 
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tween the three circuits, certain lines in the one correspond to 
_ certain lines in the others. As electric currents are readily 
measured, the electric circuit may be made use of in determining 
the other two. For instance, if it is desired to determine the 
dielectric field between two electrodes, these electrodes may be 
placed in a proper electrolyte and the equipotential surfaces 
and lines of force of the electric circuit located by a galvanometer. 
These equipotential surfaces and lines of force correspond to the 
dielectric equipotential surfaces and lines of force which would 
exist if the electrodes were in a dielectric. The dielectric circuit 
may thus be very accurately plotted, so that the stresses at 
different points of the insulation may be predetermined and the 
insulation arranged in such a way in design to give maximum 
efficiency. The experimental determination becomes more 
difficult when insulations of several permittivities are used. 

Messrs. Fortescue and Farnsworth have already described 
to the Institute, work that they have done along this line. More 
and more of this kind of work, especially in the dielectric circuit, 
must be done, otherwise a limit in the voltage at which apparatus 
may be operated will result. 

Comfort A. Adams: Mr. Peek spoke of the magnetic circuit, 
the electric circuit and the dielectric circuit. There is an ad- 
ditional one, the thermal circuit. 

John D. Ball: I think we all know how the fields and other 
magnetic circuits are now designed. We have a curve that 
represents the material more or less closely, and we add to that 
some constant, two per cent or much more, depending on the 
circuit and our previous experience with similar circuits. How- 
ever, our methods in this respect are going to be much better, 
for two reasons. First, because of the fact that the testing 
methods are more accurate and secondly because the materials are 
manufactured with a greater degree of uniformity. The testing 
methods on magnetic materials have been discussed so many times 
that now we are in closer concordance than two years ago, and 
secondly, in the last six months we have secured a greater degree 
of uniformity in the manufacturing of magnetic materials than 
ever before. Two years аро I was interested in getting some data 
on the magnetic properties of materials, especially the magneti- 
zation curves. We found a variation between minimum and 
maximum samples of the same grade of steel on the order of 20 
to 25 per cent, whereas in the case of materials manufactured 
in the last six months the variation is cut down to about one- 
quarter of that, showing that the manufacturers are producing 
more uniform materials. We can now get a much more economical 
design by saving our field copper and not putting so much energy 
in rheostats to compensate for variations and for mistakes. There- 
fore, a studv of magnetic fields is right along with other work and 
gives us the advantage of still closer and more accurate design. 

P. M. Lincoln: I do not see how the author can expect to 
recognize the phenomena of the magnetic saturation in repro- 
ducing the electrical circuit as he has. 
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Percy H. Тһстав:. He excluded that from his discussion. 

L. W. Chubb: The hard part of the designing of magnetic 
circuits is the consideration of the reactions of the armature 
windings, local saturation, etc. Аз Mr. Lincoln suggests, the 
saturation in the pole horns and the pulsation of the flux caused 
by variable reluctance of the рар, due to the passage of the teeth, 
should be considered. In view of these verv difficult problems 
we have found that it is best to work the pantagraph method or 
drawing board method of mapping fields, rather than to go 
through long mathematical calculations for a single machine. 
In the development of a new line of standard machines, the fields 
are more carefully worked out in a theoretical way, but exper- 
ience has shown that the experimental and graphical methods 
are the most practical and serve as a check solution. In our 
use of the pantagraph method we have found it necessary to 
work with solid fields, because in tracing fields with plane mode's 
the end etfect is not correctly included. 

We had used the pantagraph method of tracing fields some 
vears before it was used by Messrs. Farnsworth and Fortescue. 
In fact, the early magnetic work suggested their extension of the 
method. 

The author's method of using conjugate flow to get direct flow 
lines 1s true only for plane figures and the combination of two or 
more of these two dimensional figures to obtain the solid field 1s, 
of course, most laborious and only an approximation. The method 
which we use of submerging solid models in а conducting 
fluid gives the true equal potential surfaces and the flow lines 
or their projections can be readily worked out in any plane or 
surface. 

Е. W. Carter: In a communication to which Mr. Douglas 
makes reference, I dealt with the fringe flux at the edge of a 
rectangular pole where a pair of such poles are confronted with 
a smooth armature. Another method of treatment which 
occurred to me as perhaps a little nearer to the actual arrange- 
ment of a continuous current machine, 1s derived from the case 
of a pair of line poles, shown in Fig. 14 in the paper; the equi- 
potential lines near to the line poles bear considerable likeness 
in the neighborhood of their tips to pole shoes, and the chief 
problem is that of identifving the most suitable of these. I have 
chosen the equipotential line which has the same extreme exten- 
sion, in relation to the gap and the same radius of curvature at 
the extreme tip; the result of a particular case is shown in Fig. 1, 
which also shows the notation used. Бір. 2 gives the result 
in the form of working curves. Where interpoles are used, I 
usually measure c between exciting and interpole tips, thus 
assuming no drop of magnetic potential across the interpole 
face. It should be noted that my c is a half of Mr. Douglas’s & 
and mv с applies to the fringe for one tip only and not a pair; 
accordinglv both abscissa and ordinate of my Fig. 2 must be 
doubled to compare with Mr. Douglas's Figs. 16 and 17. 


v 
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The fringe of flux at the end of a pole piece cannot be treated 
very satisfactorily, for the reason that the disposition of parts 
remote from the gap affects the results. If it is assumed that 
both the pole and the armature core extend to infinity, the total 
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flux between them becomes logarithmically infinite. It ac- 
cordingly becomes necessary to carry the integration only to a 
certain point, and it is debatable where the limit should be set. 
The result is indicated by the continued rise in the curves of 


Mr. Douglas’s Fig. 27. Мг. Douglas’s suggestion for the deter- 
mination of the appropriate limit is of much interest. 

The transformation involved, however, has its uses irrespec- 
tive of this. One such application was made in a paper on 
" Magnetic Centering of Dynamo Electric Machinery " to 
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which Mr. Douglas makes reference: here, however, only the 
change of flux due to end рау is involved, and since the change 
all takes place in the neighborhood of the air gap, no difficulty 
arises although the difference of two infinities is involved. 
Another application of interest is that of finding the flux between 
two adjacent teeth separated by a slot carrving a conductor; 
the problem arises in connection with the determination of 
commutation constants in a machine without interpoles. For 
this purpose the integration may be carried to the center of the 
adjacent slot; Fig. 3 gives the result in the form of a curve, of 
which the ordinate is the fraction of the width of the slot that 
must be added to its depth in order to give the same total flux 
as between the adjacent teeth. 


Fic. 3 


The problem of the reluctance of a gap between surfaces both 
of which are slotted, as in the induction motor, is a fascinating 
one. In the article on '' Air Gap Induction " published in the 
Electrical World, and referred to by Mr. Douglas, I showed that 
the effect of a slot opposite to a smooth face is as 1f the slot were 
absent, but the arca of the face reduced by: 


yy ~ [1+ (%)! : 


Where s is the width of the slot and g the рар. If two slots of 
widths s and s' are opposite one another, the appropriate reduc- 
tion is: 


2 
05 = — 1 з tan 
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a formula which really includes the preceding as а particular 
case. The slots may be considered opposite as long as their 


1 T. i 
centers are not more than 26 apart, where c s a linear quantity, 


of the order of the width of a slot, to be considered later. The 
following notation will be used: 


| Stator Rotor 
Number of 5іоі6....................... n п’ 
СО РЕС а оо а а’ 
Slot width (at mouth)................. 5 s 
Proportional reduction per slot, given by 
above Ёогтиа.................... т a’ 


Periphery = na = n'a’ = p 


The average number of opposite slots is: 


C£ 25 C C j 
n, = — n = —— n = —— nn 


a a р 


Hence the total reduction in the periphery is: 
(n — n) с s for stator slots opposite rotor teeth. 
(n' — пі) 0” s' for rotor slots opposite stator teeth. 
n, 0, g for stator slots opposite rotor slots. 


The resultant equivalent periphery is therefore: 


b = p— (n—m)aos— (n'—n)o's'—mnyoig 


g ГА rx 
->П- п пя + и сір a 
-p[i-o 5” -— s n САЛЕ E Ua ax 
a a aa | 


Тһе quantity within square brackets is the multiplier of the 
permeance or the reciprocal of the air-gap coefficient. 

The curve of variation of flux between the opposite and remote 
positions of the slots was guessed at in the paper on magnetic 
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centering; at considerable labor and with much cross-plotting 
I have now succeeded in computing it: with equal slots in the 
two members, the value of c 1s a little greater than the width 
of a slot, being 1.25 times with the slot twice the gap, 1.13 times 
with the slot three times the gap, and 1.07 times with the slot 


four times the gap. Тһе term depending on c is small and ап 
approximate figure is sufficient; the following formula will 
probably meet all requirements of induction motor design 


c=11 Vss 


s/g 
Fic. 5 


The air gap coefficient K is accordingly given by: 


ш 
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ГА , 
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where А = 


3086 RELUCTANCE [June 29 


Fig. 4 gives ø or 0”, whilst Fig. 5 gives А. It may be 
5 


noted that 1 — 0 is the reciprocal of the air gap coefficient 
of a machine without rotor slots; if this 1s called k; and the cor- 
responding quantity for a machine without stator slots, k’, as in 
the article on Air Gap Induction: 


1 1 55” 
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Discussion ON “ ForM FACTOR AND ITS SIGNIFICANCE '' (BE- 
DELL, BowN, PIDGEON), “ DistoRTION Factors ” (BEDELL, 
Bown, Sw ISHER), AND "AN ANALYTICAL AND GRAPHICAL So- 
LUTION FOR NON-SINUSOIDAL ALTERNATING CURRENTS " 
(Mizvsui, DEER Park, Мр., JUNE 29, 1915. (SEE Рко- 
CEEDINGS FOR JUNE, 1915.) 

(Subject to final revision for the Transactions.) 

Joint Committee on Inductive Interference (communicated): 
Apropos of the present general consideration of irregular wave- 
forms, this committce desires to call attention to an important 
aspect of this subject which has not hitherto received the atten- 
tion which it merits. The interest of this committee in this 
matter arises from its bearing upon the subject of the committee’s 
investigation— inductive interference. It is not overstating 
the facts to sav that were it not for the irregularities of wave- 
form of common occurrence 1n power circuits, the necessity for 
the formation of a committee of this character would not in 
all probability have as vet arisen. There is a strong presumption 
that the difficulties not arising from irregularities of wave form 
could have been overcome without the medium of such a com- 
mittee. 

It was forced to the attention of the Committee at the outset 
of its investigation that practically the entire trouble arising 
from the inductive effect, upon telephone circuits of power 
circuits in normal operation, 1s due to the harmonics present in 
the current and voltage waves of the power systems. The 
following extract is taken from the committee’s report to the 
California State Railroad Commission, published in the Pro- 
CEEDINGS Of September, 1914. 

“ The frequency of the voice currents flowing in a telephone 
circuit ranges from about 200 cycles per sec. up to possibly 2000 
cycles per sec. The average voice frequency is considered to be 
approximately 800 cycles per sec., and at about this frequency 
the telephone receiver 1$ most sensitive. It 1s on account of 
these considerations that extraneous currents of the higher fre- 
quencies, arising from the harmonics of a power system, are 
relatively more detrimental to telephone service. The harmonics 
of the power svstems have been found to be responsible for 
the greater portion of the inductive interference to telephone 
service, under normal operating conditions of parallel power 
circuits. Any extraneous current of a frequency within the 
audible range produces а disturbance which impairs the effi- 
ciency of a telephone circuit. The combined effects of all 
extraneous currents present, of frequencies within the range of 
audition, constitute the humming noise heard in the receiver 
of a telephone circuit which is subject to induction.” 

The report then goes on to state that the effect of the funda- 
mental frequency (60 cycles or less) on telephone circuits is 
relatively unimportant unless the induction at such frequency 
IS $0 severe as to constitute a physical hazard or to operate the 
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protective devices on the circuits or interfere with superimposed 
telegraph service. 

The report further sums up the matter in regard to irregular 
wave-forms as follows: 

“ The fact that practically all inductive interference to tele- 
phone circuits is due to the harmonic currents and voltages, 
renders it important that an effort be made to obtain rotating 
machinery for use in power systems which produces as nearly as 
is reasonably possible pure sine waves of fundamental frequency, 
and also that an effort be made to obtain transformers and to 
arrange connections of the same in such a manner as to reduce 
as far as practicable the distortion of wave-form.”’ 

Among the rules recommended by the Committee and subse- 
quently adopted by the California State Railroad Commission 
the following occurs: | 

“ Wave-Form of Rotating Machines. The power company 
shall make every effort to obtain generators and synchronous 
motors for use on all parts of the svstem, giving, as nearly as 
reasonably possible, pure sine waves of voltage at fundamental 
frequency. Іп no case shall the deviation from a pure sine wave 
exceed the limit set forth in the Standardization Rules of the 
American Institute of Electrical Engineers.” 

“Exciting Current of Transformers. In order that the wave- 
shapes of voltage and current may be distorted as little as practi- 
cable by transformers, the main line transformers employed on 
circuits involved in a parallel and on future extensions of such 
circuits shall have an exciting current as low as is consistent with 
good practise, and in no case shall the exciting current at rated 
voltage exceed ten per cent of the full load current. Such 
transformers shall not be operated at morethan ten per cent 
above their rated voltage." 

This brings us directly to the question under consideration at 
this convention, that is, the criterion or the criteria by which 
irregularities of wave-form should be judged. The limitations 
and unsatisfactory character of the present Institute Standard 
of wave-form deviation were brought out in two papers presented 
in 1913; one by P. M. Lincoln and one by C. M. Davis (see 
TRANSACTIONS volume 32, page 765 to 768). Mr. Lincoln, 
in his paper, treated the subject whollv from the standpoint of 
the effect of wave-form distortion on electrical apparatus as- 
sociated with power circuits. Looking at the subject from this 
standpoint Mr. Lincoln comments as follows: 

“The Standardization Rules of the Institute state that the 
generator e.m.f. waves shall not depart from the sine shape by 
more than 10 per cent. The present form of the rule is not en- 
tirely satisfactory, since it does not penalize the higher frequency 
harmonics as much as thev deserve. А 10 per cent deviation on 
the part of one of the higher harmonics is admittedly mort 
dangerous than the same deviation on the part of a lower 
harmonic, but the existing rule docs not recognize this. А 
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modification of the existing rule so as to obtain such a recogni- 
tion is desirable.” 

The papers before the present convention bring out very clearly 
the characteristics and limitations of the different criteria of 
wave-form distortion. The adaptability of these several factors 
as criteria of wave-form distortion, judged from the standpoint of 
inductive interference, 1s not touched upon bv the authors of 
these papers. It is to this phase of the matter that we wish to 
draw particular attention. 

Before considering the individual distortion factors mentioned 
in these papers it will be well to understand the desirable charac- 
teristics, from an inductive interference standpoint, of a distor- 
tion factor suited for rating the relative detrimental effect of 
different irregular wave-forms. А pure sine wave should ob- 
viously be chosen as the standard of comparison and for this 
purpose the т. m. s. value of the equivalent sine wave is suitable. 
The harmonics of current and voltaye in a power circuit manifest 
themselves in an exposed telephone circuit as extraneous cur- 
rents of the same frequencies in the telephone receivers at the 
terminals of the circuit. The detrimental effect of such extran- 
eous currents on a telephone conversation is, aside from a certain 
annovance due to the mere existence of the noise, to cause a 
decrease in the intelligibility of the conversation. Experimental 
determinations of this decrease in the intelligibilitv of a conversa- 
tion corresponding to a given amount of extraneous current of a 
given frequencv, have been made by the American Telephone 
and Telegraph Company at the request of this Committee. 
This decrease іп intelligibility is evaluated in terms of the effect 
on the intelligibility of an increase in the length of the telephone 
circuit. The results of this investigation have shown that: 

(a) Within the limits of experimental error the decrease in 
the intelligibility of conversation, caused by an extraneous cur- 
rent of a given frequency, is directly proportional to its magni- 
tude. 

(b) For a given amount of extraneous current the resultant 
decrease in intelligibility increases very rapidly with the #е- 
quency up to a certain maximum point and then decreases slowly. 
For frequencies ranging between the third and eleventh harmon- 
ics of 60-cycle systems this detrimental effect increases nearly as 
the square of the frequency. Beyond the frequency correspond- 
ing to the eleventh harmonic the curve gradually bends over, 
reaching a maximum at about 800 cvcles and then gradually 
diminishing to about 85 per cent of maximum at 1500 cycles, 
bevond which point observations have not as yet been carried, 

The facts just cited point to the desirability of penalizing the 
higher harmonics approximately in proportion to the square of 
their frequency up to a certain point. There is of course the 
question of the complex relationship between the relative 
magnitudes of different harmonics in the extraneous current 
of a telephone receiver and the relative magnitudes of these 
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same harmonics at their origin in the power system. There are 
a number of factors which enter into this relationship; some 
tending to accentuate the higher harmonics and some tending to 
suppress them. Then, too, the relationship between wave-form 
of extraneous current in telephone receivers and wave-form at 
origin of harmonics in power system will vary to some extent 
with each and every case of inductive interference. Our present 
information does not permit us to generalize on this point. In 
the absence of more complete information we would suggest that 
in this connection the penalties for the existence of higher har- 
monics be rated somewhat in accordance with the law of their 
relative detrimental effect in a telephone receiver. This is 
undoubtedly conservative, as the net effect of the several factors 
is to emphasize the relative interference of the higher harmonics. 

The above remarks have been concerned with the effects of 
given amounts of extraneous current of different single fre- 
quencies. In practise the noise in a telephone receiver is always 
caused by a complex current of several frequencies in various 
proportions. On this account it is necessary to consider the 
relationship between the detrimental effect of a complex wave 
and the detrimental effects of the individual components of that 
wave. Experimental investigations now under way are directed 
towards the empirical determination of this relationship. The 
results are not available as yet. In the absence of such informa- 
tion it has been assumed that this relationship follows the well 
known г. т. $. principle: that the value of the combined effect 
is equal to the r. m.s. of the individual effects. 

There 1$ still a further question which might be raised, that is, 
in regard to the effect of the phase relationships, among the 
several harmonics of the complex wave on the detrimental effect 
produced by that wave. Specific experiments directed at a 
determination of this point have not been thought necessary by 
the committee. А consideration of this problem shows its con- 
nection with the old controversy between Helmholtz and Konig 
concerning the influence of the phase of harmonics upon acoustic 
quality. Ап experimental investigation conducted by the 
Bureau of Standards in 1909 clearly supports the Helmholtz 
view, that quality is independent of phase relationship (see 
Bulletin of Bureau of Standards, Vol. 6, No. 2). 

Summarizing the above discussion, the following appear to be 
the desirable characteristics of a distortion factor which will be 
useful as a criterion of the relative merits of different wave-forms 
when judged from the standpoint of their influence on inductive 
interference between power and telephone circuits: 

(а) R. т. $. value of equivalent sine wave as standard of 
reference. 

(b) Effect of a given harmonic weighted in direct proportion 
to its amplitude. 

(c) Effect of different harmonics weighted in proportion to the 
square of their frequencies up to the eleventh or thirteenth 
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harmonics of a 60-cycle svstem, higher harmonics to be given the 
frequency weighting of eleventh or thirteenth. 

(d) Combined effect of different harmonics weighted in ac- 
cordance with the г. m. s. value of their individual weights as 
determined bv (5) and (с). 

(e) Independence of phase relationships among harmonics. 

With these characteristics in mind it will be well to take up 
each distortion factor discussed in the papers under consideration 
and compare its charactenstics with those just mentioned. 

Form Factor. It will be apparent at once that the form factor 
is totally unsuited as a measure of the distortion of wave-form 
from the standpoint of its effect on inductive interference. It 
does not meet any of the characteristics as set forth above and, 
as 1s pointed out in Prof. Bedell’s first paper, is very indefinite 
аз a measure of wave distortion. 

Deviation Factor. This factor is unsuitable for a standard such 
as we have in mind because it 1s, in a sense, indefinite, having no 
exact relationship with the amplitude of the harmonics present 
and making no differentiation between harmonics of different 
orders. Апу single harmonic may be present to the extent of 
practically 10 per cent and still be within the deviation limit. 
More than one harmonic may be present in the wave and the 
phase relationships among them тау be such that while the sum 
of their maximum values may considerably exceed 10 per cent 
of the fundamental, the deviation will not exceed the 10 per cent 
limit. This factor obviously can not afford an accurate measure 
of the relative detrimental effects of different irregular wave- 
forms from the standpoint of inductive interference. Un- 
fortunately, in this regard, it is the standard of the Institute 
and as such was accepted by this Committee in its recommenda- 
tions for a rule upon the subject of wave-forms. 

Harmonic Factor. There are certain merits in this factor in 
that it gives some weight to each harmonic, it weights the com- 
bined effect of all the harmonics in proportion to their r. m. s. 
value, and it is independent of the phase relationships of the 
different harmonics. Its severe drawback, however, is the fact 
that harmonics of different orders are all given equal weight. 

Curve Factor. This factor is directly related to the harmonic 
factor and as such is subject to the same objections. 

Peak Factor. Obviously this factor has little significance from 
the standpoint of inductive interference. 

Integral Distortion Factor. The characteristic of this factor in 
weighting the individual harmonics in inverse proportion to 
their order makes it, of course, entirely unsuitable for our pur- 
pose. 

Differential Distortion Factor. This factor, of all those men- 
tioned in the papers under discussion, most nearly fulfils the 
requirements of a criterion of wave distortion based upon the 
bearing of such distortion upon the subject of inductive inter- 
ference. Comparing its characteristics with those of our sug- 
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gested distortion factor the following should be noted: Both 
have the г. т. $. value of the equivalent sine wave as the standard 
of reference. Both give weight to a given harmonic in direct 
proportion to its amplitude. Both give increasing weight to the 
higher harmonics. Both weight the combine effect of the in- 
dividual harmonics in accordance with the r.m.s. law. Both 
are independent of the phase relationships of the several har- 
monics. They differ, however, in the exact weighting of har- 
monics as a function of their order. The differential distortion 
factor weights the harmonics on direct proportion to their order 
while for our suggested factor the harmonics up to the eleventh or 
thirteenth (60-cycle fundamental) would be rated in proportion 
to the square of their order. This suggests a modification of the 
differential distortion factor for this purpose, by substituting, 
in place of the first derivative of the wave, its second derivative. 
The use of such a modified distortion factor is, however, open to 
the objection that it is not so readily determined as the first 
derivative distortion factor. It could be determined by a 
knowledge of the wave-form as given by an oscillogram or simply 
by a knowledge of the amplitudes of the several harmonics as 
determined experimentally by a resonance method which has 
been much used by this Committee in its general investigation. 
With a knowledge of the magnitudes of the several harmonics 
as determined by either of the two methods mentioned, it may be 
said, however, that there is no particular advantage in using . 
the second derivative over a set of empirically determined weights 
for the different harmonics which would rate them more truly in 
accordance with their relative detrimental effects, all factors 
considered. 

Combination of Differential and Integral Distortion Factors. 
While the product of integral and differential distortion factors 
тау be of real usefulness in certain computation work, such a 
combination for our purposes is open to objection on account of 
the characteristics of the integral distortion factor. Obviously, 
for our purposes, it offers no advantages over the differential 
distortion factor. 

Before concluding these remarks we wish to draw attention, 
in connection with the general subject of wave-form, to the fact 
that the Standardization Rules do not specify a load condition 
under which the distortion factor or deviation factor of the volt- 
age wave of a generator 1s to be measured. It is, however, uni- 
versally customary, we believe, to rate the wave-form on the 
basis of no load оп the machine. It is well recognized that the 
load condition has an important bearing on the wave-forms of 
both voltage and current. Furthermore, it is obvious that the 
wave-form under normal operating conditions and not that under 
the no load condition is theone with which we are most concerned. 
The relationship, therefore, between voltage wave-form under 
no load and under normal load is one which should be given care- 
ful consideration. We recognize the difficulty of specifying the 
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wave form requirements under any other conditions than no 
load, since, in general, operating loads differ widely in their 
characteristics and ditferent loads each have different effects 
upon the wave form derived from a given machine. 

In conclusion to this review of the characteristics of distortion 
factors and their adaptability as measures of distortion from the 
standpoint of inductive interference, it is well to point out the 
practical importance of a reduction of harmonics and a closer 
approach to a pure sine wave of voltage and current 1n electrical 
power circuits. А material improvement in this respect, regard- 
less of what criterion is taken as an index, would operate to 
reduce the requirements of transpositions and the restrictions 
of balance of power and telephone circuits which would be other- 
wise necessarv to prevent harmful interference under existing 
conditions of wave form. We know that it is generally impracti- 
cable to ask that steps be taken to remedv such conditions in 
existing apparatus. It is our hope that substantial improve- 
ments тау, however, be made in new machines bv a due regard 
to the importance which should be attached to this phase of the 
subject of improvement in wave form. It is with this in mind 
that we take the present opportunity of calling attention to the 
importance of the problem from this standpoint, which though 
not new, has received little recognition heretofore. 

Comfort A. Adams: In defense of the Standards Committee, 
I would liketo say in regard to this communication from San 
Francisco, that the Standards Committee has fully realized that 
the definitions at. present in the Standardization Rules do not 
in any satisfactorv fashion meet the needs of the occasion, in 
particular that the definition for form factor does not even ap- 
proximately give us a satisfactory measure of the maximum 
flux density. That, I desire to point out in more detail later оп. 
The standardization rules are limited even in that one point, 
both as regards the differential distortion factor and others, they 
have had onlv limited application. There was nothing absolutelv 
applicable which was available at the time thev were formed, and 
the definitions at present in the rules were only put there because 
of lack of something better. "There was no intention that they 
should cover the entire ground. 

L. W. Chubb: The first paper on Form Factor is appar- 
ently a verv simple treatment. The subject, however, is 
not as simple as the paper indicates. A little over a year ago 
in a brief article on several factors of this kind I attempted to 
cover form factor in somewhat the same wav, but it became so 
complicated that it was struck from the manuscript. 

The definition as given at the opening of the first paper is 
incomplete and under certain conditions is wrong. 

The average value used in the calculation of form factor must 
be the average of ordinates between certain symmetrical zero 
values, which will give the greatest average. In the case of odd 
harmonics only, these zero values are a half-cycle apart, but 
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with even harmonics the zeros may not be a half-period apart. 


A single odd harmonic which is more than of the amplitude 


1 

N 
of the fundamental may, and an odd harmonic which is greater 
than the fundamental must, reverse the resultant curve and make 
it pass through zero more than twice per cycle. Such a wave 
causes more than one maximum and one minimum value per 
cycle in the integral or flux wave; so that iron in a transformer is 
carried through a major and two or more minor hysteresis loops 
per cycle, causing a higher loss than that indicated by the form 
factor corresponding to the largest average between any two 
symmetrical zero points. 

Prof. Bedell calls special attention to the combination of a 
fundamental wave and a third displaced 60 fundamental degrees. 
This would be: 

A; sin 0 + As sin 3(0 — 60) 
OT As sin 0 — As sin 3 0 


In Fig. 1, Аз is 75 per cent of A, and it will be noted that’ the 
third component of voltage, since it has an amplitude greater 
than one-third of the fundamental, reverses the resultant voltage 
E and makes it pass through zero four times per cycle. The 
flux which is the integral of the voltage wave is К ( — А, cos 0 


+ a cos 30) and is shown in the heavy curve $. Such a flux 
wave will carry an iron core through the hysteresis cycle shown 
to the left of the curves. The authors results give a form factor 
of 1.819 derived from an average value obtained by integrating 
the voltage wave from 0 to т. Such a result would indicate 
the hysteresis loss of a loop (shown dotted) having tips equal 
in amplitude to the points, Q, R, on the flux curve, which is ob- 
viously much too low. If, as in the present definition of form 
factor, we integrate for the average value from the zero point 
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(b) to the zero point (c) the two small areas of the voltage wave 
included, one plus and one minus will cancel and the average 
value will be measured by the area of the large positive lobe of 
the wave. Form factor so measured will indicate a loss corres- 
ponding to a loop having tips of amplitudes S and ¢, but will still 
be too low by the amount of the area of the two minor loops 
caused by the dip in the flux. 

The author also calls attention to the case in which Аҙ is 
three times as great as A, and speaks of a form factor of infinity. 
Fig. 2 shows the curves for this case and it is evident that the 
average voltage is zero when integrated from 0 to 7, simply 
because the two negative areas of the wave are together equal 
to the large positive area. If, as before, the integration is taken 
from b to с the negative and positive small lobes of the included 
voltage wave will cancel and the average will be measured by the 
area of the large positive lobe. In this case the loss is nearly 
twice that caused by the major loop and the standard definition 


Fic. 2 Fic. 3 


of form factor gives a value which in the equation for hysteresis 
loss 15 useless. 

In Figs. 1 and 2 we have considered the lag of the third com- 
ponent as 60 fundamental degrees. If there is no lag both waves 
wil! start from zero together and the conditions will be as shown 
in Fig. 3. In this case the largest average comes when integrat- 
ing from 0 to т. The flux variation will give minor loops dis- 
placed sideways and approximately symmetrical to the H axis. 

With even harmonics present in the voltage wave the two lobes 
of a cycle may be of equal time length, but the plus and minus 
amplitudes of the integral or flux wave will not be alike and there 
will result a displaced hysteresis loop having an area in excess 
of the symmetrica! loop of the same double amplitude and giving 
losses in excess of those indicated by the г. m. s. voltage and form 
factor. In other cases with even harmonics, the two lobes may 
be very different in shape, of different length and yet the flux 
waves will have the same symmetrical amplitudes and the loss 
will accurately agree with that indicated by the r. m. s. voltage, 
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and the form factor figured between symmetrical zero values 
of the wave. 

On account of these indeterminations and the uselessness of 
form factor for very distorted waves, it should be considered 
for waves which cross zero only twice per cycle and which con- 
tain only odd harmonics. Transformer and other magnetic 
cores are today subjected to waves containing even harmonics 
and very distorted odd harmonics waves, but the form factor as 
now defined is of no use in these limited and special cases. 

In his solution, the author has made the mistake of integrating 
for the average value between the zero points of the funda- 
mental component, instead of the zero points of the composite 
wave. A few checks of points shown in the curves indicate 
that this method has been followed out in working up the curves 
of figures 1 to 7 inclusive and they are, if we are to consider the 
generally accepted definition, in error for all points except values 
for 9 = O up to E; = 1, where 0 = 60 deg., up to E; = 0.333 
and for = 120 deg. up to E, = 1 

In the paper on distortion factors the distinction and relative 
value of deviation, distortion factor, harmonic factor and curve 
factor, are very well brought out and the facts given should be 
considered in establishing a better standard for wave shape 
variation, than the one now defined. 

The definition for differential distortion factor 1s given as thé 
ratio of the r.m.s. value of the first derivative of the wave with re- 
spect to time, to the r. m. s. value of the first derivative of the 
equivalent sine wave. I believe I was the originator of the 
expression for the distortion factor, of course deriving it from 
Mr. Davis's condenser test, distortion ratio. I gave the defini- 
tion to the Standards Committee as the ratio between the r. m. s. 
value of the first derivative of the wave and the г. т. $. value 
of the wave itself. "There is nó good, I take it, in putting in the 
denominator, the derivative of the equivalent sine wave, be- 
cause it is exactly the same as the r. m. s. value of the wave 
itself. In the same way in the case of Prof. Bedell's new con- 
stant we may invert and define cos y as the ratio of the mean 
square of the wave to the product of the differential and integral 
of the wave. 

In the last paper, by Mr. Mizushi, I think we have a very novel 
and interesting solution of non-sinusoidal currents. The 
derivation and graphical representation of Figs. 4 and 5 are 
especially interesting, and since they are built on a good mathe- 
matical foundation I believe this method of calculation will come 
into general use, provided we can easily determine the constants 
delta and sigma. 

Harold S. Osborne: A communication has been read from the 
Joint Committee on Inductive Interference calling attention to 
the predominant effect of the high-frequency components of the 
current and voltage waves of power systems in the production 
of noise in telephone circuits by induction. Аза matter of fact, 
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the noise induced in telephone circuits by power circuits would 
practically vanish if all power voltages and currents were pure 
sine waves. There are thousands of miles of parallel between 
telephone pole lines and high-tension power circuits, and reduc- 
tion in the efficiency of telephone circuits, due to induced noise, 
is quite general. It is not believed, however, that there is in 
the whole country a single case where any important part of the 
noise in the telephone circuits is due to the sine wave 60-cycle or 
25-cycle components of the induced currents. The committee 
has suggested that in view of these facts an interference factor be 
considered in taking account of wave distortion, in which factor 
the harmonics should be weighted proportional to the square of 
their order up to a frequency of 700 or 800 cycles, and then 
weighted uniformly for higher frequencies. 

The two curves given illustrate the reason for that suggestion, 
and show that the weighting suggested for the higher harmonics 
is very moderate from the standpoint of inductive interference. 

Refer first to Fig. 4. 

With given voltages or currents of different frequencies in the 
power circuit, the current produced in the telephone line, within 
the range of frequencies with which we are concerned, is roughly 
proportional to the frequency. This is represented by curve A 
in this figure, which is drawn with 60-cycles representing unity. 
The weighting of harmonics which 1s given in this curve is the 
same as that given in computing the differential distortion factor. 

А second factor which must be considered is due to the fact 
that some of the telephone terminal apparatus is designed not 
to transmit currents having frequencies below the telephonic 
range. The magnitude of this factor for one type of telephone 
terminal apparatus is represented by curve B in the figure, which 
is drawn so as to pass through unity at 60-cycles. This curve 
shows the ratio of current in the receiver at any frequency to 
current in the receiver at 60 cycles for a given line current. It 
will be seen that for frequencies below about 200 this type of 
telephone terminal apparatus is designed to largely eliminate 
the current, so that at low frequencies the percentage of the line 
current which gets into the telephone receiver is small. 

А third factor which enters into the production of inductive 
interference and which also varies largely with the frequency 
is the amount of interfering effect which is caused by a given 
amount of current in the telephone receiver. This is the effect 
which is referred to by the committee. It is represented in Fig. 
4 Бу curve C, which is also drawn with unity at 60 cycles, and 
which shows the relative amount of interfering effect which is 
caused by currents in the telephone receiver of a given magni- 
tude and of different frequencies. The interference effect is 
measured by the effect on the intelligibility of telephone con- 
versations. : Curve С is based on an experimental investigation 
which was carried out under direction of the committee. 

The total relative effect of currents or voltages in the power 
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circuit of a given magnitude and of different frequencies can be 
represented approximately by the product of these three curves. 
This product is represented by Fig. 5, which is drawn to a scale 
in which 60 cycles is unity. It will be seen that below 180 cycles 
the inductive effects practically disappear, that they increase 
very rapidly up to a frequency of 800 or 1000 cycles, and less 
rapidly up to about 1600 cycles. At frequencies above 1600 the 
effect would probably begin to decrease. 

These curves would not apply exactly to specific cases, and can 
give an idea only of the order of magnitude of the effect of dif- 
ferent frequencies. Many of the factors depend on the par- 
ticular conditions assumed. There are other factors which also 
enter into the problem in particular cases. The most important 
of these is the manner in which the currents and voltages occur 
in the power circuit, namely, whether they are balanced between 
the line wires of the power circuit or are impressed between the 
line wires and the ground. For example, in a three-phase star- 


RATIO TO ЕРЕСТ OF 60 CYCLE CURRENT 


0 200 400 600 800 1000 1200 1400 1600 з= EE 
FREQUENCY, CYCLES PER SECOND FREQUENCY СОЛЬ 


Fic. 4—RELATIVE EFFECT OF Cur- Ес. 5—VARIATION OF INTERFERENCE 
RENTS OF DIFFERENT FREQUENCIES COEFFICIENT WITH FREQUENCY 


connected system, with a grounded neutral, the third harmonic 
and its multiples do not appear between the line wires, but ‘appear 
between all the line wires and the ground. For a given fre- 
quency, currents which occur in that way have a much greater 
inductive effect on neighboring circuits than currents which 
appear between the line wires and which are balanced with re- 
spect to the ground. 

By the use of some such curves as these, or the more moderate 
curve suggested by the committee, we could compute an inter- 
ference factor, as they suggest. The committee suggests that 
in combining the interfering effect of a number of currents of 
different frequencies occurring in the same wave, the effect be 
added according to the r.m.s. law. It might be said that al- 
though the direct experimental work to test this law, which was 
spoken of in the committee communication, has not yet been 
carried out, there is a certain amount of evidence to support 
that suggestion. It has been found, for example, that the com- 
bined effect of a number of complex noise currents in a telephone 
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receiver is approximately equal to the г. т. $. of the effects of 
the individual complex noise currents. 

To manv who have not come into contact with telephone work, 
a discussion of harmonies in the power circuit having frequencies 
of 1000 or more might seem to be purely academic. I think 
the curve shown in Fig. 5 illustrates whv that 1$ not the case. 
In most of the cases of noise 1n telephone circuits which have been 
carefully analvzed, the noise has been found to be due to the com- 
bined effect of a great many currents of frequencies covering a 
wide range, components up to 1200 cycles or more being import- 
ant іп the production of the total effect. In some cases the noises 
are due predominantly to one ог two frequencies. [n such cases 
the predominant frequencies are usually of fairly high order and 
are frequently due to the slots in the armatures. Slot harmonics 
are very often of a frequency well within the most sensitive range 
for the production of interference in telephone circuits. For 
example, a 60-сусіе three-phase generator, with two slots per 
pole per phase, has slot harmonics, when they occur, of the 11th 
and 13th order, which are well within the sensitive range. One 
case comes to mind in which the slot harmonics in a machine of 
this sort were large enough so that when the particular machine 
was operated the nearby telephone circuits were put out of ser- 
vice, although when other machines were operated on the same 
power lines no effect was noticeable. In this case the inter- 
ference factor of the machine causing the trouble, as figured from 
Fig. 5, would be something over 3000. The pole pieces of the 
machine were in this case modified, and in that way the inter- 
ference factor was reduced to about one-half of its former value. 
А new machine which was designed for the same service had ап 
interference factor of about 500, or about one-sixth of that of 
the original machine. Another case comes to mind in which a 
25-cycle machine had a large 35th or 37th harmonic. It had 
eighteen slots per pole, which was the cause of the harmonic, and 
produced a sufficiently large harmonic of that order to cause a 
very large disturbance in telephone circuits. 

The curve of Fig. 5 is drawn with unity at 60 cycles. On 
that curve 25 cycles has an ordinate of approximately 0.03. 
This fact indicates why, with a given wave shape, the interference 
from 25-cycle systems is much less than that from 60-cycle 
Systems. 

The interfering effects of the components of current of high 
frequency are, of course, equally large if they occur in d-c. ma- 
chines, as is ‘sometimes the case. This fact suggests that a 
measure of the interference effect of a machine can best be ob- 
tained by figuring the equivalent volts or amperes at a given fre- 
quency of the components which enter into the interference, 
weighting them in accordance with some such curves as have been 
shown. Any interference factor based on the curves given above, 
or such as suggested by the committee has the disadvantage that 
it is somewhat difficult to measure or compute. It does not 
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seem, however, that this is a sufficiently important difficulty to 
prevent its use. Admittedly the production of pure sine waves 
is a practical impossibility, but it is believed that it would be 
easily possible, and a true economy, to considerably reduce the 
interference producing power of electrical machinery as now 
constructed. 

W. V. Lyon: I agree with Dr. Bedell that the form factor of 
an alternating e. m. f. has little or no important significance. 
Entirely different wave shapes may have identical form factors. 
For example, one that consists of a fundamental and a 75 per 
cent third harmonic which is in phase with it has the same form 
factor as a pure sine wave. We may even be misled when con- 
sidering its probable effect on the hysteresis loss in a transformer. 

The effective or r. m.s. value of an alternating e. m. f. is 
equal to the г. m. s. of its several harmonic components. It 
depends in no way upon their phase relations. The average 
value of a non-sinusoidal wave 1s not by any means as easily 
found even when we know the harmonic components and their 
phase relations. Article 16 of the revised Standardization Rules 
Says: 

“ Form factor is the ratio of the r. m. $. to the algebraic mean 
ordinate taken over a half-cvcle beginning with the zero value. 
If the wave passes through zero more than twice during a single 
cycle, the zero shall be taken which gives the largest algebraic 
mean for the succeeding half-cycle. The form factor of a sine- 
wave is 1.11." | 

This definition of average value follows from the established 
principle concerning the relation between the flux linking a cir- 
cuit and the voltage produced in the circuit by the flux. 


do 
кран RS 


The flux is a maximum when its rate of change is zero, that is, 
when e is zero. Thus, the average voltage and the maximum 
flux are found by integrating the voltage curve between points 
at which e is zero and which are а half wave length apart. If 
the curve crosses the axis at more than two points in a cycle, 
this integration will give different values. The proper one to 
use is, of course, that which gives the largest value. 

If the voltage wave is symmetrical, the result of this integra- 
tion is: 

Ea = 4 Nf Ọm 10-5 


N is the number of turns, f, the frequency and фт, the maximum 
flux that links the circuit. 
If the instantaneous voltage is 


e = E,sin x + E; sin 3 (x + 6) + Е, sin 5 (x + 6) +..... ; 
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The average value of e is not in general 


1 {7 | 
+f e dx (1) 
0 
1 а + х 
E = +f е ах (2) 


where a is the point at which the e. m. f. 1$ zero and is further 
qualified as stated in Article 16. If simplicity is desired it 15 
unfortunate that the average value is so defined since it makes 
an exact analvtical solution practically impossible in all but a 
few cases. The simplest method is to plot the wave and thus 
determine the zero points—4.e., find а. The average value may 
then be found from the area of the curve or from the value of the 
integral—equation (2). 

If the phase angles 63, 0., ctc. are all zero or equal to 


Ёш 


but 


+ xx + = etc., respectively, equation (2) reduces to 
equation (1) in some cases. 
Let 


e=F,sinx+ E;sn3x4+ Е, sindx+........ 


where the coefficients Ёз, E,, etc. may be either positive or nega- 
tive. 

If the slope of this curve is positive when x = 0, it is probable in 
all practical cases that equation (1) may be used. If, how- 
ever, the slope of this curve is negative when x = 0), it is probable 
in all practical cases that equation (1) is not true. For example, 
suppose that we have an e. m. f. consisting of a fundamental 
and a third harmonic that are either in phase or 1n opposition. 


е = E, sinx + E3sin3 x 
E; may be either a positive or a negative number. 


de 
dt 


= E, cosx 4-3 Ёз cos З x 


de 


wu = Е t 8 Es 


when x = 0, 
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If Ез is positive the curve slopes upward when х = 0 and 
equation (1) applies. See Fig. 6. Even 1 Ёз 15 greater than Ei 
so that the curve crosses the axis more than twice in a cycle, 
this equation will still hold. 

If, however, Ез is negative and greater than one-third of E, 
the curve slopes downward when x = 0 and equation (1) does 
not apply. See Fig. 7. The area from 0 to т 1s less than the 
area from a to а + T by an amount equal to twice the area from 
Оюа. If we should apply equation (1) to the case where the 
third harmonic 1$ three times the fundamental and 1n opposition 
toit, the form factor would be infinite since the area from 0 to п 
1$ Zero. 


By (1) Ег = | 


= Fe [sine анына = 0 
0 


This is of course an extreme case. 


Fic. 7 


In order to find the true average value we must determine 
where the curve crosses the axis bevond x = 0. 
That is: 


E,sinx— ЗЕ яп3х = 0 
or 
sin x — 3 (3 sin x — 4sn*x) = 0 


12 sin? x = 8 sin x 
sin А ШЕ. 
SI) Y = = 

3 


+ 0.817 


x = 54.8 degrees 
Therefore, in equation (2) 


a = 54.8 degrees 
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. The true average value by equation (2) is 


а Бя 
Еж = —— (sin x — 3 sin 3 x) dx 


to 


E 
= => (cos а — cos 3 а) 


= —— (cos 549,8 — cos 1642.4) 


= Т (0.577 + 0.963) 


= 0.972 Е, 


The г. m. s value of this voltage is 


E = 


The form factor is 


2.23 Е; 


7 = оо р Я 2390 


If the voltage had contained any higher harmonic than the 
third it would not have been easy to calculate the value of а. 
_ Thus it appears in general, that, the form factor can only be 
simply calculated from the analytical expression of the voltage 
when the harmonic components are either in phase or in opposi- 
tion and the curve does not cross the axis at more than two points 
іп а cycle. Like practically all rules, this has some exceptions. 
If, for example, the wave consists of a fundamental and a third 
harmonic greater than but in time phase with it, the average 
value should be calculated by equation (1), even though the 
curve crosses the axis at more than two points in the cycle. 

If the wave consists of a fundamental and a 75 per cent third 
harmonic which is in phase with it, the form factor is the same 
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as fora sine wave. Or, if the wave consists of a fundamental, 
а 5.3 per cent third harmonic in opposition to it and a 25 per ' 
cent fifth harmonic 1n phase with it, the form factor will be the 
same as for a sine wave. The first example might be called a 
flat-topped and the second a peaked wave. See Figs. 8 and 9. 

The flux, $, will have as many maximum values as the voltage, 
е, has zero values. Thus 1 the voltage crosses the axis more than 
twice in a cycle the flux will have more than two maximum values 
in a cycle and the hysteresis curve will contain smaller loops. 
Insuch a case the hysteresis loss will be greater than the maximum 
flux would tend to indicate, and the value of the form factor may 
be of little significance, especially in extreme cases. If the volt- 
‘age wave, for example, should consist of a fundamental and а 
third harmonic which is in phase opposition to, and greater than 
one-third of it the hysteresis loop will contain smaller loops 
within itself. If the voltage wave consists of a fundamental and 
a third harmonic which is in phase with it, the third harmonic 
must be greater than the fundamental in order that the hysteresis 


No 


Fic. 8 


loop shall contain smaller loops within itself. Ап e. m. f. which 
crosses the axis more than twice in a cycle will probably have a 
greater form factor than a sine wave. This would indicate a 
smaller maximum flux and thus an apparently smaller core loss. 
But the interior loops on the hysteresis curve will cause a greater 
loss than the maximum flux indicates. The effect of form factor 
however, will probably predominate. 


Не = Esin x + Еззт 3x + Е, sin 5х + .......... 
the effective voltage 1S: 
Е = (Ер + Ер + Е? +.. + và 


and the average voltage is: 


2 Е; 
т 3 


Ea = (5. + ++ аа ) 
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provided the wave does not cross the axis more than twice ina 
cycle. 


(ЕЙ + Es ESQ... y 
f= = 
Pi E 
7v? (Ei + 3-4 RET ) 


т 


И the form factor is the same as for а sine wave, viz., mE 


(E? + E + E} +... ) = (Е + 23 + 2 + » 


If all of the harmonics higher than the third are absent this 
becomes 


2 
E? + Ег = Et + З ВЕ, + = 


8 2 
9 Ё’ = 3 В: Ёз 


Е, 5 E. Gera 


If all of the harmonics higher than the fifth are absent, we 


have 


2 2 
Е? + Eg + Е? = Е? + Es а АА 
9 25 З 


2 2 
Е, Es + 15 Ез Ёз 


Solving for Ёз gives 
E;= 
2 2 2 2 \? 32 0241, 2 


16 
9 


3106 IRREGULAR WAVE SHAPES [June 29 


If we в = a and — = b this reduces to: 


Е, E, 


ic (3+ 2) a (2 + zo) BETTER] 


16 (\3 ' 15 3 ! 15 9 125 


This equation shows the relation that must exist between the 
harmonics in order that the form factor shall be the same as for 
a sine wave. 
If b = + 0.25, the solution fora is: а = — 0.0532. 
(See Fig. 9.) 


A number of years ago the writer was interested in working 
out the conditions for series and parallel resonance when a non- 
sinusoidal voltage is impressed on the circuit. "This 1s a special 
case of the general problem that Mr. Mizushi discusses. The 
method used regarded the problem from a slightly different angle. 
If a non-sinusoidal voltage is impressed on any circuit consisting 
of a combination of a constant resistance, constantinductance and 
constant capacity, the resulting current will consist of a number 
of harmonic components, each of the same magnitude it would 
have if the corresponding harmonic component in the voltage 
acted alone. "The true or ohmic resistance of a metallic circuit 
varies only with the temperature. The apparent resistance 
varies with the frequency and if there 1s iron or other conducting 
material nearby, it will be increased over its true value on ac- 
count of hysteresis and eddy-current losses. The inductance of 
a circuit, even if there is no iron or other conducting material 
nearby, depends upon both the resistance and the frequency. 
If there 1s any iron present the inductance 1$ a complex function 
of its permeability. Тһе capacity of a condenser is generally 
regarded as being independent of the frequency and the dielectric 
strain. If, however, there are dielectric losses or if the condenser 
is a leaky one, the equivalent capacity is not constant. If these 
limitations are neglected the calculated results may be of little 
value in some cases. Their cognizance, however, may make the 
solution extremely difficult if not impossible. In what follows 
it will be assumed that the “ constants " of the circuit are truly 
constant. 

For a series circuit, such as is illustrated in Fig. 10, the rela- 
tion for the mth harmonic voltage and current is 


5212 
Er? АС + r2)? + g а) — zés) ) 


, hy (LY tt 
= (nt nthe eren Int + (zz) = (8) 
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The summation to include all of the harmonics is 


B= Saba (у +) п 5 Pt (Lo) О ті 


2 

1 I. 

+ ( Со п? 

This is equation (D) in a slightly different form. As Мг. Mizushi 

points out, the distortion factors for current are of no practical 

importance since they cannot be calculated until the various 

harmonic components of the current are known and at that time 

the problem has been solved. If the condenser C is a leaky one, 

it is equivalent to closing the switch so that r; is in parallel with 

С. The apparent series resistance and capacity between the 

points d and b now depend upon the frequency and are no longer 
constant, and equation (D) does not apply. 


1 "з 


фен? С? o 


This is а function of the frequency. 


ү 


Fic. 10 


The apparent capacity is 


1 + үз? n? C? а? 
r3 n? о? C? 


C 


С' = 


This is also a function of the frequency. 
Solving equation (3) for J? gives: * 


2 P Fu 
= > ы -> , 2L ] \? 
(ri + r2)? + (Ln w)? = “С + (=) 


Спо 


The maximum value of J would be found by differentiating this 
expression with respect to C. The resulting equation is 


2L по) 
2 Жолы LEE с Ул E 
Es ( p ) 


wen 


| 
о 
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The solution of this equation for С is difficult. It is thus not 
practical to calculate a value of capacity that will give the 
maximum current when a non-sinusoidal voltage is impressed 
on the circuit. An approximate value might be found by 
plotting the current against the capacity. 

The parallel combination of constant resistance, inductance 
and capacity is somewhat simpler to solve. See Fig. 11. The 
nth harmonic of the current is determined by 


2 2 
2= ES E жан пре _ ) 


The square of the total current 15 


== > I,? = > E, ((« + кә? + n? L? ау? ) 


2 
nLo 
+ (tor SEG n ca) ) 


If the resistance of the inductor were zero this equation would 
reduce to Mr. Mizushi's equation (18), which refers to a very 
special case that is of doubtful importance. In general, the 
g in equation (18) is not constant but depends upon the 
frequency and, if there 1$ iron in the magnetic circuit, upon the 
magnitude of the applied voltage. 

The condition for resonance is easily found in this case: The 
condition is 


2 


This reduces to 


nL c 
LICET IIO LER 


From which 


> n? Er? 
ro? + п? L* о? 


У „ Еа 


For this value of capacity the current will be a minimum. 


C-L 
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For a sine wave this becomes the well-known relation 


С = ee 
79 + L? ш? 

A numerical example of this principle proves interesting. A 
reactor which has a resistance of 5 ohms and ап inductance of 
0.1 henry is connected in parallel with a variable capacity across 
а 60-cycle,305.5-volt circuit. If the applied voltage is а sine wave, 
the capacity which gives a minimum current is 69.1 microfarads. 
The least value of the current is 1.06 amperes. If the applied 
voltage consists of a fundamental, a third harmonic and a fifth 
harmonic whose effective values are 300 volts, 50 volts and 30 
volts respectively, the capacity which gives a minimum current 
is 47.9 microfarads. The least value of the current is in this 
case 4.53 amperes—an increase of 290 per cent. If the resist- 
ance of the reactor is neglected, the calculated minimum value 
of the current 1$ 4.25 amperes for a capacity of 48.7 microfarads. 
This is about 6 per cent less than the actual value. If the resist- 
ance of the reactor had been 50 ohms, the minimum current 
would have been 4.71 amperes for a value of the capacity of 
18.5 microfarads. In the latter case if the applied voltage were 
sinusoidal the minimum current would be 3.90 amperes for a 
capacity of 25.5 microfarads. Ап air-core reactor usually 
has a comparatively high ratio of resistance to inductance. 
Iron in the magnetic circuit is practically necessary if the ratio 
is to be made low, but in this case neither the inductance nor the 
apparent resistance is constant. 

To the writer it seems that the method of solution in which the 
harmonic components are calculated separately is, in general, 
superior, when considered from the combined standpoints of the 
ease, the accuracy and the completeness of the results. 

W. I. Middleton and С. L. Dawes: Probably no type of 
load causes more severe reactions upon alternator e. m. f. waves 
than those brought about by cable testing. The load inherently 
1$ single phase and this alone causes pulsating armature reaction. 
The exciting current of the step-up transformer may contain a 
large percentage of harmonics, if the transformer is operated at 
the high densities common to testing transformers. "These 
two effects may introduce harmonics into the voltage wave even 
if it be sinusoidal at no load. The cable capacity accentuates 
these harmonics in the current wave and more distortion follows; 
these reactions may be cumulative until checked by the counter- 
reactions of the alternator or of the circuit. 

As was shown by the writers, ina paper* presented at the 
Detroit Convention of last year, many wide departures from a 
Sine wave may be encountered under the foregoing conditions. 


*“ Voltage Testing of Cables," W. I. Middleton and Chester L. Dawes, 
А. I. E. E. Proc., June 1914. 
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Even with the same cable the wave is influenced by such factors 
as the method of connecting the transformer coils, whether in 
series or in parallel. For instance, Fig. 12 shows the voltage and 
current waves, when a 0.1-microfarad cable was connected to the 
transformer secondary. The voltage wave is commercially sinu- 
soidal and the current has no appreciable harmonic beyond the 
third. Fig. 13 shows an oscillogram taken with the same cable ex- 
cept that the transformer ratio was halved, the voltage upon the 
cable being maintained at its previous value. It will be observed 
that voltage wave has even avery appreciable fifth harmonic, 
and the peak factor has increased to 1.81. The third harmonic of 
the current wave has an amplitude of about 50 per cent greater 
than that of the fundamental. 

Fig. 14 illustrates another point brought out by Prof. Bedell, 
the fact that a voltage wave may contain very appreciable har- 
monics, vet the phase relation of the harmonics is such that the 
peak factor i is equal 1.41 as in a sine wave. 

It is obvious that with such a wide variation of — factor, 
cable testing might be very unsatisfactory from the standpoint 
of accuracy. As Prof. Bedell has demonstrated, the magnitude 
and number of harmonics alone have no bearing on the peak 
voltage. Some simple and direct method of measurement of 
_ peak values is necessary for our work. We find it quite hazardous 
measuring the peak voltage with a spark gap, because the break- 
down of the gap is almost certain to cause circuit oscillations 
destructive to the cable. Further, the gap is not adapted to 
commercial testing where a large number of tests must be made 
in а comparatively short time by non-technical men. То put 
the testing upon a more accurate basis, a peak voltmeter based 
upon the oscillograph was devised. The instrument 1s placed 
directly upon the switchboard. It сап be easily and accurately 
manipulated Бу the testing room employee. 

Harmonics may cause troubles other than the mere distortion 
ofthe wave. Surges and premature break-downs may occur when 
the voltage is being raised, due to transients or to so-called static 
discharges over the end of the cable. А disturbance of this 
nature is shown in the ripples that appear in Fig. 14. Isolated 
cables may puncture, due to their being in close magnetic coup- 
ling with the cable under test. It was therefore considered 
advisable to install a generator having a sine wave under all 
conditions of load, if one was obtainable. Such a machine was 
built under the direction of Professor C. A. Adams. Even under 
the most severe conditions of load, no appreciable departure from 
а sine wave has as yet been observed. The armature is a standard 
three-phase stator, two of the phases only being utilized. The 
field has a special distributed winding and 1$ surrounded by 
dampers. [If a generator of this size can be designed to main- 
tain a sine wave under these severe conditions of load, surelv 
the larger units with practically balanced polvphase loads can 
be designed to do likewise. 
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In view of recent investigations of telephone disturbances; of 
inexplicable surges and breakdowns in power systems, especially 
cable svstems; of the difficulties encountered in testing long cables 
installed; and of the increasing refinements in electrical measure- 
ments, we believe that in the near future, alternator specifica- 
tions will call for a fairly rigid adherence to a sine wave. 

Comfort A. Adams: Of course Mr. Dawes does not mean 
literally a perfect sine wave, but practically a perfect sine wave. 
The machine referred to actually gives under all conditions 
of single phase load a terminal voltage wave so nearly sinusoidal 
that no harmonics are detectable in oscillograms of either volt- 
age or cable charging current, Бу a trained observer. 

In regard to the first two curves presented by Mr. Dawes, the 
change, when the transformer connections and the excitation of 
the alternator were changed, was, I feel quite sure, not due to 
the change in the armature reaction, so much as to the fact that 
the change from series to parallel connection in the transformer 
coils changed the equivalent inductive-reactance of the alternator 
and transformer, which is substantially in series with the capac- 
ity-reactance of the cable. I found this same phenomenon 
in a number of other cases of cable testing apparatus. There 
was distinct evidence of resonance between the capacity- 
reactance of the cable and the inductive reactance of the trans- 
former and alternator coming at different stages of the load for 
the different harmonics. As vou increase the capacity, the 
lower harmonics appear and the higher harmonics are absorbed 
in the inductive reactance. In fact, sufficient series reactance 
will absorb such a large part of all the harmonic voltages that 
may have been produced in the alternator, that the voltage 
across the cable is substantially sinusoidal. Armature reaction 
undoubtedly does come into plav, but I think in this case the 
change in the inductive reactance was responsible to a large 
extent for the difference in the magnitude and frequency of the 
harmonics appearing at the transformer terminals. Another 
disturbing function in such a case is the distorted exciting cur- 
rent of the transformer. 

С. Г. Dawes: Referring to these particular oscillograms, the 
best generator wave was obtained when the circuit was nearly 
in resonance with the fifth harmonic. For instance, in Fig.12, 
the natural frequency of the cable and transformer circuits was 
110 cycles per sec., whereas the frequency of the fifth harmonic 
was 115 cycles per sec. corresponding to the fundamental fre- 
quency of 23 cycles persec. In Fig. 13, which shows а very high 
degree of wave distortion, the natural frequency of the circuit 
was 215 cycles per sec. corresponding nearly to the frequency of 
the ninth harmonic. Of course 1t was impossible to make an 
exact calculation of the resonant circuit frequency, due to the 
variable nature of the permeability of the transformer iron, which 
Was operated at a very high density, and also to the fact that the 
synchronous reactance of a single-phase alternator is an indeter- 
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minate quantity. Our explanation of the best wave shape being 
obtained under conditions tending to accentuate the lower har- | 
monics is that the transformer iron was operated at such a high 
density in Fig. 13 that its exciting current consisted mostly of 
harmonics, and these through armature reaction produced initial 
distortion in the flux, and therefore the voltage wave. In 
Fig. 12, because of the lower generator voltage, the transformer 
iron was operating at half the former density, and therefore the 
exciting current must have been more nearly sinusoidal, and 
much less 1n magnitude. 

E. Е. Е. Creighton: Do I understand that these oscillograms 
were taken with that machine designed Бу Prof. Adams? 

C. L. Dawes: No, these were taken from the original genera- 
tor. This has been superseded bv the machine designed by 
Prof. Adams. I have no oscilloyrams of the new generator with 
me. 

E. E. F. Creighton: I think that is an important point. 
You see the machine has teeth in it, and I am wondering whether 
you are not getting exactly the same thing with different capaci- 
ties. Ihave not been able to get rid of the tooth harmonics, and 
the only way we can get rid of these harmonics 15 by making 
the core smooth, smooth iron surface all the way through, and 
it seems to me anything in the form of a practical generator would 
always give these ripples, if the capacity and the inductance were 
of the proper value, to magnify them. These currents would 
carry back into the generator and react in the armature and still 
further magnify the effects. 

С. L. Dawes: The tooth harmonics of an alternator тау be 
reduced to an almost negligible quantity by making the number 
of slots per pole per phase a non-integer. This produces а 
Vernier effect. For instance, the effect of one and a quarter slots 
per pole per phase has the same effect upon the wave form as 
five slots per pole per phase. At Cambridge under Prof. Adams's 
direction we have wound induction motor rotors with a distri- 
buted field winding, and used the motor as an alternator. Even 
with this very short air gap, the tooth harmonics have been 
made almost negligible, due to the fact that the ratio of rotor to 
stator teeth was so chosen as to produce a Vernier effect. 

E. E. Е. Creighton: Did you try to resonate? 

C. L. Dawes: We did not attempt to resonate, but connected 
a condenser load to the machine and looked for harmonics in 
the current wave. 

Comfort A. Adams: I do not wish to ap pear to claim that it 
is a perfectly easy matter to design commercia] alternators that 
will eliminate all possibility of resonance, as suggested by Prof. 
Creighton. But I do think that this possibility can be reduced to 
such a degree of remoteness that it need not be considered, and 
this too ш a machine costing only a little more than a standard 
alternator of the same rating. I wish also to point out again 
that in the case of a full capacity load, the reactance of trans- 
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former and alternator will absorb all the high harmonics, and 
that a moderate amount of additional senes inductive-reactance 
will insure a substantial sine wave of terminal voltage with al- 
most any alternator. The danger comes with small capacity 
loads. 

L. W. Chubb: I have noted several cases of resonance of 
multiple frequencies in circuits in which there was onlv a load 
or voltage change. The effective inductance of iron cores de- 
creases with increased saturation and in some cases the presence 
of small high-frequency components of voltage will cause destruc- 
tive resonant disturbances. In one case I have in mind the 
resonance of a fifth-harmonic voltage across the terminals of a 
testing transformer at a certain excitation would mse to over 
400,000 volts by a spark gap, while the ratio would indicate less 
than 200,000. The ratio just above and below this point would 
be approximately correct and the fifth-harmonic voltage almost 
unnoticeable. 

John B. Whitehead: The net result of the discussion has 
indicated, it appears to me, that there are certainly not any one 
of these factors towhich wecan turn in mecting the troubles caused 
by irregular wave form. But it 1$ interesting to note that the 
discussion has finally taken the turn of suggesting that it тау be 
possible, after all, to obtain a reasonably pure sine wave. Within 
the last few months I have been attempting to get a small 
generator, 50 kv-a. with a pure wave, and I think I shall succeed. 
In discussing this particular generator the designing engineers 
of one of the large manufacturers have given me considerable 
information, and I hope that Mr. Foster, with whom I have 
discussed this generator quite recently, will sav something about 
a large generator, the curves for which he has shown me within 
the last few davs, as bearing on the question of capacity and its 
relation to wave form. Possibly he may not wish to say any- 
thing, but it was so interesting that I hope he will tell this au- 
dience what he was willing to tell me. 

William J. Foster: Before speaking directly on the point 
brought up by Dr. Whitehead, I wish to sav that during the 
last five years very decided improvements have been made іп 
the design of generators in the matter of potential wave for all 
conditions of load. At the same time this improvement has 
been going on, the natural development and progress in trans- 
mission work has assisted 1n the no-load condition, for the reason 
that the large waterwheel and steam turbine generators are 
of so great capacity that they have very large air-gaps, in com- 
parison with the breadth of the slots, which tend to minimize 
the harmonics. Most decided improvements have been made 
„in certain little details of construction which tend to eliminate 
the effect of the slot.  Itis possible to produce an effect 
equivalent to a machine of a very large number of slots per pole. 

To illustrate, suppose we have a machine that 1s designed for 
forty-two poles with one slot per phase per pole, but it is con- 
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nected up for forty poles,—we then have the effect of twenty-one 
times the number of slots, or sixtv-thrce slots per pole. 
which, for 60 cvcles, carries us beyond what has been pointed 
out in this lony message that we have from the Pacific Coast as 
the upper limit of telephone interference. 

The particular machine that Dr. Whitehead has referred to 15 
a large waterwheel-driven generator, with small number of 
slots, running at very low speed, which has the Vernier idea 
introduced into it, the same as in the case of some other recent 
machines. But what concerns us now is the establishment of 
some standard by which to test the wave, and I had hoped from 
Dr. Bedell's work and these papers and the discussion that we 
might arrive at some conclusion. As far as I am personally 
concerned, I know of nothing better than the measurement of 
the deviation from a true sine. It was nearly twenty years ago, 
in connection with an installation abroad, that we were asked to 
draw up some clauses for the specifications. At that time we 
had no oscillograms or wave meters, and the potential waves 
were determined by the contact, instantaneous method, and 
plotted. It was then customary to plot in rectangular co- 
ordinates, but the clause that was drawn up for these specifica- 
tions was on the basis of plotting in polar co-ordinates, and 
determining the percentage on the radii intersecting the equiva- 
lent circle. I still think that the deviation from a true sine,— 
if we could arrive at something that would be fair, which would 
be possibly 3 per cent at no-load, 5 per cent at 100 per cent power 
factor full load, and 7 per cent at 80 per cent power factor,—at 
the present time is, perhaps, about all we are ready for, unless 
these gentlemen, from the theoretical standpoint, can suggest 
some instrument by which we can measure the harmonic factor 
or curve factor, or a combination of the differential and integral 
distortion factors, so that we will be able to catch the harmonics 
which are causing the greatest trouble. 

The machines which have been referred to here by Dr. Adams 
and Dr. Whitehead are machines which have been built with 
reference to a good wave form under different conditions of load, 
and consequently they can hardly be considered as commercial 
machines. Although the air-gap 1$ small in some of them, the 
armature reaction is low, consequently they are costly machines. 
They are built with reference to minimizing the effect of arma- 
ture reaction, whereas the tendency has been towards very large 
generators in commercial work that require high armature 
reactions and consequently heavy distortions under load condi- 
tions. Another reason for such machines is that they are better, 
far better for general use, in that they are more immune from 
line troubles, etc., the instantaneous short circuits being reduced | 
to a low value. Consequently, if rigid requirements are made 
for all conditions of load, as has been proposed, it will mean more 
costly machines and also, as far as I can see, must limit the 
capacity of the machines. As we are contemplating 50,000-kw. 
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generators, and even larger, it is quite a problem to face the 
situation brought about Бу what is asked or suggested by the 
telephone companies. 

Frederick Bedell: The points raised by Mr. Chubb and 
others in regard to form factor are without doubt techni- 
cally correct, although thev do not atfect materially the general 
character of the conclusions. They do, however, affect some of 
the numerical results, particularly in extreme cases. The results 
given in the paper were obtained bv integration from the zero 
of the fundamental wave, which makes solution possible, and 
not from a zero of the total wave (as strictlv thev should be), 
which would make the solution extremely difficult if not im- 
possiblein many cases. 

Mr. Lyon, as well as Messrs. Chubb and Adams, has shown* 
that even for the particular study of hvsteresis loss, the use 
of form factor is not exact in extreme cases, although exact 
enough in most practical cases. АП agree with the conclusion 
of the paper that, aside from the study of hysteresis loss, form 
factor is meaningless as an indication of wave distortion. 

Mr. Chubb has told us of his early use of the differential 
distortion factor as a measure of wave distortion. Its use in 
a-c. equations was, however, previous to this, being developed 
by B. Arakawat under the direction of the writer in 1908-1909. 

Messrs. Middleton and Dawes have most interestingly brought 
out the important effect of wave distortion in connection with 
cable testing and have emphasized the desirability of having the 
least possible distortion for such testing. 

The Committee on Inductive Interference in their message 
from San Francisco likewise point out the great effects of higher 
harmonics in telephone disturbance and suggest penalizing the 
higher harmonics even more than is done by the differential 
distortion factor 6. Dr. Osborne has given additional data 
bearing on this. To weight the several harmonics up to a cer- 
tain frequency in an arbitrary manner would, however, have the 
disadvantage that the result would be arbitrary or empirical, 
incapable of direct measurement (unless one invents an in- 
telligibility meter), and incapable of use in analytical equations. 
If 6 or some function of 6 could serve their purpose for practical 
purposes, it would have the advantage of general applicability, 
not limited to this one case only. Still, a special interference 
factor may be necessary. 

Mr. Lyon concludes that the well-known method of solution 
in which harmonic components are calculated separately is 


*This is shown by М. С. Lloyd, "Effect of Wave Form upon the 
Iron Losses in Transformers," Bul. Bureau of Standards, Vol. IV., p. 
477, 1908. 

{Зее “Vector Representation of Non-Harmonic Alternating Current, ” 
Physical Review, p 409, Nov. 1909 ; The correction factor p there 
used (p. 424) is the distortion factor Ó 
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superior in the completeness and accuracy of the results. No 
one will disagree with this, but such a method of solution assumes 
that we have available the complete wave form and its analysis. 
At times we wish to handle such problems without these data, 
either through choice or necessity, and it is for this purpose 
that these papers have been prepared. The method of separate 
harmonic components and the method of these papers, are not 
rival or alternative. Furthermore, it is to be kept in mind that 
the method of separate harmonic components, as well as the 
method of these papers, unless modified can be applied with 
accuracy only when R, L and С are constant, and so has по ad- 
vantage in this respect. The assumption of constant R, L and C 
is, however, a close working approximation in many cases, even 
when it is not exact. Solutions have been published* for сег- 
tain special cases in which К, L and C are not constant. 

When a quarter of a centurv ago analytical and graphical 
methods, based on the assumption of a sine e. m. f. and constant 
R, L and C, were being evolved—such methods for example as 
are given in Bedell and Crehore's “ Alternating Currents ”- 
the criticism was commonly heard that such treatment was 
academic and useful only for the theorist, for the reason that 
alternating currents in practise were not true sine waves and 
R, L and C were not constant, so that the results could not be 
of practical value. But this criticism soon wore awav, and every 
engineer has used with success methods based on these assump- 
tions for calculating transmission line regulation, the behavior 
of a transformer or induction motor by the circle diagram, or 
some similar problem. So won over to the sine-wave assump- 
tionis the practical engineer that, not uncommonly, he now stands 
on the other side of the fence and says of harmonics that they 
may possibly exist, but that their study 1s academic and only for 
the theorist. Harmonics, however, do exist, and while in many 
cases they may be neglected, there are other cases, as has been 
brought out in this discussion, in which their effect is important; 
it is for these cases that these papers have been prepared. 


*‘‘Тре Effect of Iron in Distorting Alternating-Current Wave Form,” 
by Е. Bedell and E. B. Tuttle, Trans. А. I. E. E., XXV, р. 671, 1906. 
“ Distortion of Alternating-Current Wave Caused by Cyclic Variation of 
Resistance,” Бу Е. Bedell and E. C. Mayer, Proc. A. I. E. E., Feb. 1915. 


1915] DISCUSSION AT DEER PARK 3117 


DISCUSSION ON “ FOUNDATIONS FOR TRANSMISSION LINE TOWERS 
AND TOWER ERECTION” (WALLS, LEEPER, MITCHELL, Down- 
ING, CONNERY),AND “FOUR YEARS’ OPERATING EXIERIENCE 
ON A HIGH-TENSION TRANSMISSION Ілме” (BANG), DEER 
Park, Мь., Ісхе 29, 1915. (SEE PROCEEDINGS FOR JUNE 
AND ] сту, 1915.) 

(Subject to final reviston for the Transactions.) 

К. J. McClelland: Asa large part of the transmission line 
tower failures in the past have been dueto weakness inthe founda- 
tions or footings, rather than in the towers themselves, the topic 
under discussion is a pertinent one. Lack of complete informa- 
tion on the behavior of tower foundations in different soils has 
doubtless been laryely responsible for such unsuitable designs 
and methods as have been employed, and transmission line 
engineers have come to an appreciation of the need of thorough 
acquaintance with the soil conditions with which they have to 
deal in any given case. This has led to making not only test 
pits along the route, but to conducting tests on sample founda- 
tions in place at different points. ' 

It may be of interest to show some results of tests which were 
carried out for this purpose in designing the tower foundations 
for the 130 kv. line between Grace, Idaho, and Salt Lake City, 
which was built in 1913 for the Utah Power & Light Company. 
Various locations fairly representing the different soils were 
chosen, and steel and concrete foundations of different proposed 
types were set and tested for their holding power against vertical 
uplift, the movement under varving loads being recorded. 

Figs. 1 and 2 will serve to illustrate the results secured from 
individual tests, while Fig. 3 gives a summary of the series of 
tests. 

It is unfortunate that the available time did not allow a similar 
series of tests, for comparison, to be made upon duplicate 
foundations after allowing settlement of the backfill for several 
months or a year. As it is known that the holding power very 
materially increases during, at least, the first several months, 
the results obtained were regarded as a conservative representa- 
tion of the ultimate conditions, and therefore safe as a guide 
in design. 

One of the points brought out was that the upward movement 
of the foundations would, as a rule, become appreciable with a 
pull of approximately 2000 lb. per sq. ft. for backfilling which 
had stood 20 days. It was further noted that the uplift under 
these conditions would generally vary from $ in. to 1 inch 
by the time the pull was equal to only one half of the weight of 
the 30 deg. earth cone which is ordinarily used to calculate the 
holding power of footings. The above, which tends to show 
that the bearing pressure of the upper surface of the grillage 
against the earth has considerable influence, especially beyond 
a depth of 3 or 4 feet, would indicate that attention should be 
given to providing sufficient area to keep the unit pressure at 
a moderate value. In these tests the bearing pressure, 
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after continual movement had begun, varied from 1000 1b. 
per sq. ft. for freshly tamped wet backfills up to 4 and 5 tons 
for dry clay and gravel after having stood 20 days. 

Test No. 2 shown in Fig. 3, exhibiting a very low value for 
uplift, was made in the old exposed bed of Great Salt Lake, 
where the soil was very wet and consisted of stratified clays 
which came out in lumps when excavated. During the tamping, 


SKETCH OF Ground began Breaking , 
GROUND PLATE 


FEET UPLIFT 


20,000 
POUNDS PULL DIRECTION OF TOWER LEG 


Fic. 1 


Test made in Milliken open hearth building—reported May 13, 1913, Бу Е. Е. Moore— 
backfill carefully tamped—test made 20 hr. after hole was refilled. 


Results of Test. 


Pounds Pull Ft. Uplift 
8,400 0.031 
12,000 0.073 
14,000 0.083 
16,000 0.109 
18,000 0.135 
20,000 0.167 
22,000 0.188 
24,000 0.224 
26,000 0.255 
28,000 0.302 Ground began 
30,000 0.417 breaking and upheaving 
31,000 О 521 


Further increase in load produced steady movement of anchor. 
Wt. of cone of earth (sides 30 deg. to vertical) = 33,250 1b. 
Earth pressure at 25,000 lb. load = 8800 Ib. per sq. ft. 
Grace ертінді transmission tower footing test—2 channel stub—earth fill. 


the backfill became much of the consistency of putty because 
of the inability to keep the hole clear of water. The test made 
after two days showed that the footing would steadily pull up 
with force of less than 1000 lb. рег sq. ft. without any movement 
whatever of the ground surface. 

Specific instances of footings displaced by not unduly heavy 
wind pressure upon towers and conductors within a short time 
after erection are not particularly rare, but after thorough settle- 
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POUNDS PULL 


Fic. 2 

Test was made July 8, 1913, at Terminal Substation site. 

Reported July 12, 1913, by J. C. Damon. 

The water was dipped from hole “В”, stub placed and concrete poured in to а depth of 
lft. 9in. A 15 1. square prism of concrete was placed around main angle to level of ground 
surface. The water was again removed and backfill placed and tamped—rapid inflow, 
however, produced a very wet backfill. 

Test was made 11 days after backfill was placed. 

Results of Test. 

Wt. of earth cone and concrete (sides 30 deg. to vertical) = 78,400 lbs. 

Earth pressure at 38,000 lb. load = 1,900 lb. per sq. ft. 

Curve А shows the results of the first test: at 38,000 Ib. load the stub continued to rise 
as if coming through viscous material; load was removed and stub allowed to stand a few 
moments, during which time it settled back to within 0.08 ft. of its position at the start. 

Curve B shows the continuation of the test—at 31,000 lb. pull the stub reached its pre- 
vious uplift of 0.14 ft., and at 32,500 Ib. pull the stub yielded so that no further force could 
же developed. 

The ground cracked only slightly at the surface. 
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Fic. 3— CURVES SHOWING RELATION BETWEEN U PLIFT AND APPLIED PULL 
Curve Time 


No. Elapsing Type of Stub Backfill 
1 1 day 2 channel A in earth Dry, well tamped 
2 2 days 2 A Wet and soft 
3 2 days 2 О. А Dry, well tamped 
4 1 day 2 Med m 25 Dry, rocks tamped in hole 2} ft. 
5 1 hr. 2 ы.а” ге Dry, rocks tamped in hole 
6 1 hr. 3 ТА ИЕСІ Dry, по rocks used 
7 11 days B stub in concrete Wet and soft clay 
8 20 days Bra Tcov ә Wet and soft quick-sand. 
9 20 days 2 channel A in concrete Wet and soft quick-sand. 
10 27 days 3 To А: ^ 7 Dry, well tamped 


Digitized by Google 
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ment the same footings have shown no movement whatever, 
even during the most severe wind storms. One such example 
is a case in Texas where a steel tower transmission line was erected 
during the early summer months when the soil was in a hard dry 
condition. The backfilling was carefully done, but when the 
fall rains came on, the hard lumps of earth softened up to such 
an extent as to flow around the grillage, allowing five of the towers 
to overturn during a wind storm. The backfilling did not 
become entirelv firm for at least a vear. 

А. S. Mc Allister: After discussing different possible causes 
for deterioration in insulation and eleminating them one by one, 
Mr. Bang concludes that mechanical vibrations and defects аге 
the main causes of trouble. Recently certain Japanese porcelain 
manufacturers tested insulators on the line simultaneously with 
insulators that had been kept in a storehouse during the time 
the others were in service on the line, and they found the de- 
terioration in the one group of insulators to be practically the 
same as that in the other. Thus thereis eliminated another 
cause, namely, the mechanical vibration of the line, which would 
not affect the insulators in storage. 

The Japanese engineers have attempted to overcome the 
difficulty by using between the two parts of each insulator a 
very thin sheet of cement placed in at least three independent . 
sections not in contact with each other, so that in expanding and 
contractiny with changes in the temperature, the cement will 
be expanded lonyitudinally and be subjected to moderate trans- 
verse strains. During the several months 1n which the insulators 
have been in operation they have shown no deterioration. 

E. Е. Е. Creighton: Mr. Bany’s drving-out tests, I think, are 
extremely clever in the deduction he draws from them. Не 
takes a number of insulators and dries them out and measures 
very carefullv and svstematicallv the increase in resistance 
from day to dav, and he draws the conclusion that those that 
dry out first are the ones most badlv cracked, which is quite 
evident when vou think that the ones badlv cracked will have 
the moisture in them from the cement, and those that have not 
yet cracked but are simply porous will be longer in having the 
moisture cooked out of them. In every case I think we can sav 
that the moisture comes from the wet cement which is in the 
insulator and has never been dried out, and once the cement 
has been thoroughly dried out it takes up moisture very slowly 
indeed. 

There was one place where he compared the loss of 1nsulators 
in service and insulators left out of service, and he gives the two 
figures, 8.9 per cent for those in service, and 8 per cent for those 
that were lost while out of service. It must be confessed you 
cannot draw certain conclusions from these figures, but so far 
as the figures ро they show that those that were in service had 
about 10 per cent greater loss than those out of service. If that 
is true, I think it substantiates the opinion of a good many of 
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us that operation in service does deteriorate an insulator to a 
certain extent. There is one point in regard to that which I 
want to take up. The service was not hard on theinsulator at 
all with so many insulators in series that the potential per disk 
is rather low. Mr. Bang in one place mentions the fact that the 
deterioration of insulators is attributable to electrical causes, 
such as switching, surges, arcing ground, high frequency dis- 
charges, etc. I. have mvself championed the high frequency 
theorv, having first, however, shown from all the figures that have 
been given that the mechanical troubles are the predominant 
ones. Mr. Gabv,in Canada, and more recently, Mr. Julian Smith, 
have given some figures, where they have taken many thousands 
of these disks down and examined them and the evidence 1$ 
entirely concordant. The porcelain and iron have a different 
coeffictent of expansion, the expansion of the iron being twice 
as great, and that difference in expansion 15 sufficient to cause 
heavy mechanical strains, whether the insulators are in the sta- 
tions or out on the line. Out on the line, of course, the strains 
will be probably greater, because the temperature changes are 
greater. If we set aside all these, the majority that are cracked 
or damaged mechanicallv, there is still left a certain percentage 
which are damaged electrically or are poor electrically. 

If we ask ourselves this question: Why 1s it that 90 per cent 
of the insulators do not crack mechanically?— we will reach 
the first conclusion, that perhaps there is something in the 
ceramic side. Having gone through a great many electrical 
tests, I have concluded that the problem at the bottom is mainly 
ceramic. I have madea study on the ceramic side, made a study 
of the compositions, and I can confirm, in work I have dope, 
some of the conclusions that Mr. Bang has drawn írom his 
tests of soft spots or porous spotsin theinsulators. Porcelain 
is made up of three ingredients, the clay, the flint and the feldspar, 
the feldspar acting as the flux. This material is ground up very 
finelv in a big vat with water, and then subsequently the water 
is taken out by passing it through a filter. In getting the water 
out of these particles, thev are segregated. А little bit more 
feldspar gets in in one spot than there is in another, or there 
is a little more flint in one spot than in another. After that 
segregation has taken place, the manufacturer of porcelain at- 
tempts to get it all mixed up again and passes this soft mud 
through a bug mill which presses the air out of it. This mixes up 
the material again, more or less, but it never is thoroughly mixed. 
These spots in the porcelain are due to the fact that there is a 
lack of flux at that point, or on the other hand alittle bit too much 
flint. It is easy enough to duplicate these conditions by pur- 
posely putting in at different parts a little more than the proper 
amount of flint. Although in our experiments the firing was 
carried to one cone higher than the highest cone ordinarily used 
in porcelain work, the material remained quite porous and 
would absorb moisture {гот the surface. 
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In regard to Mr. Nicholson’s short-circuit suppressor—I have 
worked along that same line, but have worked with slightly 
different methods of closing the circuit. The principle of the 
short-circuit suppressor is to throw the fuse across the circuit 
in parallel with the accidental arc that takes place out on the 
line. The fuse across the circuit reduces the voltage to zero, 
the arc goes out and subsequently the fuse blows. You can 
readily see that thegreatest importance must be placed on getting 
the arc out as soon as possible. If the arc could be put out during 
the first half cycle in which it started there would be very little 
flame. If the arc 1$ allowed to play for two or three cycles, the 
arc flame increases more and more in size and the surges decrease 
in proportion to the flame, and it takes that much longer to put 
out. So far efforts have been along the line of throwing the fuse 
into the service in the same half cycle in which the arc takes 
place. That we have been able to do by automatic means. 

Е. А. Lof: Mr. Bang's paper brings to my mind a large trans- 
mission system with a similar operating voltage of 70,000, which 
is at present being built in Sweden. А large amount of research 
work has been undertaken to determine the proper type and 
design of insulator, and a comparison of the two plants may be 
of interest. 

The old line of the Pennsylvania Water and Power Company 
was equipped with five-unit insulators, this having been increased 
to seven-unit for the new line, the units of each string being iden- 
tical. For the Swedish line, six-unit insulators were selected, 
but the units in each string are not identical, but graded. 

It is well known that the potential 15 not evenly distributed 
along an insulator string of similar unit, but that the unit nearest 
the conductor is exposed to nearly three times the voltage across 
the unit nearest the crossarm or ground. For practical and 
economical reasons it was, however, not found advisable to make 
all the units of the insulator string of different capacity, and only 
three different kinds of units were used. 

The potential distribution of both an ungraded and graded 
insulator string is given in the following table, the units being 
counted from the top. 


Potential in Per Cent of Total Voltage 


Unit Ungraded Graded 
1 11% 15% 
2 11 15 
3 13 16 
4 15 15 
5 20 19 
6 30 20 


The outside diameters of all the units were maintained the 
same for practical reasons, and the different capacities were 
obtained bv varving the thickness of the material. This is 18, 
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21 and 25 mm. respectively, corresponding to capacities of 49, 
38 and 28 microfarads. 

By providing a metal shield under the bottom unit it was 
possible to equalize still further the potential gradient along 
the string. 

Before cementing the caps and bolts, both the inside and 
outside surfaces of the insulator head were coated with a layer 
of graphite and waterglass, and these conducting layers were 
connected to the cap and bolt respectively by means of tinfoil- 
covered asbestos washers as shown in Fig. 4. In this manner 
the cement is short-circuited and the charging current prevented 
from going through the same, and the danger of any electro- 
lytic action caused by ionization of air pockets in the cement 
is thus eliminated. 


Tinfoil-covered 
Asbestos Washers 


E. E. F. Creighton: There is one point that is rather 
important from an engineering, and also from а practical 
standpoint. What is the solution of this problem and when 
are we to reach it? Тһе present disk insulator has been put 
out in great numbers. It has taken more than a year for these 
troubles to show up. When we get a solution of this problem 
it will be at least a year before we know it. So far there has 
been about 10 per cent loss on this one line, and we do not want 
that to go any further. I recall a number of years ago that 
Messrs. Hewlett and Buck presented a paper on insulators not 
cemented in this way and in which there could be no strains from 
unequal expansion of the parts and the porcelain. Although 
that insulator has great difficulties in the way of manufacture, 
it may vet be called on as a solution of this particular problem. 

L. С. Nicholson: [ am glad to relate some experiences with 
suspension insulators in connection with temperature effects. 
A line containing 40,000 units which has been in service twelve 
months, was recently gone over with a megger and all the in- 
sulator units tested, and we found, as nearly everybody else 
finds, about 2.5 per cent of the units showed zero resistance. 
This represents the deterioration in the first twelve months. 
The line is new and therefore we have no further data. Looking 
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into those which proved to be defective, we found that probably 
90 per cent of the failures were due to circumferential cracks 
in the porcelain at the base of the cap in a plane perpendicular 
to the pin, which indicates that the break is on account of 
pressure of the cap on the porcelain, presumably on account of 
temperature effects. 

Since suchalarge percentage of failures were characterized 
in that way, it appeared to us that some steps should be taken 
to relieve this pressure. Somefruit-jar rubber bands or equiva- 
lent were put on some of the new ones around the base of the cap, 
and we also made some experiments in painting certain sections 
of the pin to prevent compression caused bv unequal expansion 
in metal and porcelain. We do not know that either of these 
changes will do any good, but in view of this serious defect in 
suspension tvpe insulators we are ready to try almost anything 
suggested. 

Looking at the table of Mr. Bang's paper, the one referring 
to the partial interruptions and total interruptions, in 1911 
the total interruptions were twenty-three, in 1912 these were 
decreased to three. I think the paper states that the various 
devices which were put in to correct the flash-over troubles were 
installed in 1913 and 1914. However, they were in partly during 
1912, which accounts for the reduction from all total inter- 
ruptionsin 1911 to nearly all being partial interruptions in 1912. 

J. B. Leeper: In Mr. Downing’s paper, he says: ‘‘ Subsequent 
experience has shown that the average tower is of too compli- 
cated structure to accurately calculate the stresses in the dif- 
ferent members, and it 1$ now generally conceded that the best 
and only safe way to get reliable information as to the stability 
of a tower is to subject it to actual test." That is largely so, 
due to the shape of the tower. The statement is not correct 
that we cannot make a frame structure in which the stresses 
can be figured. If the towers are properly shaped, the stresses 
can be figured from the assumed loads, but if we do not properly 
shape them, then the statement is correct. 

Ralph Bennett (by letter): The design of the towers for a 
transmission line must be based on the ordinary principles of 
framed structures. АП stresses received above the foundation 
line pass down to the foundation through some form of a truss. 

The uniform loading of the members in a truss depends on 
the relative stiffness (rigidity) of the members and on the type 
of connection used. 

If a tower is framed of a double set of members working 1n 
multiple, part of them in tension and part in compression, the 
connections must be entirely without play or the two sets of 
members will load unequallv. Any slippage or movement at 
the panel points will permit some members to relieve themselves 
and overload others. 

Most such towers arc erected with single bolted field joints at 
every intersection. To develop full calculated tower strength 
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all of these joints must be drawn up so tight that they hold bv 
side friction. If improperly assembled or strained in erection 
or if erected on an uneven foundation the added stresses so pro- 
duced must remain in the structure. 

The calculation of towers and the shop tests on assembled 
towers are based on the assumption that the tower stands on 
and is rigidly fastened to an unvielding base. This is a purely 
theoretical assumption and in order to render it tenable many 
lines of towers have been erected on massive blocks of concrete 
where all the legitimate stresses could have been handled with 
a better factor of safety Бу simpler towers standing on properly 
designed anchor plate footings. 

If the tower structure itself 1s a rigid unit down to the top of 
the foundation members, there will be transmitted into them 
but a simple uplift and down thrust with a relatively slight 
horizontal component. 

But if the open scissors type of bottom leg is used there 1s 
added the strain which the bottom tie should carry. This may 
become manv thousands of foot-pounds and as the soft earth 
viclds it becomes cumulative. 

Figs. 5 and 6 show а tvpical failure of this class of tower when 
erected on earth foot plates. 11 miles of this line fell in a single 
storm. The original cost of the towers would have been less 
if a stable type of structure had been selected. The line was put 
on concrete bases, generally reinforced at numerous points and 
has given but little further trouble. 

With a closed truss tower transmitting all stresses through 
adjustable tension diagonals the tower structure 1s complete 
in itself. It can be adjusted after erection to eliminate anv 
internal stresses due to erection, unequal footings, etc. 

The tower can be “kicked” in place, adjusted and left as а 
symmetrical structure which can be readjusted at any time for 
change of conditions. Figs. 7 and 8. 

In this class of structure the members are few and relatively 
heavy. The proportion of exposed surface to area is low. So 
the weight of protective coating to the weight of members will 
be low. As the members will be stiff and immovable after 
erection the damage to the coating due to handling and load 
movements will be slight and the life of the tower long. 

The simple members and plain fabrication as well as the small 
cost of galvanizing all tend to make the price per pound very low. 

That the tower can safely be erected on earth plates is an 
additional reason for the low cost of transmission line on 
tension rod towers. 

This class of structure is increased or decreased in height by 
the number of panels erected. This 1s readily adjusted and 
results in a saving in moderately rough country of 15 per cent 
in the average height of tower required. 

The general design of earth plate footing 15 very simple with 
a properly framed tower. 
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For the compression loading it is necessary that the plate 
be of sufficient size and properly bedded. The uplift condition 
always calls for a larger plate and the bedding is a matter of 
proper care. 

For the uphft the plate if narrow will, in a large hole, permit 
the back fill to flow around 16 without developing any considerable 
fraction of the uplift calculated on the basis of an inverted сопе. 

Even if installed as a large plate in a narrow but wide-topped 
hole the weight-of the earth actually lifted by the plate during 
the first few years will not much exceed the width of the hole. 

But if the plate can be installed in a narrow hole with a chocked 
top the uplift will come partly against the undisturbed earth 
and part of the calculated weight will be available. 

In all earth footing the resistance to uplift may be said to be 
successfully developed if the hole is very deep for its width and 
the plate is in addition caught under the undisturbed soil. 

The Kern River line of the S. Cal. Edison Co., designed and 
built by the writer over 10 years ago, embodied tension rod 
towers on footings of this type. No tower has yet failed from 
either tower or internal footing difficulties. Some towers have 
_ been undermined by floods and have fallen. 

There are now available many forms of expansible footing 
plates developed as guy anchors but capable of application as 
tower footings. These will take a deep secure hold on the un- 
disturbed earth and should furnish an additional means of se- 
curity. 
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Western Electric Co.. АЙ Principal Cities, 
ыш шы Е ес. and Mfg. Co., Pittsburg. 


a. 
Weston Electrical Instrument Co., Newark, 


INSULATION, MOLDED. 
Cutler- Hammer Mfg. Co., Milwaukee, Wis. 
Electrose Mfg. Co.. Brooklyn, N. Y. 
General Electric Co., Schenectady, N 
ooh маво Co., H. W., New York. 
"Donee Elec. & Mfg. Co., Pittsburg, 
a. 


INSULATORS AND INSULATING MATERIAL. 
Brookfield Glass Co., New York. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
Electrose Mfg. Qo., Brooklyn. N. Y 
General Electric Co., Schenectady, N. Y. 
june Manville Co., H. W., New York. 

'estinghouse Elec. & Mfg. Co., Pittsburg, 


a. 
Western Electric Co., All Principal Cities. 


LABORATORIES. 
Electrical Testing Laboratories, 556 East 
80th St., New York. 


LAMPS, ARC. 
Eon Nn Electric Works, Fort Wayne 


General Electric Co., Schenectady, N. Y. 

Western Electric Co., АП Principal Cities. 

Шыда Elec. 4 Mfg. Co., Pittsburg, 
a. 


LIGHTNING ARRESTERS. 
General Electric Co., Schenectady, N. Y. 
ohns-Manville Co.. Н. W.. New York. 
е Elec. and Mfg. Co., Pittsburg, 
a. 


(Continued on page ХИ!) 
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LIGHTNING-PROOF INSULATORS 


1,000 TO 1,000,000 VOLTS 
LOUIS STEINBERGER'S PATENTS 


4 


Sole Manufacturers — : ғ 


| № = (ИЗ Ук 60-72 Washington St. and 66-7 Prot. — 
МАУЫ, LA M. 3j17.— BROOKLYN, М. У. AMERICA TORR } 


AR 
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Classified List of Advertisers—Continued. 
(Continued from page XI) 


LOCOMOTIVES, ELECTRIC 
Baldwin Locomotive Works, Philadelphia, 
a. 

General Electric Co., Schenectady, №. У. 

ыы - Elec. and Mfg. Co., Pittsburg, 


METERS. ELECTRIC. 
ыты ayne Electric Works, Fort Wayne, 
General Electric Co., Schenectady, N. Y. 
ewel Electrical Instrument Co., Chicago, Ш. 
ohns- Manville Co., Н. W., New York. 
'estern Electric Co., All Principal Cities. 
Westinghouse Elec. and Mfg. Co., Pittsburg. 


a. 
кеп Electrical Instrument Co., Newark, 


MOTORS. 
Crocker-Wheeler Co., Ampere, N. J. 
PON ayne Electric Works, Fort Wayne, 


General Electric Co., Schenectady, N. Y. 

Wagner Electric Mfg. Co., St. Louis, Mo. 

Western Electric Co., All "Principal Cities. 

Ы Elec. and Mfg. Co., Pittsburg, 
a 


PANEL BOARDS. 
General Electric Co., Schenectady, М. У. 
Western Electric Co., All Principal Cities 


Westinghouse Elec. and Mfg. Co., East 
Pittsburg, Pa. 
PATENTS. 
Clement, Edw. E., McGill Bldg., Washing- 
ton. D. C. 
Thomas Howe, 2 Rector St., New York 


Rosenbaum, Stockbridge & Borst, 41 Park. 
Row, New York. 
и & Decker, 141 Broadway, New 
ork. 


RECTIFIERS. 
General Electric Co., Schenectady, М. У. 


RHEOSTATS. 
Cutier-Hammer Mfg. Co. Milwaukee, Wis. 
General Electric Co., Schenectady, М. Y 
Western Electric Co., All Principal Cities. 
ыы Elec. and Mfg. Co., Pittsburg, 
a. 


ROPE, WIRE. 


Roebling'’s Sons Co., John A., Trenton, N.J. 


SOCKETS AND RECEPTACLES. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 


SOLENOIDS, MAGNETIC. 
Cutler-Hammer Mfg. Co., Milwaukee, Wis. 
General Electric Co., Schenectady, М. Y. 


STOKERS, MECHANICAL. 
Westinghouse Elec. and Mfg. 


Co., 
Pittsburg, Pa. 


East 


STORAGE BATTERIES. 
See Accumulators, Electrical. 


SWITCHBOARDS, WOOD FOR 


Johns-Manville Co., H. W., New York. 
SWITCHBOARDS. 
Fert Wayne Electric Works, Fort Wayne, 
n 


General Electric Co., Schenectady, N. Y. 

Western Electric Co., All Principal Cities. 

о Е ес. and Mfg. Co., Pittsburg, 
a. 


SWITCHES, OIL. 
General Electric Co., 
Westinghouse Elec. 

Pittsburg, Ра 


Schenectady, N. Y. 
and Mfg. Co., East 


TELEPHONES. 
Western Electric Co., All Principal Cities. 


TRANSFORMERS. 
Crocker-Wheeler Co., Ampere, М. J. 
General Electric Co., Schenectady, М У. 
Wagner Electric Mfg. Co., St. Louis, Mo. 
Ж шн Elec. and Mfg. Co., Pittsburg, 


TRUCKS, STORAGE BATTERY AUTO. 
General Electric Co., Schenectady, 
Westinghouse Elec. and Mfg. Co., 

Pittsburg, Pa. 


N. Y. 
East 


TURBINES, STEAM. 
General Electric Co., 
Western Electric Co., 
Westinghouse Elec. 

Pittsburg, Pa. 


Schenectady, N. Y. 
All Principal Cities. 
and Mfg. Co., East 


WATTMETERS. 
Конуп. Electric Works, Fort Wayne, 
n 
General Electric Co., Schenectady, N. Y. 
Jewel Electrical Instrument Co., Chicago, Ill. 
Qu Co., H. W., New York. 
esting house Elec. 'and Mfg. Co., Pittsburg, 


a 
Weston Electrical Instrument Co., Newark, 


WIRES AND CABLES. 
заана Company of America, Pittsburg, 


General Electric Co., Schenectady, N. Y. 

Kerite Insulated Wire & Cable Co., 30 
Church St., New York. 

Roebling Sons’ Co., John A., Trenton, N. J. 

Standard Underground Cable Co., Pittsburg, 


Simplex Wire and Cable Co., Boston, Mass. 
Western Electric Co., All Principal Cities. 


WIRE SPECIALTIES. 


Roebling's Sons Co., John A., Trenton, N. J. 
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The New 
CUTLER-HAMMER 
Magnetic 
Switches 


have the following new and 
important advantages: 


1. Great sealing pull. 
2. High contact pressure 
3. Interchangeability of parts. 


An investigation will justify 
our claim that these new lock- 
out switches are the simplest, 
most rugged and desirable— 
the last word—the ultimate. 

Ask for copy of Magnetic 
Switch booklet. 


The Cutler-Hammer Mfg. Co. 
Four of the new Cutler-Hammer . 
lock-out switches are mounted on Milwaukee 
lower part of this 75 H.P. 230 volt New York Boston Philadelphia Pittsburgh 
D.C. starting panel. Chicago Cleveland Cincinnati San Francisco 


PROCEEDINGS WANTED 


Twenty-five cents per copy 
will be paid for copies of the 
January, February and March 1915 
Issue of the 


Institute Proceedings 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
33 West 39th Street, New York 
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DEPENDABILITY! 


Connections from feeders to bus bars, switches, transformers, converters, 
auxiliary and control wiring in all of the important sub-stations of 
New York, Brooklyn and Queens recently completed or now in course 
of construction are made almost exclusively with 


DOSSERT CONNECTORS 
CABLE TAPS and TERMINAL LUGS 


The reason, tersely put in the language of one of the chiefs of construction 
charged with heaviest responsibilities (we are authorized to quote him): 
“Іп case of trouble we know that a 
Dossert Joint is the last thing to let во.” 

New and interesting tests of Dossert Terminals have just been made by 

the Electrical Testing Labora- 


tories, showing how effectively 
Dossert Terminals 


Minimize Heat Losses 


Let us send you the data on 4 H.B.LOGAN PRES. 
this test—we'll be glad to do 
it on request. 343 WEST 41st STREET, NEW YORK 


А DEFINITE REAL SAVING 
OF OPERATING COST 


[s made every time the detachable feature of 


G & W POTHEADS AND BOXES 


is used. А single instance of testing out the line or an 
emergency cut over will more than pay the 
cost of the detachable feature, thus it 


* Pays its own keep " 


SPECIALTY COMPANY 
7440-52 So. Chicago Ave. 
Chicago U. S.A. 


ee 
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Direct Current Motors | ype RC Commutating Pole 


Capacities 14 to 75 Horse Power 


Shunt, Series Voltages 
or Compound 115-230 - 550 
Winding 


oth 


uws 


Fiai nes mie 


MILLED SLOTS en- 
sure correct alignmenta, 


F 
tion through single seres 


Type RC Motors meet 
Ask for Bulletin No. the most exacting de- 
41013 descriptive of mands of the most 
complete RC line. 


discriminating users. 


General Electric Company 


General Office: Schenectady, N.Y. 
District offices in : 
Boston, Mass. New York, N. Y. 


Philadelphia, Pa. Atlanta, Ga. 


| 
ewark 
Cincinnati, O. Chicago, Ill. Denver, Colo. San Francisco, Cal. St. Louis, Mo. Че | 
ОП 
Sales Offices in all Large Cities 5865 Pittsburgh ч 


EQuipy 


Member 
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There Is A 


Westera Electric 
Motor 


For every power application 


т ` 
=~ 
1 > 
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„её ge: Ж,” 2 s а Р тә pits 

UU. > >” a. + (T a+ m 41 


Application of a Form К Western Electric induction motor. 


Get in touch with the most conveniently located house 
below and have sent you literature on motors—switch- 
boards — controllers — transformers — instruments — 
everything electrical. 


Westera Electric Company 


New York Atlanta Chicago Kansas City San Francisco 
Buffalo Richmond Milwaukee Omaha Oakland 
Newark Savannah Indianapolis Oklahoma City Los Angeles 
Philadelphia New Orleans Detroit Minneapolis Seattle 

Boston Houston Cleveland St. Paul Portland 
Pittsburgh St. Louis Cincinnati Dallas Denver Salt Lake City 


EQUIPMENT FOR EVERY ELECTRICAL NEED 


Member Society for Electrical Development. "Оо it Electrically” 
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Every Electrical Engineer 


Should be posted on Electrical Apparatus and know who makes the best 


kinds for different purposes. 

Perhaps it's not possible for you to visit our factories but we want you to be- 
come familiar with our produots. 

We make a specialty of manufacturing Complete Equipments for Light and 


Power Stations. 
Our Meters, Alternators, Generators, Transformers, Switchboards, Motors, 
etc., are used in some of the finest installations all over the country and have 


established for us a national reputation for quality. 
We won't attempt here to tell all their strong points; their exclusiveadvantages 


—the features that make them superior to others or show why they last longer, 
do their work better and require fewer repairs, but we have some interesting illus- 


rated Bulletins on each subject that go into details on these points. 
These bulletins are free and we will be glad to furnish you with any you desire. 


Fort Wayne Electric Works 


OF GENERAL ELECTRIC COMPANY 
MAIN OFFICE: Fort Wayne, Ind. Factories: Fort Wayne, Ind., and Madison, Wis 


SALES OFFICES: 
Kansas City New Orleans St. Louis 
San Francisco 


Atlanta 
Boston Cleveland 
Charlotte Dallas Madison Pittsburgh 
Chicago Denver Milwaukee Philadelphia Буғававе 
Grand Rapids New York Seattle okohama, Japas 


= - ор оо өс ap оер оф P ос «а есе ео се ео о» ес Do ес A от өс ес ео ыс =з өс оо өс о» ее ее 9 ева 9 ес ее 9 е» «е өсе “о «е ее €^ ео ео ес ет ге «- 
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Electrical Department 
Tests and investigations of electrical instruments, apparatus 
Inspection of electrical material and appar- 


and materials. 
Tests and investigations made anywhere. 


atus at factories. 
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Photometrical Department 


1 
t 
1 
l 
t 
t 
1 
1 
1 
! 
! 
! 
! 
! 
! 
1 
! 
! 
{ 
H 
Photometrical tests of all forms of commercial illuminants. 
Illumination tests made anywhere indoors or outdoors. 
H 
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General Testing Department 
Coal and ash analyzed. 


Mechanical tests. Chemical tests. 
Paper tested. Tensile, compression and torsion tests of 


structural and engineering materials. 


80th STREET and EAST END AVENUE 
NEW YORK, М. Y. 
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« 
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OTIS ELEVATORS 


Highest Awards at 
PANAMA-PACIFIC INTERNATIONAL EXPOSITION 


Grand Prize—Otis Gearless Traction Elevator 

Grand Prize—Otis Geared Traction Elevator 

Medal of Honor—Otis Automatic Push Button 
Elevator 

Gold Medal—Ots Patented Oil Cushion Buffer 

Gold Medal—Ots Electro-Mechanical Safety 


Device 


ШШЕ 


We сап aid you in making your 
elevator specifications 100% correct 


OTIS ELEVATOR COMPANY 


Eleventh Avenue and Twenty-sixth Street, New York 
Offices yn All Principal Cities of the World. 


CEED ОАО АО FNIT TT УДАВУ ААА А ВУЗА И ELLA РОЗА u У УД LS 


“ОО ОО ООО ОО О О ОУ О О О О О ОУ О О À 


ТИШЕТ ШШШ ИШ ИШ ШИШ ИИГЕ ВЫ ІНШІ ІНШШШІІНШІШІШІНЕІБІШШЕІНШІІНШІШШІШІШШШІШШШШШШІШШІ 


Wagner Portable Instruments 


are designed and built with the same care and attention 
to detail that has given Wagner switchboard types their 

_high reputation for reliability and pre- 
cision. 


Wagner Portable Instruments 


for both alternating current and direct 
current work are of such diversity of 
style, scale, range, capacity, etc., as to 
make it impossible to go into detail here. 


Portable instruments manufactured 
by this company are guaranteed cor- 
rect within small limits, and will be 
found suitable and serviceable for all 
testing purposes requiring accurate, 
sensitive instruments. Bulletin 1046. 


Майе ае Манадан Company. 


Saint Louis. Missouri 
Member Society ior Electrical Development—Do It Electrically. 2145 


Single Phase Wattineter 


Da  — — — — — — — —— — 
ча ъа њељ чье ыы SQ Mua = 
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From any point 


of view— 


every service demand 
is met by 


Wesünghouse 


[Induction Type 


Feeder 
Regulators 


high factor of safety and rugged 
mechanical construction. 


such features as compounding 
Accurate because of < action of relays and quick-acting 
electro-magnetic brake. 


Dependable because of | 


| | long life of moving ап auto- 
Economical because of 4 matic parts, with low mainten- 
{ ance cost and depreciation, 


By another recent improvement the secondary, or auxil- 
iary relay is made integral with the cover, greatly reducing 
both the amount of wiring required for the automatic 
accessories and the cost of installation. Ask our nearest 
office for complete information. 


Westinghouse Electric & Manufacturing Co. 


East Pittsburgh, 
Pennsylvanig, Pa. 


Sales Offices in All 
Large American Cities 


SCIENCE ABSTRACTS 


ttttttttttttttttttttt 


Section A, Physics ж Section В, Electrical Engineering 


Issued monthly by the Institution of Electrical Engineers, London, 
in association with the Physical Society of London. With the co-opera- 
tion of the American Physical Society, the American Institute of Elec- 


trical Engineers, and the American Electro-Chemical Society. 
tttttttttt 


The contents of the two sections are as follows: 


SECTION A.—General Physics; Light; Heat; Electricity and Mag- 
netism; Chemical Physics and Electro-Chemistry. 


SECTION B.—Steam Plant, Gas and Oil Engines; Industrial Electro- 
Chemistry, General Electrical Engineering, and Properties and Treat- 
ment of Materials; Generators, Motors and Transformers; Electrical 
Distribution, Traction, and Lighting; Telegraphy and Telephony. 


55535555533 


More than 150 publications including Society Proceedings and other 
periodical publications, appearing in all parts of the world, are regularly 
abstracted. 

The subscription price is $4.50 for either section separately, or $7.50 
for the two together. 

All members of the American Institute of Electrical Engineers can, 
by special arrangement, subscribe through the Secretary of the Institute 
at the reduced rate of $3.50 for either section separately, or $5.00 for 
both sections. Subscriptions should start in January. 

The first volume was issued in 1898. Back numbers are available. 
A sample copy of either section can be obtained on application to 

F. L. HUTCHINSON, Secretary, 
American Institute of Electrical Engineers, 


33 West 39th Street, New York 


915 


ROEBLING | 


_ | 1912 

Се z > | 1911] 
кел 1910 
1909 
1908 
1907 
1906 
1905 
1904 
1903 
1902 


WIRE - 


1899 
1898 
1897 


Insulated Wires and в» 


Cables i: 


FIRST ROEBLING WIRE MILL, TRENTON, N. J. 


Supreme in Quality 


Aerial Cables Field Coils 
Annunciator Wire Lamp Cord 
Automobile Horn Cord Moving Picture Cord 


Automobile Lighting Cables Mining Machine Cables 
Automobile Starter Cables Magnet Wire 

Automobile Charging Cables Power Cable, Rubber Insulated 
Automobile Ignition Cables Power Cable, Cambric Insulated 


Armature Coils Power Cable, Paper Insulated - 
Bare Copper Wire Slow Burning Wire 

Bare Copper Strands Telephone Cable, Paper Insula- 
Copper Wire, Bare tion 

Cambric Cables Telephone Cable, Rubber In- 
Fixture Wire sulation 


Fire and Weatherproof Wire Weatherproof Wire 


John А. Roebling's Sons Co. 
TRENTON, М. J. 


BRANCHES: | 
New York Philadelphia Pittsburg Chicago Cleveland |, 
Atlanta бап Francisco Los Angeles Seattle Portland, Ore. |. 
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